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Structural Equation Modeling of Digital Management, Resilience,
and the Concept of Circular Economy Influencing the Supply Chain
Sustainability of Food and Beverage Industry in Thailand

Nattakan Poolgate' and Natapat Areerakulkan™

Abstract

This research aims to study the levels of digital management, supply chain resilience, and
the concept of the circular economy, as well as to examine the direct and indirect influences
on the sustainability of the food and beverage industry supply chain in Thailand. A mixed-
methods approach was employed, combining both qualitative and quantitative research
methods. The qualitative method involved in-depth interviews with 12 executives, academics,
and representatives from relevant associations, which were then subjected to content analysis.
Meanwhile, the quantitative research method involved distributing questionnaires to a stratified
random sample of 320 factory executives from a total population of 7,396 factories, followed
by data analysis using causal relationship studies and structural equation modeling.
The results of the research in accordance with the first objective revealed that digital
management, supply chain resilience, the concept of the circular economy, and supply chain
sustainability are all at a high level. The findings related to the second objective indicated
that: 1) digital management, supply chain resilience, and the concept of the circular economy
have a positive direct influence on supply chain sustainability; and 2) digital management has
a positive indirect influence on supply chain sustainability, mediated by supply chain resilience
and the concept of the circular economy. Additionally, the qualitative findings suggested
that strategies for enhancing supply chain sustainability should prioritize effective digital
management, the development of resilience, and the circular economy concept. In conclusion,
the research findings can be utilized for strategic teamwork to formulate policies that support
investment, assess customer feedback for the development of capabilities towards becoming
a digitally driven organization. This entails establishing a clear direction in personnel
development, big data analysis, and fostering workplace resilience, which will contribute to
increasing the return on asset utilization, enhancing profit margins, and sustainably increasing
the market share of operators.

Keywords: Digital transformation, Supply chain resilience, Supply chain sustainability,

Food and beverage industry
Type of Article: Research Article
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M13797 1 Aade @ denuuinsgIu wasssRuAuAnTuNsIaNIsARYa AuBardudnaneiu

LWILATEERIIMYUNEULSY ANUEELYId AT (N=330)

Fausiildlunnsise Mean | $2AuUA? | S.D. | Min | Max | Skewness | Kurtosis
AnLTiY
N15IANIIAIA 4.403 11N 456 | 2.70 | 5.00 -1.276 1.680
ANNEAVEUENWAB 4.366 1N 451 | 2,69 | 5.00 -1.633 3.211
wnAnATegiavy Uy | 4.348 N 433 | 3.13 | 5.00 -951 374
audeBudnmnane 4317 1A 486 | 3.00 | 5.00 -990 562
Tagnnsan 4.022 EVah

= ' a co a £ v o & v o o aw
MNI1919N 2 ﬂ’lLJJVliﬂ‘dﬁmﬂizﬁ%ﬁawamwuﬁizwmﬂmLLUiﬁﬂLﬂG\iﬂﬂ“ﬂUﬂﬂﬁ%

DGL | INT | COL | BDT | INO | AST | ADT | RST | RDT | RDU | REU | REC | REV | ECO | SOC | ENV
DGL 1.000
INT 784" | 1.000
COL | 589" | «€41” | 1.000
BDT 743" | 842" | 606" | 1.000
INO 758" | 7857 | 6457 | 7777 | 1.000
AST 6417 | 6317 | 4237 | 7517 | 7467 | 1.000
ADT | 5377 | 6757 | 408" | 7257 | 688" | .687 | 1.000
RST 7057 | 7107 | 6637 | 7687 | 7657 | 7797 | 736" | 1.000
RDT | 7277 | 7917 | 669" | 7557 | 817" | 665" | .700" | .798" | 1.000
RDU 6557 | 5997 | 718" | 604" | 6817 | 529" | 593" | 740" | .7917| 1.000
REU 558" | 6277 | 5467 | 6147 | 6527 | 604" | 523" | 588" | .6947 | 5787 | 1.000
REC 5137 | 605" | 3977 | 5777 | 5627 | 667 | 5627 | 636" | 5767 | 4297 | 683" | 1.000
REV 7327 | 735 | 6737 | 6717 | 7527 | 646" | 5627 | 7557 | 7337 | 6987 | 7077 | 7277 | 1.000
ECO 7127 | 7827 | 606" | 8007 | 836" | .7467 | 7427 | 802" | 773" | 6097 | 645" | 628" | 716" | 1.000
SOC 6457 | 6747 | 5897 | 618" | 7377 | 6137 | 5977 | 6917 | 7297 | 6797 | 6967 | 6057 | 8107 | .748" | 1.000
ENV 7217 | 8337 | 5317 | 7467 | 8137 | 7007 | 676" | 688" | 766" | 5707 | .686" | 657" | 720" | .824" | 778" | 1.000

Bartlett’s test of Sphericity Chi-Square = 26500.606, df = 2080, p = 0.000, KMO = 0.790 * p < .05 ** p < .01

nuewe: DGT ABN13IANSARNIA, INT ABN15YTAUINTS, COL Aamusiuie, BDT ABn1siiAsieniveya
ualug, INO Asuinnssy, AST Aon1s@udy, ADT Aen13USUA, RST ﬁamiﬁuﬂd, RDT ABAIUNSDY,
RDU #Aanisamnni1sid, REU Asn15idn, REC Asan1sslaLAa, REV ﬁaﬂﬁ%ﬁm{juazmiéﬁammu, ECO fa
\sugha, SOC Aedany, uaz ENV Aodauinden
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adfTisziu 0.05 way 0.01 Tnerduuszans«
gaanfiAiniu 0.842 WWuauduiusues INT
wag BDT S09a9nAe 0.836 1Uumuduiusaes
INO ua ECO wagsnanie 0.397 luanuduius
299 COL wag REC lawdiAn Bartlett’s test of
Sphericity Chi-Square = 26500.606, df = 2080,
p = 0.000 e?fﬂLmﬂ@iw«mﬂgméasmﬁﬁfaﬁﬁ@ww
adffiseiu .01 Adilsan Kaiser-Meyer-Olkin
Measure of Sampling Adequacy = 0.790 L&n431

U7 12 2t 1 wnTIAN - wew 2569

amdnddulszavsanduiusvesiunusdanals
LazALFNTLS ST el sHiunnne ez
unAszviesrusEneudsiuduls asuanslilu
PI5197 2

d2udl 2 man1sANWIALTRQUsZESAT
(2) WiefnwdrSnaniansasnesouvas
N139ANNSAINE AUEArguTNNAIELIYY way
LARATYgRIILABLATB S Waien AL
fiafu wueduiinsivdeunudenndadves
Tuwma il fh Chi-Square = 56.489; df = 44;
Relative Chi-square = 1.284; p-value = 0.098;
GFI = 0.980; AGFI = 0.937; RMSEA = .029 ;RMR
= 005 sua1su teesudliianuaenndeaduly
asnauTTisvus Tnefiseavidendasolu

| Avsoptive | | Adapive | | Restomtve | | Readiness |
744 626 B17 802
862 g1 904 895
688
DigitalReader Supply Chain 878
828 i
661 Resilience 824
Integration 928 937 29 884 942 Economy
460 774
678 iqi i 813
Collaboration Digital Supply Chain Society
907 Management Sustainability 900
823 471
6 509 809
BigDala Environment
120

Innovation

Circular
Economy

744 783 o7 913
553 812 852 834
I Reduce | | Reuse I I Recycle l I Recover |

A 2 AuuUENNSlASETINISIANSAATE ANUEAEUT I LagludAnLATYSNT

nyulBuULanEnaseaudEuveinaaugaamNsINe N THasA RNl U sEwWAlng

Tagdadsmunmil 2 1) nMsdansnasa
idleRansantminvesdauds (Factor loading)
LazAduUsEavsnsnensal (R) veeiuys
Welsedny WUﬁﬂﬁﬁﬂ‘ﬁﬂﬂﬁﬂ(gf’JLLUiE]EJi%WiN

0.346 949 0.928 wanIIN FwUsI39UsEaIny 119 5
Frwds aunsarduiunuYeInIsInn1sRITaTeY
geaunssuamsuaznsesnlulssmelne uay

o Aa 1 o o = Ny
WQLLUiVINﬂqquUﬂNqﬂW@ﬂ A8 mumi‘g’ﬁuﬂmi
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(Integration) fAntmtnusasauys wihiu 0.928
TmediAn R? Wiy 0.861 599891 MaWA A1UnS
Taseiteyavuinlueg (Big Data) fievmin
09U AU 0.907 laedlan R? windu 0.823
AuRIAUARYa (Digital Leader) flAniwein
0IFUUT AU 0.829 lawdlan R? windu 0.688
guausanile (Collaboration) faniminues
Fauus winAu 0.678 IaeilAn R? windu 0.460 wag
ATUALEINITOAIUIRNTIY (Innovation) HAN
dwiinvesiusdosiian Wity 0346 Taedian
R? 111U 0.120 AIua1au

2) rwdangudnmansiey Wefiansan
Factor loading Wagen R? vasmiuwusidausying
wul Fudndaszdng fanbhudngudsey
5¥1319 0.791 9 0.904 Lanein sruusidelsednd
W 4 fhuds anunsaslufuvuresmudavgu
FNWAULYU maaqmammsummmasm'%law‘ﬁ"u
Tuvszwalne uadusiiidndmdnunniian
o ﬁmmﬁxlyuvj (Restorative) FafiAmiminues
FuUs Wi 0.904 uagliaA R2 Wi 0.817 509
aqleun fumy wieu (Readiness) dadin
dhnivesiauys wihiu 0.895 waziien R? iy
0.802 FumsBudu (Absorptive) dafiemiomin
Y0IFUUT AU 0.862 Lazdlan R? windu 0.744
waz f1un1sUTUSa (Adaptive) fiethainves
Fulstiosiign wirdu 0.791 laefld1 R? ity
0.626 AUAGU

3) wuAnAswsRavLuioy efianson
Factor loading Wagen R? vasmiuusidausyding
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wu71 FuUsdasedngiandmdngauusey
5¥IN9 0.744 §3 0.913 Uanein Mmuusfisusedng
W 4 Faus anunsadufunuvesuunie
mwgﬁw;guﬁauﬁuaqqmammsmmmmmLﬂ‘%"aq
Auludszindlne wazfuusiiardiminun
flan fio unsiluuaenisteuuen (Recover
& Repai) GsiiAntminvesiauds wihiu 0.913
wagdlAn R? Wiy 0.834 sesaunlaun a1unig
anda (Recycle) Fadldniminuosiauds 0.807
wazdlAn R2 Wiy 0.652 dun1sleden (Reuse)
Faflinmdnvesuls Wiy 0.783 waziian R?
WU 0.612 wagauaani1shay (Reduce) fifn
ihwiinvesfudstieniganinfiu 0.744 Taedian
R? 11U 0.553 Mudaiu

4) pudsfuvasinnateiy Wefasan
Factor loading WagA1 R? Yoamiuusidalsyine
wu1 Fulsdasedng fadwmdndudsed
5819 0.813 19 0.942 ugnein MuUsfsusedng
W 3 s aansadusunuresarudduves
%’wwmaLﬁuuqmamﬂsimmmsLLagm‘%'aqa'm"Lu
Ustinalng wazdudsiifiedniininniian fe
Fruiesugiia (Economy) SiAminninuesiauys
Windu 0.942 Taadian R’ windu 0.824 998931
1¥uA Frudaandan (Environment) fidnamin
Y0AUT AU 0.900 Tawilan R? windiu 0.809
warA1udenu (Society) fiAntmdnuosiauds
toufian wiriu 0.813 Taedien R? winiu 0.774
AUAIPU
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M99 3 HANITIATIENDNTNANINTWUALNNDBUVBINITINNITAINE ANNEANEUTNNATE

WUkATRUIANLATEINAINY U UNTEN SN AU B UTNNA B UDREIYNTTURIMITHAY

\3ashule
fiauus SCR CE IS
DE IE TE DE IE TE DE IE
DGT 0.937 | 0.937 0.00 0.883 | 0.441 | 0.441 | 0.897 | 0.224 | 0.673
SCR - - 0.471 | 0.471 0.00 0.479 | 0.239 | 0.239
CE - - - - - 0.509 | 0.509 | 0.00
S - - - - - - -
R - square 0.878 0.806 0.884
ANEDRA Chi-Square = 56.489; df = 44; Relative Chi-square = 1.284; p-value = 0.098; GFI
= 0.980; AGFI = 0.937; RMSEA = .029; RMR = .005

WySndandunussrrineiiwls

ALUTUAS DGT SCR CE SUS
DGT 1.00
SCR 0.863%* 1.00
CE 0.832%* 0.840%* 1.00
sUS 0.877%* 0.866** 0.843%* 1.00

VUGG *p > .05, **p > .01, TE = wagndnasau (Total Effect), IE = dndnanewey (ndirect Effect)

DE = dvSwanemsa (Direct Effect), suavluiadu

= @1 Standard Error, DGT = n1599n15A39A,

SCR = Anugavgudnnatewy, CE = WuAAWTYINIvyUley uag SUS = anudidudnnaienu

NAN9T 3 MTleseviduuseans
BVTNANINTI N9DDY UarBNTNATINVBIILUT
dunald aguladinisden1sfdvia anudangu
FNNAULYULALLUIARLATEFAIVY U IBUTBVIE NS
feANEITUTINA LB IgMANUNT TNV
waziazesiluuszmalne laoilefinnsan Factor
loading uagA1 R? 989U BaUsEanY WUl
nsdnn1sAdvialiavinaifansameauinuniian
somnuBaveudnmansioy Jadlvuinadvsnana
M3 0.937 lagilAn R’ 0.878 F99A4IAD WA
WATHENAVL UL LIS NATM TN UINFeAY

FIHUVDITNNAIUYY FILDNTNAN19IMTI 0.509

ANUEANEUENNABLYULBNTNAL TN TINIUIN
AouwAnasugAavuioy TeildvBwaniemss
0.471 NMIIANIAIVALBNTNATINTINIUINGD
wIARLATEgRavyuIsy 18nSnaniwmse 0.441
ANUEANEUENNABLYULBNTNAL TN TINIUIN
AeAnudadudnmansivy SvEnanianss 0.239

LAYNISINNITAINALDNTNANIINTITIUINAD

a{' = o

amudadu Ueedige Dsilvurndnsnaningg
0.224 Tnehs 3 fhuvs dAnduUszansnisnennsel
m'am'méﬁ§umaqqmamnssummmagm’%'aﬂm
IafisSeay 88.4 muaau
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Bootstrapping BC 95% ClI
AUFUNUS Std. Std. Lower  Upper
P-Value
Beta Error Bound Bound
DGT —»CE —» SUS 0.223 0.022 0.215 0.237 0.020
DGT —»SCR —» SUS 0.673 0.012 0.654 0.692 0.011
SCR —»CE —» SUS 0.239 0.003 0.233 0.245 0.014

ngwe: DGT = MIIANTSATIIEA, SCR = ANuEagudnnaeivy, CE = LUIARATYINIMLUIEY Lay

SUS = mMsWsIuNgsdu

1AM 4 WU BNTWANI9D Y

aa v o

(indirect effect) ¥@IN15IANTAITATNNALLYY
NisoANuGEY HuATegRanyguIsy d60

3

dulsednsannouuinsgiuwindu 0.223 gl

i

(p-value = 0.020) Fsagule

aa =

71 N15IANITAINALDNTNANID DUTIUINTIL

dudrAgnisana

o v

DG AT DI P RPIR ]

<

] a

HULAT AN WY
Tud1uv99dNSNaN190BUVDINITIANS
Adva NilneAudidu Wiuaudane u

FNNAGLY NANTITIATIZANUI TAduUsEaNnd

= v

AANBEUINITFIUVINAY 0.673 FalltlpdrAynig

o

anfwAeIiu (p-value = 0.011) Feagulad

A1599 5 HANISNAFBUANNAZIY

aa v o =

N133AN15AATaTN NI UL BNTNAN19 UL
winfififedfynsadfneninuddu diuany
gavgudnnaneiyy
wagludIuveIdnINan19dauv0IAIY
Somgudnmansioy Asonrmddu duasugia
vy wansiasginudy danduuszand
0ANEEINTTILYINAY 0.239 FadltfudiAgyn
adid (p-value = 0.014) Fromgiaguleai A
Savgudwnarevuidninanisdoudauandid
Hoddynieadfneniudabunuiasegia
mauiey uenantuNANSNAREUANNAFILIG
9 4o WU BeuFUNNANLAFILLARIRINITIT 5

il AUNAFIY NABNINA NANNS

NAdaU

H, nsIanIsAITalis S NanInsaTauIndeaudEl TE=0.897, DE=0.224 yausu
FNNAIYU IE=0.673

H \rswgRavauisuiiavsnamansadeuinsenudsdu TE=0.509, DE=0.509 | w@auiu

FNNAIU

H, ANNEAVEUT NS UTBVIENaN NS ATIUINFRAIY TE=0.479, DE=0.239 gausU
Safudnnaney IE=0.239

H, N133AN1TAINALBNTNANINTITIUINABUUIAALATYNY | TE=0.883, DE=0.441 gausy
U IE=0.441
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Abstract

The objective of this research was to examine the viability of utilizing electric-powered
container trucks. It served as a tool for determining whether to utilize a new truck model for
a scase study, an international vessel agent. Currently, the company has gasoline-powered
trucks and natural gas-powered trucks. The route under examination was from Ladkrabang
Port in Bangkok to Laem Chabang Port in Chonburi, Thailand. This research employed both
quantitative and qualitative approaches (mixed methods) and used purposive sampling from
experts in companies with over 10 years of experience for 5 people with a structured
interview. The research began with collecting data on both types of trucks and electric trucks
to be compared with costs and greenhouse gas (GHG) emissions. It was determined that
a gasoline-powered truck has an annual cost of 8,225,858 baht and emits 723,751 kg of CO2.
A natural gas-powered truck costs 5,289,363 baht per year and emits 592,587 kg of CO2, while
an electric truck costs 3,183,088 baht annually and emits 288,580 kg of CO2. Then the study
of electric trucks was done and analyzed data on the payback period, internal rate of return,
and net present value. The study found that the cost-effectiveness of electric-powered trucks
revealed that the time required to recover an initial investment was 3 years and 1 month,
the present value of cash flows was 6,392,239 baht, and the project’s rate of return was
18.52%. Feasibility analysis indicated that investing in electric-powered trucks gave positive
future returns, which made the investment worthwhile and proposed as alternative options

for decision-making within the company’s case study.
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1. Introduction

Reducing greenhouse gas emissions
from the transportation sector can be
approached through various strategies. For
instance, using environmentally friendly
alternative energies such as electric vehicles
(EVs) and implementing eco-friendly logistics
management practices are key avenues. In
Thailand, there is an increasing adoption of
EVs in the transportation sector to curb carbon
dioxide emissions from exhaust pipes, thereby
reducing the amount of greenhouse gases that
contribute to atmospheric degradation. This
not only helps mitigate air pollution but
also leverages electricity as a relatively cost-
effective energy source compared to
traditional fuels, thereby potentially reducing
transportation costs. Green Transportation
innovationis one approach supporting Thailand’s
goal to reduce greenhouse gas emissions by
40% by 2030. This target requires the energy
and transportation sectors to collectively
reduce emissions by 266 million tons from
current levels (ONEP, 2023).

The case study is an international
vessel agent who served as the operator at
the port of departure and port of destination
on behalf of the ship owner. To facilitate
domestic transportation, containers are loaded
onto trucks and there are two categories of
trucks that the company currently operates:
gasoline-powered and natural gas-powered
trucks. One possible strategy for enhancing
competitiveness within the transportation

industry, this company decides to study the

Vol. 12 No. 1 January - April 2026

feasibility of investing in electric-powered
container vehicles to reduce costs and air
pollution to comply with the Green Port
policy. As a result, the objective of this
research is to compare the use of each type
of container truck and examine the feasibility

of adopting electric-powered container trucks.

2. Research’s objective

1. To study costs and greenhouse gas
(GHG) emission of gasoline-powered truck,
natural gas-powered truck, and electric-
powered truck.

2. To examine the viability of utilizing
electric-powered trucks for an international

vessel agent company.

3. Conceptual framework

Data of a case study company are
gathered and compared on costs and green-
house gas emissions of gasoline-powered,
natural gas-powered and electric-powered
container trucks. Then the feasibility study of
employing electric-powered container trucks
was evaluated by those involved in trans-
portation activities of the company and was
measured with economic indicators: Payback
Period (PB), Internal Rate of Return (IRR), and
Net Present Value (NPV). Conceptual frame-
work is presented in Figure 2. The research
results will be used as a guideline for
deciding on changing the type of container

truck in the future.
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Figure 1 Conceptual framework

4. Literature review

Transportation feasibility studies involve
a variety of research categories, including
financial worthiness and technical investment
studies. Namsri (2023) studied the feasibility
of investment in trucks by analyzing payback
period (PB), internal rate of return (IRR), net
present value (NPV) and benefit-cost ratio
(BCR). Schettino et al. (2018) conducted an
economic and financial feasibility analysis
regarding the distance and productivity of
lisht and medium-sized vehicles. Kinjal et al.
(2021) assessed greenhouse gas (GHG) emission
and implement strategies for building green
transportation systems. To determine the
total quantity of GHG emissions generated
throughout the entire life cycle of a road
project, Albuguerque et al. (2020 employed
a life-cycle approach. Saifuddin et al. (2019)
conducted a comparison of GHG emission
levels and put up several strategies for
reduction, including opting for smaller vehicles
over larger ones, utilizing alternative fuels,
and adopting electric vehicles. Vijayagopal
and Rousseau (2021) and Burke et al. (2022)
assessed multiple factors and analyzed the
total ownership cost (TCO) for electric trucks

in relation to battery and fuel expenses.

5. Methodology
5.1 Research method

In this research, we employ a mixed
methods approach, combining quantitative
research and qualitative research.
5.2 Population and sample

This research involves 5 informants
selected purposively from a total of 30
employees within the company engaged in
international maritime transportation activities.
All informants have a minimum of 10 years of
work experience.
5.3 Research instruments

Examine and compare the costs and
greenhouse gas (GHG) emissions of gasoline-
powered trucks, natural gas-powered trucks,
and electric-powered trucks. Subsequently,
conduct a structured interview divided into
four aspects: 1) Environmental 2) Technical
3) Economic and 4) Social. Evaluate the quality
of the questionnaire by assessing its content
validity through consultations with experts.
Perform an economic analysis to assess the
adoption of electric-powered container
trucks, focusing on long-term investments and
anticipated future returns using three metrics:
Payback Period, Net Present Value, and

Internal Rate of Return.
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5.4 Data collection

Primary data is collected from statistical
information obtained through operational
practices in the current workflow, specifically
related to expenses associated with trucks
transporting goods from Ladkrabang Port to
Laem Chabang Port.

Secondary data is compiled from
publicly available sources, such as the
Environment Energy Policy and Planning
Office (EPPO) website concerning fuel prices,

and the Thailand Greenhouse Gas Management

Inefficient use of trucks

High transportation
costs

High fuel costs

Vol. 12 No. 1 January - April 2026

Organization (TGO) website regarding
greenhouse gas emissions coefficients
(emission factor).
5.5 Data analysis

The factors utilized in analyzing and
comparing gasoline-powered, natural
gas-powered, and electric-powered container
trucks include

Costs: fuel cost, maintenance, tires,
tax and insurance, depreciation

Greenhouse gas emissions: fuel
consumption rates, emissions coefficients

Empty container on Partnet network

the retum trip Online platform

Waste time at Improve work

container yard procedures

Mainly using gasoline-

New altemative energy
powered truck

Figure 2 Why-why analysis of high transportation costs

6. Results

The research began with finding causes
of high transportation costs using why-why
analysis. Figure 2 shows two main reasons
for the inefficient use of trucks and high fuel
costs. Possible solutions can be setting partner
networks or utilizing an online platform to
connect between transporters and product
owners, improving operational procedures at
container yards and offering new alternative
energy for container trucks. After proposing
solutions to the senior executives, the feasible

one is the new truck with other alternative

energy due to green port policies.
6.1. Cost and Greenhouse Gas Emissions
Analysis

6.1.1 Gasoline-powered Truck

Cost Analysis:

e cost of 10-wheel truck, model HINO
FM1AK1B-SHT(T/S), 344 horsepower 2,875,000
baht

e 40-foot container semi-trailer 432,000
baht

e general maintenance cost 5,000 baht
per month

e cost of container truck tires, model
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BRIDGESTONE 11R22.5 R157 each tire is 9,150
baht. The truck uses 10 tires for an amount
equal to 91,500 baht per year

e vehicle tax and compulsory motor
insurance 7,810 baht per year

e truck insurance is 27,620 baht per year

e depreciation expense was calculated
from the salvage value of 50 percent of the
vehicle price (Namsri, 2023) 2,875,000 x 0.5 =
1,437,500-baht, lifetime of 10 years, calculated
using the Straight-Line method, so annual
depreciation is equal to (2,875,000-1,437,500)
/10 = 143,750 baht

e fuel cost for one trip, round trip
distance 240 kilometers, average fuel
consumption is 150 liters per one trip, number
of transport 6 trips, round trip distance 1,440
kilometers, total distance is 421,920 kilometers
per year. Total fuel costs are 7,895,178 baht
per year (diesel price (EPPO, 2024)

Summary of fixed costs of 330,680 baht
per year, fuel costs of 7,895,178 baht per year,
therefore total costs equal to 8,225,858 baht
per year.

Greenhouse Gas Emissions Analysis:
The amount of fuel used is 150 liters per trip,
running a total of 6 trips per day. In 2023,
there are 293 working days. The greenhouse
gas emissions coefficient (Emission Factor) is
equal to 2.7446 kg CO2eq per liter (TGO, 2023).
Annual greenhouse gas emissions equal to 150
X6 X293 x2.7446 = 723,751 kg CO2 per year.

6.1.2 Natural Gas-powered Truck

Cost Analysis:

e cost of 10-wheel truck, model HINO

U7 12 2t 1 wnTIAN - wew 2569

FM1AK1B-SHT(T/S), 344 horsepower 2,875,000
baht

e natural gas installation costs 650,000
baht

¢ 40-foot container semi-trailer 432,000
baht

e general maintenance costs 7,000 baht
per month

e cost of container truck tires 91,500
baht per year.

e vehicle tax and compulsory motor
insurance 7,810 baht per year

e truck insurance is 27,620 baht per year

e depreciation expense was calculated
from the salvage value of 50 percent of
the vehicle price 2,875,000 + 650,000) x 0.5
= 1,762,500-baht, lifetime of 10 years, so
annual depreciation is equal to (3,525,000—
1,762,500)/10 = 176,250 baht

eaverage natural gas consumption
is 150 kilograms per one trip, number of
transport 6 trips, round trip distance 1,440
kilometers, total distance is 421,920 kilometers
per year. Total cost of natural gas is 4,902,183
baht per year (natural gas price is 18.59 baht
per kilogram as of December 2023) (EPPO,
2024)

Summary of fixed costs of 387,180 baht
per year, natural gas cost 4,902,183 baht per
year, therefore total costs equal to 5,289,363
baht per year.

Greenhouse Gas Emissions Analysis: The
amount of natural gas used is 150 liters per
trip, operating a total of 6 trips per day. In 2023,

there are 293 working days. The greenhouse
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gas emissions coefficient (Emission Factor) is
equal to 2.2472 kg CO2eq per liter (TGO, 2023).
Annual greenhouse gas emissions equal to 150
X 6 X293 x2.2472 = 592,587 kg CO2 per year.

6.1.3 Electric-powered Truck

Cost Analysis:

o CP Foton's car model Auman EST iBlue
280, large tractor truck with battery capacity
of 282 kilowatts (Autospinn, 2023) 5,990,000
baht

esemi-trailer carrying a 40-foot
container, 432,000 baht

¢ general maintenance costs 2,500 baht
per month

e CcOst of container truck tires 91,500
baht per year.

e vehicle tax and compulsory motor
insurance 7,810 baht per year

o truck insurance is 27,620 baht per year

o depreciation expense was calculated
from the salvage value of 50 percent of the
vehicle price (5,990,000) x 0.5 = 2,995,000-baht,
lifetime of 10 years, so annual depreciation
is equal to (5,990,000-2,995,000)/10 = 299,500
baht

e cost of charging battery is in units of
5.5 baht per kilowatt (off peak price as of
December 2023) (EPPO, 2024). The charging
time is 1 hour and can run 200-300 kilometers.
The total distance is 421,920 kilometers per
year. The battery charging cost is 282*5.5%6*293
= 2,726,658 baht per year

Summary of fixed costs of 456,430 baht
per year, battery charging cost is 2,726,658

baht per year, therefore total costs equal to

Vol. 12 No. 1 January - April 2026

3,183,088 baht per year.

Greenhouse Gas Emissions Analysis: The
amount of electricity used is 282 kilowatts per
trip. In 1 day, truck operation data is equal to 6
trips. In 2023, there are 293 working days. The
greenhouse gas emissions coefficient (Emission
Factor) is equal to 0.5821 kg CO2eq per kWh
(TGO, 2023). Annual greenhouse gas emissions
data is 282 x 6 x 293 x 0.5821 = 288,580 kg
CO2 per year.

Comparison of annual costs and
greenhouse gas emissions were shown in
Table 1. Therefore, with concern concerning
both economic and environmental results in
Figure 3, the electric-powered trucks are the
suitable option to invest in the future for this
company. The next stage is to examine the
viability from the perspectives of professional
judgement and financial analysis.

6.2 Feasibility Analysis of Electric-powered
Truck

A feasibility assessment is conducted
by a structured interview with five individuals
who are directly involved in the transportation
unit. Those are a port terminal operation
manager with 15 years of experience, an
equipment maintenance manager with
10 years of experience, a transportation
dispatcher with 15 years of experience, a
customer service with 15 years of experience,
and an accounting manager with 10 years of
experience. The four criteria for consideration

are as follows.
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Table 1 Comparative results of the three types of trucks

[tems

Gasoline-powered

Natural Gas-powered

Electric-powered

A Semi-trailer Truck Price

3,307,000 baht

3,957,000 baht

6,422,000 baht

Annual Depreciation Cost

143,750 baht

176,250 baht

299,500 baht

Annual Maintenance Cost

60,000 baht

84,000 baht

30,000 baht

Annual Fuel Cost

7,895,178 baht

4,902,183 baht

2,726,658 baht

Annual GHG Emission

723,751 kg CO,

592,587 kg CO

288,580 kg CO_

34
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Figure 3 Comparison in Total cost and GHG emission of three types of trucks

1. Environmental criteria include the
reduction of carbon dioxide emissions and
environmental pollution

2. Technical criteria cover electrical
safety, battery efficiency, and the reliability
of electric vehicles

3. Economic criteria consist of initial
investment costs, annual expenses, taxes,
energy costs and useful life

4. Social criteria concern the advantages

to society and social approval

In interviews, experts are asked to
assess the importance of each dimension. The
evaluation findings indicate that the economic
criteria are the most probable choice, with
an average score of 4.32. Meanwhile, the
environmental criteria, technical criteria, and
social criteria demonstrate a high likelihood,
with average scores of 4.20, 4.13, and 4.10,
respectively. It can be seen from the case
study's evaluation results that electric-

powered trucks are highly practical.
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The economics of employing electric-
powered container trucks are being explored
in terms of long-term investments and
expected future returns. Three metrics are
utilized to compute the returns and aid this
company in making investment decisions as
outlined below.

1. Payback Period (PB) is the length of
time an investment reaches a breakeven point.
The initial investment of the electric-powered
truck is 6,422,000 baht. Calculate cash outflows
from maintenance costs, depreciation expenses,
tire costs, tax and insurance, battery charging
costs and average employee salary is 3,423,188
baht per year. The average annual cash inflow
of 5,500,000 baht according to the interview,
thus the average annual net return is 5,500,000
- 3,423,188 = 2,076,812 baht.

PB = Initial investment+Annual net return (1)
= 6,422,000 + 2,076,812 = 3.092

Therefore, payback period is 3.092 years
(3 years 1 month).

2. Net Present Value (NPV) is an economic
measurement that computes the change
between the current worth of incoming and

outgoing cash flows over a defined timeframe.

B CFy CF, CFy
NPV =CRo+ ot e T any @
Where CFO = initial investment, CFt =

net cash flow in year t, r = discount rate. In
this research, the value of ris 10% (Ottovon-
schirach, 2023).

NPV = (-6,422,000) + 1,931,738 +
1,748,688 + 1,582,203 + 1,430,853 + 1,293,945
+ 1,169,540 + 1,057,061 + 954,900 + 863,850

Vol. 12 No. 1 January - April 2026

+ 781,462 = 6,392,239 baht

It was found that the net present value
was equal to 6,392,239 baht, with the net
present value (NPV) being greater than 0,
indicating that it approves the project concept
and finds the investment worthwhile.

3. Internal Rate of Return (IRR) helps
assess the profitability of an investment by
indicating the discount rate that renders the
present value of future cash flows equivalent
to the initial capital outlay, thereby making
the NPV zero.

NPV = (-6,422,000) + 1,629,836 +
1,244,812 + 950,275 + 725,067 + 553,216 +
421,880 + 321,714 + 245202 + 187,154 +
142,845 =0

According to Microsoft Excel's
calculations using the IRR function, the
internal rate of return (IRR) that equates the
net present value (NPV) to zero is determined
to be 18.52%. This IRR value specifies that
the predictable earnings are higher than the
discount rate of 10%, suggesting a potentially
profitable investment opportunity. Thus, it can
be inferred that the investment is worthwhile
and evaluate the possible investments'
18.52% return.

7. Discussion and conclusions

The case study offers container shipping
services on an international level via sea, in
addition to truck-based land transportation.

This study will examine the transportation of

[ o L | v a [ ' 14 o/ 4
mumﬁ‘usaaqmmwmnquamumsmqam’limﬂm (TcL) ag”lunqu 2 F1VUY VYA ILATEIANAENI

COLLEGE OF LOGISTICS AND SUPPLY CHAIN  SUAN SUNANDHA RAJABHAT UNIVERSITY

35



36

NIasufuRnsladafinduasdnnatsisu

trucks between Lat Krabang Port and Laem
Chabang Port, covering a total distance of 240
kilometers for a round trip. Upon analyzing the
statistics of all three categories of trucks, it is
evident that gasoline-powered trucks exhibit
the lowest capital investments, however they
incur the largest fuel expenses and generate
the highest levels of greenhouse gas emissions.
An advantageous aspect is the abundance
of petrol stations and the convenient
accessibility of replacement components.
An inherent drawback arises when the engine
is antiquated, resulting in elevated fuel
consumption. The installation of NGV gas
storage tanks leads to a greater initial
expenditure for natural gas-powered trucks.
The benefit lies in the fact that the cost of
natural gas is one time cheaper than the cost
of diesel (as of December 2023). The drawback
lies in the requirement for frequent
maintenance, leading to increased expenses.
Electric-powered trucks have a somewhat
high initial cost, but their battery charging
expenses are lower compared to other fuel
expenditures. Additionally, they produce the

lowest amount of greenhouse gas emissions.

U7 12 2t 1 wnTIAN - wew 2569

The feasibility study of electric-powered
trucks is deemed extremely feasible based on
the evaluation conducted by senior executives
of this company. The economic analysis indi-
cates favorable outcomes, including a payback
period of 3 years and 1 month, a net present
value of 6,392,239 baht, and an internal rate
of return of 18.52%. These figures demon-
strate that the investment is worthwhile and

attractive for the future.

8. Recommendation
8.1 Recommendations for implementing

This research analyzes cost-related
transportation data and calculates greenhouse
gas emissions for the case study company,
aiming to provide guidance for managerial
decision-making regarding operational changes
aligned with government policies aimed at
reducing national greenhouse gas emissions.
8.2 Future research direction

Energy trends, environmental and social
impacts, and total cost of ownership (TCO)
analyses for multiple models of electric-
powered trucks should be considered for

future research.

_
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Aggregate Production Planning under Production Demand Uncertainty
A Case Study of Cosmetic Company

Sukhuman Rianthong*

_

Efficient production planning is crucial in the cosmetics industry to minimize costs and
meet demand. This research aimed to identify suitable forecasting methods and develop
a cost-minimizing aggregate production planning model for a cosmetics manufacturing company.
The study used a case study approach, collecting data on the demand for skincare cosmetics
over 60 weeks. The data were analyzed to determine the most appropriate forecasting model
by evaluating forecast error metrics. Four forecasting methods were considered: 3-month and
5-month moving averages, simple exponential smoothing, and double exponential smoothing.
The forecasted values were then incorporated into a mathematical model for aggregate
production planning, optimized for cost minimization. The results indicated that simple
exponential smoothing provided the most accurate forecasts, with a mean absolute
percentage error (MAPE) of 27%. The optimized aggregate production plan, assuming zero
initial and final inventory, resulted in a total production cost of 930,661.50 Thai Baht.
Sensitivity analysis highligshted the significant impact of demand and inventory levels on

overall production costs.

Keywords: Aggregate production planning, Production demand uncertainty,
Demand forecasting

Type of Article: Research Article
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Abstract

The purpose of this research was to present a multi-level inventory management
framework designed for a corporate structure with a single distribution center and multiple
branches. The model employs a two-level inventory approach, specifically designed for
handling diverse product categories, by utilizing a hybrid ordering system. At the core of this
framework is a composite inventory policy, denoted as (R, s, S), which effectively manages
product demand using statistical probability distributions—a critical consideration in retail
operations. Additionally, the model accounts for fixed lead times associated with the transfer
of products between the distribution center and its branches, ensuring timely replenishment.
The framework’s efficacy is demonstrated through a case study involving a large coffee shop
enterprise managing 172 distinct products. The case study reveals that the proposed model
not only streamlines inventory planning but also significantly reduces inventory management
costs. When compared to traditional methods, the framework achieves a monthly cost
reduction from 22,849.05 baht, marking a 2.32% decrease. This reduction highlights the model’s
potential for improving operational efficiency and cost-effectiveness across various product
lines. In summary, this approach offers a robust solution for multi-level inventory management,

enabling organizations to optimize their inventory processes and realize substantial cost savings.
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1. Introduction

The full-service coffee shop business is
experiencing rapid expansion and significant
popularity, largely driven by substantial
foreign investments in Thailand. Consequently,
the structure of such businesses in Thailand
typically comprises a fundamental distribution
networkinvolving productimporters, distribution
centers, and retail outlets offering a diverse
range of raw materials and coffee shop
equipment.

This study reveals that the current
coffee shop incurs a high monthly cost of
984,896.71 Baht due to its existing inventory
management system, which based on the
experience of ordering methods, resulting in
inventory shortages that hindered meeting
customer demand across various branches.
This deficiency incurred additional costs for
maintaining inventory and missed opportunities
due to insufficient product availability, thereby
potentially leading to customer dissatisfaction
stemming from inadequate inventory planning.

Consequently, in response to these
challenges, the project’s developers
implemented a two-level inventory
management system (Multi-Product
Two-Echelon Inventory System) tailored for
the coffee shop service center business. This
system involved one distribution center and
three nearby branches, aiming to enhance
inventory distribution planning across multiple
product categories for improved operational
efficiency.

The (R, s, S) inventory policy was chosen

Vol. 12 No. 1 January - April 2026

over other models because of its ability to
address the key challenges of delayed order
fulfillment and high inventory management
costs. As noted by Gocken et al. (2015), this
policy ensures that the reorder point provides
sufficient stock until the next order arrives,
while the order-up-to level determines the
maximum inventory level. This dynamic helps
mitigate the risk of stockouts, which was
a major challenge in fulfilling orders on time.
Additionally, Visentin et al. (2023) highlighted
that the (R, s, S) policy offers a cost-effective
balance between flexibility and control by
reducing system nervousness compared to
(s, S) and achieving better cost performance
than (R, S). This adaptability allows businesses
to adjust order placements based on demand
fluctuations, ensuring inventory availability
while avoiding excessive replenishments.

Furthermore, as mentioned in Visentin
etal. (2021), this model relaxes the assumption
that fixed replenishment costs cover both
review and delivery expenses, making it a
more precise and cost-efficient strategy. By
implementing the (R, s, S) policy, businesses
can strike a balance between maintaining
service levels and minimizing inventory costs,
making it an ideal solution to the identified
challenges.

Additionally, the (R, s, S) policy effectively
controls inventory costs by separating review
and ordering expenses, as discussed in Mely
Permatasari et al. (2017). This distinction makes
the policy particularly useful when managing

high-value or frequently used raw materials,
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as demonstrated in their sample calculation
using MAT25. The policy also provides a more
structured approach to replenishment
compared to (R, S), as it only triggers orders
when inventory falls below the reorder
point, thereby preventing unnecessary stock

accumulation.

2. Research’s Objective
1. Refine inventory management
practices.

2. Reduce overall costs by lowering

U7 12 2t 1 wnTIAN - wew 2569

inventory holding costs by 1-10% and
minimizing unnecessary replenishment
expenses.

3. Enhance branch responsiveness to

customer needs.

3. Conceptual framework

In response to these challenges, the
developers have implemented a two-level
inventory management system which is
designed for the coffee shop service center

business as shown in Figure 1.

(Echelon 1) W/H
e e Tk :
E Retailer1]| |Retailer2 Retailer15 :
i (Echelon 2) E

Figure 1 Two-level inventory system

Muangprom et al., (2020)

This system involved one distribution

center and three nearby branches as shown in

Coffee A
(DC-01)
Coffee A
{DC-02)
Company A

(importer) Coffee A

Coffee A

03 N
ocon) N

Figure 2, for improved operational efficiency.

Branch01
(Loc-o1)

4“444%44

Branch02
(Loc-02)

Branch03
(LOC-03)

Branch04
(LoC-08)

Branch05
(Loc-05) i

End Customers

Figure 2 Framework of supply chain from the selected coffee companies (in red dot line)
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4. Literature review
4.1 Two-level inventory management
involves implementing a policy that governs
a distribution center and N branches under
unified company directives, aiming to minimize
overall costs across these facilities. This approach
varies based on the product types, categorized
as: (1) single product type implementations,
structured as a model for two-level inventory
policies (Silver et al.,, 2016) and (2) multiple
product types, implemented by using a joint
replenishment strategy and developing a
multi-product, multi-echelon inventory control
model (Zhou et al., 2013).

Pasandideh et al. (2018) investigated
a multi-product inventory policy under a
vendor-managed inventory (VMI) system in
a two-level supply chain comprising a single
supplier and multiple retailers. They formulated
thejointreplenishment problem as a constrained
integer nonlinear programming model and
employed a teacher-learner-based optimization
algorithm to solve it.
4.2 Selective inventory management is
a strategic approach within management
practices, involving the categorization of
inventory into subgroups based on their
significance, followed by the application of
suitable inventory management theories
designed to each subgroup. Kumar and
Chakravarty (2015) conducted a study aimed
at enhancing inventory management and
control in a large multi-specialty tertiary care
hospital of the Armed Forces through ABC-VED

analysis. This approach ensures that critical

Vol. 12 No. 1 January - April 2026

and high-value items are closely monitored
and effectively managed.

4.3 The two-level inventory management
policy. This policy involves two distinct levels
(Muangprom et al., 2020), illustrated in Figure
1: Level 1 pertains to the overall inventory
held at the central warehouse, representing
the aggregate inventory for the company.
Level 2 focuses on inventory held at retail
branches, encompassing products currently
stocked and those in transit to the branches.
By using this inventory policies, it can dictate
the timing and quantity of goods procurement
properly. The following are important policies
which include:

4.4 The inventory policy (R, s, S) constitutes
a composite model wherein orders are
periodically reviewed at fixed intervals R
(Silver et al., 2016). Inventory levels are
similarly assessed during these intervals, and
orders are placed when inventory falls to s
units or below. Orders are then initiated to
replenish stock levels up to S units.

The deployment of a two-level
inventory control system entails complexity
in practical applications, which is addressed
through an established model utilized in this
research.

4.5 The mixed ordering system involves
hybrid approaches that facilitate concurrent
handling of diverse inventory types. It allows
for simultaneous inventory level assessments
at regular intervals and determines reorder
points and quantities relative to maximum
inventory thresholds (Rossi, 2021). This
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approach involves preparation costs related
to the simultaneous procurement of products.
This could result in savings on transportation
costs, inspection of incoming goods, and
documentation expenses associated with
ordering processes (Sengjan, 2014).

The study investigates a two-level
inventory model designed to manage multiple
product categories. This model, utilized in
inventory systems where various items are
centralized in a single warehouse, employs the
mixed-item inventory policy (R, sj, Sj) (Visentin
et al.,, 2021). This approach integrates
both single-item procurement policies
and simultaneous procurement policies,
within the framework of two-level inventory
management. This structure involves a central
distribution center responsible for distributing
products to N branches. Based on a compre-
hensive literature review, several significant

case studies in inventory management were

U7 12 2t 1 wnTIAN - wew 2569

identified. One study examined a two-level
inventory storage policy involving a central
warehouse and retail outlets (Muangprom et
al., 2020). A different case study concentrated
on applying a two-tier inventory model made
for a single product type (Sengjan, 2014).
Furthermore, Wongcharoensangsiri (2018)
applies a two-tier inventory model across
multiple product categories, incorporating
a mixed-method approach (R, s, S) for
effective management. Juan and Rene (2020)
conducted a survey that covered multi-level
inventory management strategies, emphasizing
a distribution center servicing multiple
branches amidst uncertain customer demand
dynamics.
4.6 Comparison of reviewed studies

A summary table that compares the
reviewed studies and highlights the novelty

of this research was shown in Table 1.

Table 1 Comparison of Reviewed Studies on (R, s, S) Inventory Policy

(2015)

review period and
order-up-to level

sufficient stock
and cost efficiency

demand fluctuations
or cost breakdown

Study Focus Area Key Findings Limitations Novelty of this
research
Gocken et al. Interdependence of | (R, s, S) ensures Does not address Incorporates

real-world cost
factors and dynamic
demand patterns

(2023)

Visentin et al.

Cost performance
and reduced
system nervousness

(R, s, S) balances
flexibility and
stability better
than (s, S) and
R, S)

Does not separate
review and ordering

costs

Extends the cost
model by distin-
guishing review and
ordering expenses

(2021)

Visentin et al.

Separation of
review and ordering
costs

More precise cost
allocation in
R, s, 9)

Limited empirical
validation

Applies the model
to a real-world case
study with measur-

able improvements
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Table 1 Comparison of Reviewed Studies on (R, s, S) Inventory Policy (Cont.)

Study Focus Area

Key Findings

Limitations Novelty of this

research

Permatasari et
al. (2017)

Application of
(R, s, S) to raw

material inventory

Sample calcula-
tion using MAT25

Focuses on a single | Expands applicability

product type to a multi-product

inventory system

5. Research Methodology
5.1 Study of a two-level inventory system.
The study focuses exclusively on the supply

chain of a coffee company distributing

products to the DC-01 distribution center,
which includes three nearby branches: LOC-01
branch, LOC-02 branch, and LOC-03 branch as

can be seen from  Figure 3.

1 Distribution Center to 3 Retailers

Selective Inventory using VED-ABC

Customer Demand Forecasting

(Exponential Smoothing)

Determine Inventory Control Policy

Calculation of inventory model using related parameters

for multi-echelon for multiple products

Comparison of inventory control model

(proposed vs old model)

Figure 3 Flowchart for research methodology

5.2 Gathering data for the case study
company

The data was collected from February
2021 to January 2022. Total products were 475
SKUs. The complexity of managing product
categories within businesses stems from the
inherent differences across each category,

requiring proper grouping. Additionally, the

valuation of warehouses, as depicted in Figure
3, involves diverse products with varying sales
behaviors. As a result, conducting analysis
using VED (Vital, Essential, Desirable) principles
becomes crucial. The distribution center
houses a total of 475 SKUs valued at 1,897,846
baht, categorized into seven distinct groups:

Espresso Machine, Coffee Grinder, Blender,
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Fruit Concentrate & Syrup, Raw Materials,
Spare Parts, and Yami.

Suggested concepts for inventory
management. In this study, a hybrid ordering
system incorporating an inventory policy
denoted as (R, s, S) is considered. This hybrid
model monitors inventory levels at regular
intervals (R) and initiates orders when levels
drop to or below s units, aiming to replenish
inventory up to S units.

The study has also developed a two-tier
inventory model designed for various product
categories, providing flexibility to manage
different types of inventories simultaneously.

This method enables the simultaneous

Table 2 VED analysis for the coffee shop

U7 12 2t 1 wnTIAN - wew 2569

evaluation of inventory levels and computation
of reorder points and optimal order quantities
relative to maximum inventory thresholds.
5.3 Development of the model: Group-
Selective inventory management.
Group-selective inventory management
combines VED and ABC analyses by first
performing a VED analysis and then reorganizing
the results using ABC classification (Umadevi
& Umamaheswari, 2023). Based on expert
managerial assessment, V products were
categorized as coffee shop machinery, E as
coffee raw materials, and D as consumables
(e.g., cups, lids, napkins, bottles, glasses). VED

analysis shown in Table 2.

Group # SKUs Total product percentage Total product’s value percentage
% 79 16.63 45.89
E 172 36.21 42.08
D 224 47.16 12.03
Total ars 100 100

This study specifically focuses on
product group E due to its high significance,
active nature, and they were coffee raw
materials. However, relying solely on VED
analysis may impact profitability, as certain

products in categories E and D are high-

selling items that contribute significantly
to the company's profits. The product
type and sales volume must be taken into
consideration together, so ABC analysis was

performed afterward.
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Figure 4 Two-level inventory system movement (Thaimanee & Lorchirachunkun, 2011)

5.4 Quantitative Forecast: Exponential
smoothing forecast

Exponential smoothing was chosen for
forecasting due to its ability to handle various
components of a time series effectively,
including level, trend, and seasonality. This
method assigns exponentially decreasing

weights to past observations, giving more

significance to recent data points, making it
particularly suitable for datasets where recent
trends are more indicative of future values.
Batselier and Vanhoucke (2017) highlighted the
importance of assigning greater weight to more
recent tracking periods, which exponential

smoothing accomplishes efficiently.

Table 3 presents a dual-criteria analysis comparing the importance levels to business

operations alongside the average monthly sales volume

average monthly sales volume
A B C Total

Y \Y 17 SKUs 21 SKUs 41 SKUs 79 SKUs
[
g 2 @
g 8 2 E 33 SKUs 53 SKUs 86 SKUs 172 SKUs

4 ©
g3 g
6 ©O
g- L D 51 SKUs 75 SKUs 98 SKUs 224 SKUs

101 SKUs 149 SKUs 225 SKUs 475 SKUs
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Additionally, Svetunkov et al. (2022)
demonstrated the flexibility of the Complex
Exponential Smoothing (CES) model, which
encodes the observed value and error term
as a complex variable, allowing for better
handling of different data patterns compared
to traditional methods.

Furthermore, Barrow et al. (2020)
emphasized the use of robust parameter
estimation techniques, such as M-estimators,
which enhance the accuracy and reliability
of exponential smoothing models. Udenio
etal.(2022) showed that exponential smoothing
models with seasonal components significantly
outperform non-seasonal models under certain
demand conditions, making exponential
smoothing a versatile choice for various
forecasting scenarios. Compared to other
methods like moving average, ARIMA, and
linear regression, exponential smoothing
provides a balance of simplicity, efficiency,
and accuracy, making it a superior choice for
forecasting trend-based, non-seasonal data.

An analysis of 475 product items using
four forecasting methods identified
exponential smoothing as the most suitable
approach due to the trend-based, non-
seasonal nature of the data. This method was
selected for forecasting demand across the

distribution center and three branches.

Fe =F1+ a* (Acy —Fr) (1)

U7 12 2t 1 wnTIAN - wew 2569

where:

F, is the desired forecast value for time
period t,

F_, isthe forecast value for the previous time
period t-1,

a isthe smoothing constant (where 0 < a < 1),

AH is the actual value in time period t-1,

5.5 Measuring forecast error

Various types of error measurements
include Mean Absolute Deviation (MAD),
Mean Squared Error (MSE), Mean Absolute
Percentage Error (MAPE), and Standard Error
(SE).

5.6 Setting inventory policy

In defining the details of the policy,
data from product group categorization will
be evaluated based on two criteria: their
influence on business operations and their
value. This process includes incorporating
forecasted demand values to determine
ordering intervals, safety stock levels, reorder
points, and maximum inventory thresholds at
warehouse levels.

5.7 Calculating costs associated with the
system: inventory control.

Calculating inventory control costs
provides a comprehensive understanding
of the financial implications of managing
inventory, allowing businesses to optimize

their operations and remain competitive.
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Table 4 displays the calculated values using the exponential smoothing method with a

smoothing parameter (Ql) set to 0.5.

Example of forecast value for product list 395
Month Demand Forecast value SE

Feb 955 955 0.00
Mar 1131 1043 7744.00
Apr 1049 1046 9.00
May 1298 1172 15876.00
Jun 856 1014 24964.00
Jul 1155 1085 4970.25
Aug 1458 1271 34875.56
Sep 1340 1306 1181.64
Oct 1125 1215 8156.35
Nov 985 1100 13260.96
Dec 1253 1177 5840.30
Jan 1251 1214 1384.65

Average 12 months 9855.23

This research includes ordering and
storage costs, highlighting their impact on

inventory management and cost optimization

(illustrated in Table 5).

5.8 Two-level inventory management for

multiple product categories

A model designed for multiple product
categories within a coffee company. The

model is structured upon a hybrid system

incorporating a mixed ordering approach,

Table 5 Compiles costs at distribution centers and branches

Expense type Expense
DC Branches (3)
1. Ordering costs a2 38
baht / time baht / time
2. Storage costs 0.015 0.022
per month per month

denoted by a mixed inventory policy (R, s, S)
(Thaimanee & Lorchirachunkun, 2011).
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Given KDq = Expenses for additional orders of

Index (Indices) category j products at the distribution

DC = Distribution center center

i = branch K, = Expenses for additional orders of

j = Product types at the distribution product type v at branch i (set to be
center the same for all branches)

v = Product type at branch th = Expenses for storage of category j

Variable products at the distribution center

L = Lead time (set distribution center h_‘V = Expenses for storage of product
equal to branch) type v at branch i (specified to be

QDQ = The order quantity at which the the same for all branches)
distribution center orders product CDCj = Price of product category j at the
type j at one time distribution center

q, = The quantity ordered at branch i for c = Price of product type v at branch i
picking up product type v from the DDQ = Demand for category j products at
distribution center in a single distribution centers
transaction DL = The average demand over an

s = Level of additional order points for _ uncertain time period during which

category j products at the distribution
center

Additional order point level of product

products of type j need to be ordered
in advance before they are received

at a distribution center.

type v at branch i dLiv="The average demand that occurs

= Maximum inventory level of category during the pre-order period before

0Cj

j products at distribution centers

Maximum inventory level of product

receipt of the product at branch i of
type v.

type v at branch i d = Demand for product type v at the
SSDQ: Safety inventory levels of category j branch
products at distribution centers [OtDQ_] = The number of time periods for

SS = Safety inventory level of product ordering product type j is how many

type v at branch i times TDC1

Parameter [Ol/v] = The number of time periods for

= Expenses for ordering basic products ordering product type v is how many

DCc

at the distribution center times "t" _"i1"

K. = Expenses for ordering basic products [Ol] = Number of ordering periods at one

at branch i (specified to be the same distribution center and N branches

for all branches)
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Decision variable

TDC] = Order times for the most frequently
ordered types of merchandise at
distribution centers

TDCj = Ordering time for category j products
at the distribution center

t = Orderingtime for the most frequently
ordered types of products at branch i

t = Ordering time for product type v at
branch i

R = Ordering time at one distribution
center and N branches

T = Lead times for the most frequently
ordered product types at one
distribution center and N branches.

T = Ordering time at one distribution

center and N branches (specified T=R)
5.9 Calculate the ordering time period.
Ordering is the time of ordering (as
shown in Table 5) and will be considered in the
distribution center and various branches. Can
be calculated from the following equation:
Set j to represent the product type
index at the distribution center. When the

order has been arranged.

TDQ < Toca < Tch <. < TDCN

2Kpc,
Toc = [——— @
/ hocLoc; Cog;

Therefore, to optimize ordering costs, the
parameter

OquwiLL be rounded to an integer, representing
the time interval between orders for type j

products at the distribution center.

T, =

Vol. 12 No. 1 January - April 2026
Toc= |@oc | 7o, 3

Set v to represent the product category in-
dex at branch i when the ordering has been
completed.

ty <st,<ts<..

I
2K
b= [—— @
h/'vdivc/\/

Therefore, the time between orders for goods

<ty

of type v at branch i can be written as
6= la/th/‘I )

Shortest ordering time T, of product type j
1

at the distribution center.

K
oG

2Kpe, +Zjl\i] la J )
i

(6)

Toc,=
S DTN |l )

\

Shortest ordering time ¢ of product type v

at branch i

K] Vv
2Kt 2L Zczzlg, J)
t. = = (7)
1 (2 X h e Lo D)

Therefore, the shortest ordering time T1 of

two inventory levels is given.

( Z/\/ KDL ZM ZN KR_V)
ARpe, + 2uj= la J + Kot =1 2uv=1 la‘
DCJ .

(8)
(Zj/\il th DDC/CDC/ laDgJ)+( Z/Aij Zyzj h,v ¥y la/‘vj)

Therefore, the ordering time (T) at one

distribution center and N branches

T=[afr, 9)

when laDgJ:lava: [OlJ
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5.10 Calculate the point of additional
orders.

It determines the point of ordering
products (as shown in Table 5). When
inventory reaches a predetermined level,
more products will be ordered in the
designated quantity.

The additional order point at the

distribution center will be equal to

Spc,= Px(bog‘aog)+aoq (10)

Where Soc, = additional order point level

P = Service level

Qpe. = minimum demand
J

bpe. = maximum demand
J

The additional order point at the branch

will be equal to

s, =dL;, (11)
wheres = = Additional order point level at
branch i
dL = The average demand that

v

occurs during the time the product is ordered
in advance of the product being received.
5.11 Calculate the amount of safety
inventory.

The quantity of products that need to
be stored to prevent shortages (as shown in
Table 5) due to variations in demand and lead
times. The level of reserve inventory available

only at the distribution center will be equal to

SSpc= Soc; Dloc, (12)

U7 12 2t 1 wnTIAN - wew 2569

5.12 Calculate the quantity of products in
the order
Must order Q quantity of products (as
shown in Table 5) and how much must be
reserved for inventory. The system will then
be able to respond to product demand.
The quantity of products at the

distribution center will be equal to

QDCf DDq laDqJ TDq

The quantity of products at the branch will

(13)

be equal to

q,,= d la/vJ iy (14)

5.13 Calculate the maximum inventory
quantity.

maximum inventory quantity (as shown
in Table 5) depends on the order quantity.
However, to avoid inventory shortages, a
specific quantity of safety stock should be
maintained.

The maximum inventory level at the

distribution center will be equal to

5ch: 550cj+ Qog (15)
The maximum inventory level at the branch
will be equal to

SfV: qiv (16)

5.14 Calculate the lowest cost in inventory
management.

Consider adopting an inventory model.
In order to have the lowest costs (as shown in
Table 5), there is one distribution center, and

a total of 3 branches as follows
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Lowest cost AC',_ _ of product type j at the 5.15 Analyze the results of the study by
distribution center. comparing inventory policies

The comparison of inventory policies
ACDC_\/Z(KDC "’Z/ 1 la

DC/J YL iog; Doc; laDCJ} involves analyzing the mixed inventory policy

N (R, s, S) against the original inventory policy
j=1 Coc Poc, 1

s (T, S). This comparison aims to enhance the
Lowest cost AC*W of product type v at branch  developed model of inventory management,

ensuring it aligns with future business

AC - |2+ Zzl y ZZ hod|a,|) reauirements and effectively meets customer

needs.
+Z/ 12\/ 1 Ciy /\/ (18)

Table 6 Examples of various values regarding the inventory policy in the EA product group at

the distribution center and all 3 branches

Product | Sub TDC DC LOC-01 LOC-02 LOC-03
order | group (DC 01)

SSDC SDC QDC SDC 51 v qDC 51 v 52\/ q2v 52\/ Sjv A}v qav 53\/
395 EA 3 122 140 | 340 | 461 9 165 | 165 | 3 62 62 3 51 51
396 EA 3 47 54 134 | 181 4 65 65 2 a4 44 2 29 29
400 EA 3 21 25 63 84 2 38 38 1 21 21 1 18 18
394 EA 3 21 24 54 75 2 27 27 1 22 22 1 20 20
398 EA 6 31 46 | 352 | 382 7 156 | 156 | 6 | 130 | 130 | 5 | 110 | 110

Table 7 Costs of a two-level inventory model for multiple product categories at a distribution

center and a total of 3 branches

Location Total

(baht per month)

DC-01 962,047.66
LOC-01 377,991.60
LOC-02 237,523.23
LOC-03 195,764.64
1,773,327.13
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Figure 5 Number of product groups in ordering of product group E

6. Results and Discussion
6.1 Ordering time comparison

for the mixed inventory policy (R, s, S)
is shorter compared to the original inventory
policy (T, S). Moreover, the new policy exhibits
increased frequency of orders, facilitating
batch ordering of multiple items simultane-
ously. As illustrated in Figure 5, products can
be grouped into six categories, this ultimately
lowers operational costs and improves
responsiveness to customer demands across
different branches.
6.2 Safety inventory comparison

The analysis of product for group E at
the distribution center (as depicted in Table 6)
reveals that the total amount of safety
inventory (SS) under the mixed inventory
policy (R, s, S) exceeds that of the original
inventory policy (T, S).

Increasing safety stock levels can
mitigate the risk of stockouts and ensure

product availability, thereby enhancing

customer satisfaction and operational
continuity. However, this strategy entails
trade-offs, including elevated carrying costs
and the immobilization of capital that could
be allocated to other strategic initiatives.
Achieving an optimal balance in safety stock
levels is crucial for minimizing costs while
effectively meeting demand. Utilizing precise
forecasting methods, such as exponential
smoothing, can support this balance by
delivering accurate demand predictions
and enabling more responsive inventory
management.
6.3 Comparison of maximum inventory
quantities

The analysis of product group E at the
distribution center (as presented in Table 6)
indicates that the maximum inventory quantity
(S) under the mixed inventory policy (R, s, S)
exceeds that of the original inventory policy
(T, S). This reflects the structured supply chain

of the new policy, which emphasizes adequate

] s fdw v a ! -4 s -4
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distribution to meet customer needs and serve
nearby branches effectively.
6.4 Comparison of lowest costs in inventory
management

The analysis of operating expenses at
the distribution center for product group E
reveals that the two-level inventory model

for multiple product types (R, S, SJ_) yields

Vol. 12 No. 1 January - April 2026

lower costs compared to the original policy,
reducing monthly expenses by 22,849.05 baht,
equivalent to 2.32% (As shown in Table 8).
This outcome demonstrates the applicability
of the developed model to a full-service
coffee shop business, effectively lowering
overall inventory management costs compared

to previous methods.

Table 8 Example comparison of inventory policies in EA product groups at the distribution

center and all 3 branches.

Order Product Sub Group L Old Policy Policy (R, s, S)
days) | 7 Jss |s |7 |ss |s
oc oc bC oc oc | “oc
395 | Coffee Espresso Plus Neo 500¢. EA 2 5 65 329 3 122 | 461
396 | Coffee Espresso Blend 500s. EA 2 10 23 | 201 3 ar | 181
400 | GT-250 Mixed green tea 500¢ EA 2 10 14 98 3 21 84
394 | Coffee Gold Roast Neo 500sg. EA 2 10 20 92 3 21 75
398 | TGM-55 Green tea 500g. EA 2 15 41 | 207 6 31 | 382

Table 9 Comparison of lowest costs.

Group Old Policy (Baht) Policy (R, s, S) (Baht) % Difference
EA 697,046 684,722 1.77%
EB 218,633 210,116 3.90%
EC 69,218 67,210 2.90%
Total 984,897 962,048 2.32%

7. Conclusion

The project implemented a two-tier
inventory control system for various products
within a specific company setup. This includes
a central distribution center and three nearby
branches: LOC-01 branch, LOC-02 branch,
and LOC-03 branch. All these entities operate

under a unified company policy. The project
involves selecting an inventory model derived
from a hybrid system incorporating a mixed
ordering policy (R, s, S), tailored to the statistical
demand distribution patterns of the products.
Based on the comparison of the developed

two-tier inventory model with previous
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research projects focusing on distribution
centers within product group E, an analysis
of four key performance indicators—ordering
time, safety inventory level, maximum
inventory level, and lowest inventory
management cost—yielded significant insights.
Firstly, the model shown a consistent ordering
period, facilitating simultaneous orders for
multiple product types. Secondly, it exhibited
a higher ordering frequency than systems in
previous studies, resulting in elevated levels
of safety and maximum inventory. Thirdly,
cost analysis indicated a reduction in monthly
inventory management expenses by 2.32%,
from 22,849.05 baht initially. These outcomes
underscore the model's efficacy in guiding
inventory management strategies and
optimizing ordering policies to meet the
specific operational needs of the coffee
company.
7.1 Limitations of the Study

The study's limitations include its
reliance on specific data sets and forecasting
methods, which may not be generalizable to
all products. Additionally, the assumption that
past trends will continue may not hold true in
volatile markets. Methodological constraints,
such as specific parameters in exponential
smoothing, could impact the robustness and
accuracy of the results. External factors like
economic shifts,  supply chain disruptions,
or changes in consumer behavior were not
accounted for, which can significantly affect

forecasting accuracy.

U7 12 2t 1 wnTIAN - wew 2569

7.2 Challenges in Scaling the Model
Scaling the model to larger or more
complex supply chain presents challenges
such as data integration from various sources,
ensuring data accuracy and consistency, and
managing increased variability and uncertainty
in demand forecasting. Implementing advanced
technological solutions like real-time data
analytics and machine learning can help, but
they require substantial investment and
expertise. Maintaining visibility and control
over an extensive supply chain network is
crucial for timely decision-making and risk

mitigation.

8. Suggestion
8.1 Recommendations for implementing
Several additional considerations can
be addressed. Firstly, evaluating the inventory
turnover rate provides insight into how
efficiently products move through the system,
complementing existing performance metrics.
Secondly, expanding the analysis to
encompass other inventory-related expenses
beyond ordering and storage costs offers a
comprehensive view of total operational
expenditures. These considerations
collectively contribute to refining the
inventory management framework, ensuring
it remains agile, and cost-effective.
8.2 Recommend for future research
Future research could focus on
optimizing inventory turnover rates to guide
investment strategies and purchase cycles,

while addressing additional costs such as
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transportation and stockout costs. Integrating
inventory management with transportation
route planning and location analysis for new
branches could also be explored further.
Additionally, developing flexible ordering
models tailored to individual branches may

enhance distribution efficiency and provide

Vol. 12 No. 1 January - April 2026

operations.
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Activity-Based Cost Analysis (ABC) for a Truck Freight Transport Service
Providers: A Case Study of Transportation Company
Phitsanulok Province

Hathaithanok Poungyaem'*, Phetcharayud Sae-lee” and Wachira Wichitphongsa®

_

This research seeks to 1) investigate the actual costs of trucking services and 2) evaluate
value-added activities within the freight forwarding process. By applying the concept of
activity-based cost analysis, an evaluation of the value of activities in the transportation
process and the activity-based costing system of a logistics company in Phitsanulok Province was
conducted. The analysis utilized detailed cost accounting data from transportation operations
during 2019-2021, revealing that the costs exceeded the target values set by the company.
The research findings show that the company has five main activities, comprising 21
sub-activities. These include transportation planning 300.11 baht/trip, coordination 3,436.99
baht/trip, vehicle arrangement 3,452.65 baht/trip, soods handling 2,337.58 baht/trip, and
document preparation 1,034.64 baht/trip. The total transportation cost was 10,561.96 baht/trip,
or 364.21 baht/ton, with cost components broken down into fixed costs of 48.67%, variable
costs of 47.11%, and overhead of 4.23%. The coordination required the most time, averaging
23 min/trip/day, with an annual cost of 23,835,514 baht, representing 32.549% of the total costs.
The pre-transportation phase consumed 55.66% of the total time, with an average duration of
13 minutes/trip. Three non-value-adding (NVA) activities accounted for 2 min/trip or 10.38% of
the total time. Reducing these could reduce transportation costs by 17,629,124.16 baht/year,
or 24.07% of the total expenses. Companies should integrate information technology into
their data entry processes to streamline operations, reduce redundancy, minimize processing

time, and decrease the likelihood of errors.
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A Scenario Analysis of a Suitable Long-Term Freight Contract:
A Case Study of a Freight Forwarding Company

Benyatip Luangthongsri™*, Mana Chaowarat® and Pairoj Raothanachonkun®

_

This research aims to 1) study the factors affecting market freight rates (Spot Rates) for
each route of the company from 2020 to 2023 2) to analyze the overall export situation and
industry trends of main customers (Electrical appliances business) 3) to propose a long-term
freight contract model, and a combined model that includes both long-term rates and spot
rates to achieve the most suitable arrangement. From the collection of freight rates and export
volumes of the case study company, the mode of transport is a 40-foot dry or general cargo
container. The routes with high export volume and regular frequency are divided into three
main regions: 1) Asia (92%), 2) Europe (7.12%), and 3) the Middle East (0.88). These regions were
selected as representative routes for collecting freight rates. Data from 2020 is used as the
base year to calculate the international maritime freight service index. The factors influencing
freight rates include the carrier’s shipping costs and crude oil prices, the global economy, and
seasonality (transport demand). Based on these factors, freight rate trends can be divided into
three scenarios: 1) Freight rates increase, 2) Freight rates remain stable, and 3) Freight rates
decrease. The result of the highest possible scenarios is the freight rate increase. From in-depth
purposive interviews with 7 experts, the results indicate that the freight rates are expected to

increase. Therefore, A long-term freight contract should be established.

Keywords: Freight contract, Freight rates, International transportation, Scenario analysis
Type of Article: Research Article
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Strategic Risk Management in Transshipment Operations:

A Case Study of a Logistics Service Provider

A-mornthep Kitdet' and Juthathip Suraraksa’*

_

This research aims to examine business processes, identifies and assesses potential risks,
and develop appropriate risk management strategies. The research employs a case study
approach, focusing on managerial-level employees from Sales, Customer Service, Accounting and
Finance, and Business Development. The primary research tool is a risk assessment framework de-
veloped based on group discussions and expert opinions involved in analyzing the index of item ob-
jective congruence to ensure data accuracy and reliability. Data collection was conducted via online
discussions, and risk levels were categorized into four tiers: Very High (16 points), High (9-12 points),
Moderate (6-8 points), and Low (1-4 points). Subsequently, the researcher will develop a risk
management plan for risk factors classified as high or above to mitigate potential damage
that may arise in the future. The research findings indicate that the transshipment business
process involves the relationship and continuity of work procedures, starting from customers,
sales department, business development department, customer service department,
documentation department, customs brokers department, and accounting and finance
department. Cooperation from each department is required for the operation to be
successfully completed. Moreover, most of the risks were found at a medium level, but
there were some high-risk risks with a risk level of 12 points, including: Lack of coordination
between departments. This risk can be managed by using a digital platform and online
work tracking system to increase coordination efficiency. Lack of knowledge in the
handover process can be managed by creating a mentoring program for new employees
to provide guidance. In addition, the risk level of 9 points includes exchange rate volatility.
This risk is managed by entering into forward contracts to hedge against market volatility.
There is also the unclear and incomplete coverage of import, export and transshipment
regulations, which can be reduced by hiring legal counsel to provide advice on compliance.
Implementing these risk management measures is essential for enhancing operational efficiency,

ensuring regulatory compliance, and minimizing long-term business disruptions.

Keywords: Transshipment, Logistics service provider, Risk management, Risk mitigation
Type of Article: Research Article
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Y]

NAANISHIGNIUN

Y

UAAISRY 91U 2 MU A
335fa 9w 1 v legldnisidenngusiesng
wuuas Tnenguitegnell naudsiumisny
ﬁguwiszﬁwﬁmmiﬁuiﬂ wagdiuszaun1salvingu
Tuwwunuinnin 3 U

4.3 \wiasdieddy

1) n53deaded 1993n15nsziuas
Uszilluanuidessie Risk assessment matrix

2) wuuUssiiuanuidesfinuseanfuan
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Factors Influencing Online Business Entrepreneurs Decision
to Use Shipping Services in Bangkok

Pakawadee Trirasri™* and Piyachat Jarutirasarn’

_

This research aims to 1) study demographic characteristics influencing decision to
use shipping service of online business entrepreneurs in Bangkok 2) study service quality in
reliability and trust, customer responsiveness, quality assurance and empathy affecting the
decision making to use shipping service of online business entrepreneur in Bangkok. Data
collected from online business entrepreneur in Bangkok, a sample of 400 formula-based
calculation result. Using convenience sampling design technique. The research instrument
was questionnaire review by qualified persons which yielded an IOC > 0.70 and distribute
questionnaires directly. Data analyzed by using descriptive statistics and inferential statistics
were t-test, F-Test (One-way ANOVA) and Multiple regression. The finding found that
1) demographic characteristics: frequency of service use affecting to the decision making to
use shipping services at a different degree at a statistical significance level of 0.05. Factor
services frequency affecting to use shipping service 2) Factors service quality such as
reliability and trust, quality assurance and empathy affecting to the decision making
to use shipping service at a different degree at a statistical significance level of 0.05.
Thus freight forwarder will manage relationships closely with online shipping service
entrepreneurs which have frequency of service use and develop service quality to meet

customer needs.

Keywords: Decision to use service, Shipping, Online business entrepreneurs
Type of Article: Research Article

* Corresponding author
! Ramkhamhaeng University, E-mail: 6614970008@rumail.ru.ac.th, jarutirasarn@hotmail.com
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Mobile Grocery Vehicle Business Management with Logistics System:
A Case Study of Mueang District, Lampang Province

Panjaporn Jantawong™,Thagoon Siriyod?, Nalinthip Kongkham?®, Amaporn Pongrungsie®,
Sonthiya Suwannaraj’ and Siraya Janasak®

Abstract

Lampang Province has high elderly population and consumer behavior characterized
by reliance on mobile grocery vehicles, which can conveniently access remote areas. These
vehicles served as a key mechanism in the distribution of consumer goods. However, their
operations still lacked appropriate logistics system. This study focused on the case study
area of Mueang Lampang. This research aims to develop distribution mechanism for
mobile grocery vehicles and to evaluate logistics performance of mobile grocery vehicles
distribution. A purposive sampling method was employed to select 10 vehicles, with data
collected between 2022 and 2024 using in-depth interviews, participant and non-participant
observation, the SCOR model and logistics concepts. The study found that the development
of logistics model focusing on route planning, inventory management, demand forecasting
and vehicle loading layout was suitable for the local context and practically applicable. It led
to a 15.07% reduction in total costs. Customer response time decreased by 33.33%, delivery
lead time by 11.40%, and inventory day for fresh and dry goods by 50.00% and 17.83%,
respectively. Reliability improved, with delivery in full on time increasing by 31.659%,

forecasting accuracy by 14.07%, and return rate decreasing by 20.00%.

Keywords: Mobile grocery vehicle, Logistics system, Distribution
Type of Article: Research Article
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5.4 nMsiaUszanSnmauladanng

dierindannuanuisalunisud uves
aagsialiamnsasudunuldegisiuauay
dulneghadedu ndeuvilarnlunisiundou
Usewmalinganuaindudnselauiunalauay
ammwmwﬁamgﬁmmw@ﬁa Fadordunumia
drAgglun1siaueswgiagIusn (World Bank,
2020) nilslutladeddreinisasudneninaia
WLATU AB AINEINITANITIATIERLaTU ST
Useansnmanuladadng 1USeuliisuiuinuet
WSS eftTaetesdnsUspanifisa i
TusgAvUsEInALarsEauaIna Lﬁ@lﬁ@ﬂssﬂau
nManswigauds eeu wazaunsalitoya
FananwaussuulRivseansnmdady deos
FNalAuATIN TAAIINAINITANITUY T Y
(Christopher, 2016)

esnnisusnisdnnisanuladaind
ATOUARNATINTIUAN V8IN1ATIATIUNTIANTS
PUFUIU I8N kaENSRaUALRIANTINElaves
GlGR Feu ierfunasiinnsgussAuussng
AMENTIUNTARIUINSLATEIAALTIAULMIYF
Faudiumsly ddnladefind nsugpanunssuiiy
FIULALNITTDIS NTENTENANTTU (2556)
ANIUNTIAYIAITIAAINETT 3 TR Usznaumiy
ARAUAUNU TAIUSTEZIA LazdRn1uAy

1) FPfnuszaniaiwdudunu Téun
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The Role of Organizational Management in Sustainable Logistics
and Supply Chains

Manannat Phochanajun*

_

This study aims to (1) examine the role of organizational management in the sustainability
of logistics and supply chains, and (2) test the causal relationship between organizational
management and sustainable logistics and supply chain performance. A mixed-methods
research design was employed. Quantitative data were collected from 400 employees working
in logistics companies operating in Bangkok, while in-depth interviews were conducted with 18
key informants. The research instrument was validated by 3 experts for content validity, with
an Index of Item-Objective Congruence (I0C) of 0.83, which was considered acceptable.
Data were analyzed using path analysis and content analysis. The findings reveal that
(1) organizational management plays a crucial role in enhancing the sustainability of logistics
and supply chains, where strategic management, leadership and organizational culture,
human resource development, and digital management collectively support sustainability
across economic, environmental, and social dimensions; and (2) organizational management
has a significant positive effect on sustainable logistics and supply chain performance.
The interview results further indicate that strategic direction, leadership, and human resource
development are key mechanisms that facilitate the implementation of sustainability practices

in logistics and supply chain operations.

Keywords: Organizational management role, Organizational sustainability,
Logistics and supply chain
Type of Article: Research Article
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vielnssaiaiuguiissednadien mnudidelss
Tnensefiu “unumnisdnnisesdng” wausns
AmuAnNagns N1sasengEuuas InusIsy
BIANT NITHAUIMTNEINTUY B LATTAAIY
#1130 AAOAIUNTIANIAINAUALNTTUIUNTT
Vi’wmiﬁaaﬂﬂé’aqﬁ’uﬂy’ﬂmﬂsdqﬂmu (Neri et al.,
2021)

Tuuiunves nyammwuviuas dadu
AUINAIUATHIAT N1TA WAENITNTEINLFUAT
vousEime anududuvesnansuladaindvinlv
Useiiuanudsdufinnnudidyds Tnoaniznis
Yuddszaraaiie (last-mile delivery) fisfnundy
FuNEe ANALSA LazKaNTENUMUAILINSDN
ouzlfedny Msdeaulaienisdnnms wu g
pankuUIURUUNISABURaEN1TIElATIAT
afuayuinuladafind anunsoeiisdsyAnsnm
n1shivinisuazandunuldediandugusssy
(AUAYUN dUTUUNIU, 2568) uaﬂam‘ﬁ
nsamasunsiaduiuiiqudnuedduduas
mMsvudsdudmunueumgl failnalaenssde
ANAMNEUAN MTaads wasnmsldndsany
Welunsansufuinisladafnduasdnnaneiu
(JLSCO) uansliiiiuinn1seenuuussuuvuas
muaugamginuuiitilagldsnvudauuuvans
gumgdl anunsnannsldidoindauasnisudes
frgideunsvan wieunasnuwUszansninnsli
VN3l Feazviouunumvesnisdanisesdns

Tuiunsnasudfianisuasnisindulaamu
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(msfald Waudu wazaas, 2568) luszdunis
dansnelussAnsiunsinnisladafnddigen
WINNTTUBIANT WarNISHdIUTINYDIYARINT
a'qmam'aamsauzsuaq;ﬁﬁ’u'%mﬂa?m@ﬂéﬁy’q
Mensazmaden Fwmondrinanudiulinns
gnuendulasinisianzia wirmsgnysnis
Judrunilwesszuunsdnnisesdnsedaduy
SPUU (Wsnuiey @521d Lazowsn wiad, 2567)
wuedl nsenseRuanuduvedtadafindluiun
dieadndusdeserdaarusuile nisiiiugua
nazuinnssusumMsnng ieadsaugaszming
Usgdndammaasugiakasnansenunadeny
wardwnday (Plazier et al, 2024)
pg19lsAnNIL INNITNUNINITIUATTY
wudnuideduaudeiuvedladafinduay
dnnareryud1ulng Tnyifnwrdadenu
wialulad nszuIunsladading wieuszansnw
mssudunudundn vaiivnumeesnisianis
sspnsdadunalnddalunistvueiiamadana
gns AU Larn1IHALIANENINYDIYAAINS
galasunisfnwiegnsdnda lagtanigluuiun
vosgsialadafndlussmelne uanaini sy
vdruruundlimnudrfyiunaansfiu
Usgansnmmaasegiaidundn YuEAinIAN
fideuleaunuimnisdanisesdnsfvaussous
audsduredadafnduasdnnanawulufifives
\ATugha Auanden wardsau aunseu Triple
Bottom Line gaillianntdn  Tungummumuns
6’?@Lﬂuguéﬂawﬁaﬂiiﬂa%aaﬂémawizmﬂ ng
sudurusuladafndfosndyauiiniens
ATUAUU N139519F AULDDA UATNANTENU
fodwIndon feu NsANYIUNUINYEINIS
Fanisesrnslunistuindouninudeiunes
Tadafnduardnnansisudafinnuddy dWesn
au1saigesuIgnalnn1sinnisnieluesAns
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NIasufuRnsladafinduasdnnatsisu

fdsnanoaussauzausidu wavyeLfuLi
49971990409AANN 3 LU UNTRIgIN A aRnd
Tudszelne duazihlugnsliundsosdannug
WBN1595UIBUNUINTBINITTANITOIANSH B
arudfuvesladannduazdnnaneuluitui
nyammamuasiiduiiomarwesuszimalne
ol

o/

2. InUILEAYaINTTIY

=

1. WBRNEIUNUIMYDINITIANITDIANS
faAudiduradlaldafndwazdnnangwu

=

2. \NeVAABUANNANTUSITIAINTEINg
UNUINANSIANITOIANSAUANTTOULAIUAIY
Fiuvesladafnduazdnnanoy sIu%ansI9
A0UDVITNAMIUNTOULUIAANITIVY

msdamsdmagnsitaadoly
(Strategic Management. SM)

j AT A TRUETMRIANS
Ty daih (Leadership and
Organizational Culture : LOC

umummsiﬂnﬁjmﬁnsﬁiiauaa’amm
il

ANy EduasaAm Y
FTsat2329Ans (Human Resource

and Capability Development HRD)

(Organizational Management: QM)

mﬂaﬂjsaaﬂauﬂvnwmmi
Tadwiindaznatafu (Digital and
Process Management; DPM)

U7 12 2t 1 wnTIAN - wew 2569

3. FUNAFIUNITIVY

H1: UNUIMNISIRNISeIRnsTidanane
AnudiBu dwadsuanlaenssegalitedfy
o aussauzauanudiiuvedadannduas
FNNAYLIU

4. NTBULUIAANITIY

ﬂia‘uLLmﬁﬂmﬁ%’aﬁa%’wwmﬁugm
wAnves  asfiad Wiy wavae. (2568);
i WEume uaree. (2568); atfyains
Tnwuduns (2566); 3175 Lvesesni wazalgias
9135¥NANIUA (2564); Mohaghegh et al. (2025);
Aksu & Basaran (2025); Osei et al. (2023);
Ali et al. (2022); Shee et al. (2021); Neri et al.
(2021)

Anuadumadsasf
(Economic Sustainability: ECON)

aussimuamdofunaeTadadnduay
Swanma (Sustainable Logistics and
Supply Chain Performance; SLSF)

ardiiuradsday
(Environmental Sustainability: ENV)

audiusudony (Social
Sustainability: SOC)

AN 1 NFBULUIAANISIVY

5. 255unssuiitieados
INMIINUNIITTUNTTUTIABIT0IMNUT
UNUIMYBIN1TIANITOIANTHAINAIATYADNT
Fuindeurnudduvedadafnduardnnataisy
Tunanedid sadunagns naediin nswaun
ningnsuywd uaynsdansidva dedhudy
HaseitanansodmaneaussouraudBures

ladafnduasdnnaisunIunIauLAA Triple

v
v A

Bottom Line fatiu 1uduiisauufndanan

waundunseusufanisideiiensiadeu

AuEITLAL9EIA SIS U TTRN Y

5.1 UNUIMNSIANISaIANSTideraRaAuEsEl

(Organizational Management: OM)
N1549AN1589ANS (Organizational

Management: OM) \Junalnd1fnyfidnasie

a s

ANUENNNSvRIRIANSIUNTSTUIRABUla AN
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wavdmnansiruluganudsBusgradugusssy
mamqmﬁg@amqmwﬁﬂ Aawndon uazdsny
lng OM llddinegiesnisusmsialasaaing
ﬁ’%amiﬁmumuhmaluiwﬁ’ué’u%mimn'wﬁ?u
MNWATINTINSIUANagNS AdwEi Taiussy
29ANT NMITHAUIMTNGINTUUYE MADAIUNIS
Uszandldimaluladuazn1sdnnisnszuiuns
Tadafndethaduszuy esiuszneumaniivh
wihfidenles “Whneuanudidy” Wt
“nsUPURITY” Tumsaliunuvesdnnaneiy
5.2 Msdansidanagnsiitanuidiu (Strategic
Management: SM)
mMsdansdanagnéiiternudsdu vnefs
AMUAINNTVRIUIMTIUNS AR IRy
uleu1y kazfian19n1Ia L iuaIuYesesAns A
aonndastudvneduanudduluszesen
ImmawwmsyjmﬂmiﬂszLﬁué’m%qLmé’amms
derndlilunagnsladafinduasdnnaiisu
nstmuailsunedadesgediiu msudmsany
Fosludnmaneiwy wazn1srvuafid iananis
fflunuitagioununfnmudduludfsg o
wonand udTedUsEdndnudn nsdanis
Fenagns Aflanudaaunazasnnd ey
n15WAsunlamisfivanazainusauiiely
FANABLIU WIVENTEAUNANITANTUINUVD
psAnsuazatuayuamdiduvesinwaeivuly
AN (YN WENNSIE WaTAnY, 2568) Yoy
Gt cdselusyduuunedtin mstvun
nagmsTs i Innuasave siwans LTy
i fdunalndrdalunisdenlesnisdanis
asdnsfunansi Ui uaudduegadu
3¥UU (Mohaghegh et al., 2025)
5.3 annzfiuaziausssuesdnsiiatuayy
AuE B (Leadership and Organizational
Culture : LOC)
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nagukarTausssuesans Ju
parUsznaulangAnssuifiunuinddgse
nstuindeundudedululadafinduas
Fmanoivy Tnefiresdnsiimthitdvuaddon
a¥ausagale uazatduayunsiasuuuas vaued
Jausssuesdnsimiiidunseunnudndaui
Avuasuuuunsdndulawaznisaniivauves
UAAINTLUBIANITUALIATRU BT NNANELYU NANTT
Anwimuin Sausssuesdnsiiatuayunsiious
AMUIINEle wazAINTURAveUsaddIula
druide Sreuiiusziunsysannsiugiaieuen
Lardenaldauandeanssaugaudaiures
Fwnaneiu (Osei et al., 2023) Geagviouin LOC
vhshdususdfyiitisulanagnsan
SafuliAnmadnEIB U TR F a3
5.4 NITHAUINTNEINTUY T wazTAAIY
#7119099989An5 (Human Resource and
Capability Development: HRD)

NTHAUINTNEINTUY LY LazTnaIy
annsavesesdng iugudidglunstuindeu
Tadafnduazdnnaneivuseedsiu Tnsiangly
USunmesmawasuuvasmanaluladuassuuuy
N3ALueTL HRD 9Asaunguienisimunvinye

Y

fava ANNAINITOIUNITARLTITEUU NSINNIS

(%

Uoya warn1suTuUTInszuIunsedesialiles

=

Wlowfinanamouvedesdnslunisiuuufoa
suaudadululdase TasawAdsluuiunves
Usenelnedliiuiinusrominensuyudi
unumandylunsaduayunsidsuriugiaa
Y9909ANT UarteiiueamsalunsUTuA
YpadmaeLvusaan N eNfUAuLYag
(uieyalns Tnvusduns, 2566) wenaind Uit
AUIENASINUIINITHAIUTAAIUEINTAVDY
aeAnshavyaansdIgiasunsimaluladuas
wnUfiRcueudsBululflussfuufoRnsle
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NIasufuRnsladafinduasdnnatsisu

pe19LUTEANSAMN (Shee et al,, 2021)
5.5 N1sAANTsAINALaznsZUIUNISladafnd
agadeBiu (Digital and Process Management:
DPM)

A5IANITAINALALATLUIUNTIAARANS
atedebu Jussduszneuiiviliaudsduia
Juasslusziunmsdniiuey Taensdssygndld

Y]

WwAluladANaTIMAUNITEDNULUUNTEUIUNTS
Tadafndognefiuszansnmthediuarulusdla
ANNEILNTALUNNTRAMINATIAEBY WaznISLY
ningnsegeAuely dnnateiwu lngauide
WBINSEWANET WU NITODNRUUTEUUIUELAY
msdanisnszuunsladafndiiviunzauauise
PrwannsnguLaznsUaneiglsaunsyan
ldegradugusssy FedawalFeuand el
AandounazdununsanlunuYoiesAns
(Asfad WiuNIu uavany, 2568) ueNINd N3
San1sidaiiienlosfuaitusauiliely
FNNAULYUTIFIINTEAUNANITANTUIIULAEY
sa:uLLaxaﬂfuayummsj’ﬁuiuswsma (Rwgrnn
WY LazAy, 2568)
5.6 aussouzAIuANTIBuvadlalafinduas
FNWa19L¥U (Sustainable Logistics and
Supply Chain Performance: SLSP)
PNNTNUNIUITIUNTTUNUI LUIARA
msUszfiuaussauzeudBuredaiafnduay
Finantewuldsunisdneiegeeiiiodusu
Fvafelvl Tnewfunsussifiunadndieenuia
1oun Leswgiia Aundew wazdin Faaenados
AUNTOULUIAA Triple Bottom Line (Neri et al,,
2021; Ali et al,, 2022) @ussauzuaNUSaEy
vesladannduazdnnwanssy laglnseu Triple
Bottom Line (TBL) lngiuifa Triple Bottom
Line (TBL) T¥Uszifiu “aussauzannudsdiu” vos
ladadndunzdnnaneivuiuy auna 3 3§78 loun

U7 12 2t 1 wnTIAN - wew 2569

Asugia Asandon wazdnu Tasauivnisdag
5 Yndlatinnsihuannduiian “sLsp” Lsisgnin
WANAENSNTRY 138 KPI suufuRnisiiiesee
e usidesazviounadnsiodainden uazsil
druladrudenaonnisly (Neri et al., 2021)
SnvsudunsaLns Iaveatnaluuiun
TodafindGueenuuulvinsounqu 3 fAtedn
Fovau wielilduszifiunaziuSauifisunanis
andunulaasddugudviainietslaiading
(Aksu & Basaran, 2025) lunsisundati aussaus
frupudiduvedladafnduazdnnaoiu
arusadalaainduusdunala 3 47 laun
(1) Armdsdumaasegia 1wy n1sandunu
Tadafnduarnsifindszansamniseniuy
(2) Anuddusuduandon Wy nsannsld
WUz NTaANISUaREAUTIUNTEAN LAY
(3) AudeBudiudeny Wy Anudasndely
n13vukazANsuiaveudeiduladIu
e Tnedi

(1) Anudsdunaiesegia (Economic
Sustainability: ECON) i@ ECON lu SLSP axviau
“ANUANAILAZANAINTARYITY” YaeTTUY
Tadafnduazdnmatai InsUussiundniidente
loun nsanduyuladaind nsifiuuszansnm
mslinsnenns uazn1sensedupnuinidedioves
UINI3 %ﬂﬁmﬂ’uﬁ‘ﬁ’ummms,ma’[,ums%’ﬂmgﬂé’ﬂ
wazdIuLUInaInluszazeny (Neri et al,, 2021)
Tuu3una15815 JLSCO udensdiifientunis
Guufiqmuqmqmwgﬁuwﬁ'a@u IAs18UNaans
Baasughafidusiodld wu nisiiuauaans
Ussnﬂ/LﬁmLLazmiamms??um%aqwé’mu
Fadenlosfudunuaeniisresnisvuduas
UsgAnSnmmsuiinis (Asfiad wWiuniu uay
AQLE, 2568) UBNIING TTUFILUANTBBNLUULNES]
ﬁm%aﬂ@ﬁvﬂﬁmmwuﬁla@u SeayouLUIAAIN
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“Funu-ganim-anuseidosvesuing” 1Ju
s1uddnyues ECON wazliudeulalvinisensesu
arwdsBuiuduintuliage (as7s lvesednd
wazalgivs 013¥unanug, 2564) FtTn ECON

a 3

Wy 1) andunuladafnd (Funuvuds/ady/

'
a a

gayde/nasnuseniig) 2) Winussansninuay
ANNEINITALUNTUT T

(2) AudaBudiudeuandau (Environ-
mental Sustainability: ENV) &if ENV LUNaaNS
faANANIZNUADAILING BUARDANTZUIUNTT
1a3afnd Wy n1sanAIsUeY Nsanvauds Lay
n1sldnineinsedneduen lnsawideadielva
iausliiin ENV e KPI iideuleasesuufinnig
(U WAWU/528EN19/ Inan/gunni/idun1g)
dniunadnsidedanedodlunmsinesdnnany
wu (Neri et al,, 2021) wazauidgluansans
JLSCO sunsalfinen “sovudwuiafimnud” wans
Freghan1suseiiu ENV fidau Ao nnssneeu
naann1sUassiea1susulneanlenlususune
wioudeufunisesnwuumaluladuaznisld
ndanulunisufuinisvuds (asfiad wWuniu
LavAnY, 2568) JedzviauLLINg “Taldase
L%mmmaﬁmzw” fimuefuunay SLSP
FT50 ENV 1wy 1) annnsudesnniueu (COze/
fU-nY., CO2e/0DLAB3, NAINIUABNUITITU)
2) anveudouazlininenseeaduan

(3) Ar1udeBududeau (Social
Sustainability: SOC) {f SOC AspUARIYIZIAY
AAgatesiuauazyuvluiaale ledun A
Uandgussu alafRnInLazanInn1syinau
FsITUVTOANUTURAYRURDHIAN WagNITgUa
Ailduladiude wazuudlduanuidelugiu
Scopus £t msin SOC luladafndsingnasias
Saifeuity ENV wifhdsgnudnauunntulfidu
“URs” Tunsusedivaussousvegliuing
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ladaRndnioiminvnanseaedun lnaanigly
viunaunmuinisledaindededsduidmasio
Anuduiusiugnaiazaulinnedassesend
(Ali et al., 2022) wonanil lusugumsanden

1% |

HYgeg1dagy (Feasvioulnuvesinnaigiyw)

i (%

Iayviouianudadududanu (SO0) Huns
vuAnIEes WY dunmuazauUasndey
avduyweyy M3ldwsudiduladubes uas
auduiinvoudediay dudugiudaiianunge
“wandufdin soC” dmdu SLSP alnemse
(5175 lyesedny wavealgies @133wnaniud,

2564) YN
(aURwmn:dalueyinay, nMsudfnuunggIu

SOC 1 1) ANUUADAABLTINIU

ANUUapAAgluNITVINaI, N1SUSIISIANISAINY
OUANINNNTYINU) 2) ANUSURAYIUADEIAL
wawgilduledude

6. AANTUNITIVY
6.1 3ULUUNISIY

Tdn1939uuuunan (Mixed methods
research) $£1I19NTI9ULIUIUN (Quantitative
research) WagNNSITBLTIAUAIN (Qualitative
research) Tagvinii 2 PuuuAvwI Famsiay
Beusaldifionaaeuauduiusidaaing
SEWINUNUIMINTIANITOIANTUALAUTTOULATY
anuduvesladafnduazdnnaneiunnunseu
WNARNTITE Yauzdl MFITedanuawldiie
DUNELAYVYIYAUNANTIATIEATIUSU I
AOUUSUNLTIANTBINITINNITOIANTULAL AT
Durladaindluiuiiane wededissudunis
wajmmuuazﬁmamyjsmmuﬁmﬁmmm
auyiamazmmmL%aﬁasuaawamﬁ%’a

6.2 UsE3nsuaznguiiagig

A C%

Usgr1nsn15398 Ae wunuluusena

a 3 o

aniugsiasuladafind 91wty 46,079 518
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NIasufuRnsladafinduasdnnatsisu

(4 N wAIAY 2568) (NTURLNFINAN1IAN (DBD),
2568) Vet UEwanamdmniaifidadinay
LLawﬁ’wLﬁuﬁﬂﬂismé’ﬂaeﬂuﬁuﬁﬂqamwmmm
Fadugudnansimladafinduaznisnszanedud
V03U TEINA
MvuAUIANGNFIRE 19T UNTITETS
USuna Wielusiusiadeyadisuuuasuany
1#38n5dusnog 1sanuiEniiduiugsioniu
Ia%aﬁﬂa“luﬁuﬁﬂqﬂmwmmm U 10 Ui
wazduntnauaInNLRasuIENULIaY 40 AU
TunduFegvAY 400 Ay dellvuauiiomme
dmiumsiinsgideyanigadfidanyiagnis
A51zAE N1 (Path analysis) vaisdi 15338
Wenaunn IgIEnsAndenglidayadidauuy
191234 (Purposive sampling) $1uulidaya

1Y

d1Any 18 AudloieanedmsunMTinzvideya

a -

BN e INMTITEIBR A NI TuAI

q
= ¥

anve3vayaNINNINTININMeE1N gy
AINATIENNTAEYRUUTEAUNITAIALYLNBID
Hidsaflugsioladafindldetninsoungu uas
aonndesiuuLIMenTTeiananmiiszyinms
dunealidadnUseanns 15-20 augnansalideya
FifigmesnonsinsziUssifiundnvesnisine
(Creswell & Creswell, 2018) IngivunAauU?
voWidoyadiAey liun Juduinisviedd
gruralunsangula Suszaunisainisvinaulu
vsEviuladafnduasdnnwaneu Jussaunised
myvhanulugsiladainduazdnnaeivu lidey
191 5 U wazdunumvdemnuieideddaense
AUNISARUAULEUIY NISUSINTIANTS W8NS
fufunusumiudfuretesdns ileldeya
\BeanTianunsnesuneuazatuayUNan AT
Welsunaulaegramnyau

U7 12 2t 1 wnTIAN - wew 2569

6.3 \n3silaite
dwmsunsidedslTunalduuuasuny
Lﬁa"’imzﬁummﬁmLﬁusuaqgﬁ:mau WUUABUNY
sumsnsaaeuaunsadadenlnedideas
uardiedaiinnuaonadesuenilon (10C=0.83)
uananil wuvasuawialdsunsnaaeuny
Fosfuveanieaile lasdr1anudeduves
wuvaeua1y (Cronbach’s alpha) Wiy 0.91
Beegluseiuiivonsuls ogluinasifimnzay
vl edesioiteiiaesssanldiunisiuses
Bossrumasslusywdnnmhenuisuiiavey
vosiitoneumsiiusiurndoya vausi 3o
To3duganaunlduuudunvaluuuilasaiie
Snvardninlatoda TnoWaundonild
aeandeafiunTouLIANNITITY LAeailon1u
nsmsraaeununNlagiBeIryd Iy 3 Ay
uazlifunansUszidiununimedesilelusydud
6.4 m3iusiusndoya
mafiususudeyalddniunisiiudeya
FUSHNULALLTIAMUA T LUUAYUILNNTIRY LT3
Ysuna Ingguntdnaunusasusenuisay 40
At 533 400 AU WUUARUANKANTUFURUULONENS
wazgluuudiannselindniuanunuivauves
LAy 3E valzl MIATeBsnanmiuTu
Toyamemsdun1walidedn 18 Au N15FUN YRl
fufiunsnauuurdgmiwarsuinsinsing
anuazenveslvdoya titelilaideyaidedni
IatuayuuwagaduIeNanITIATIEMBUIUIN
6.5 NM3ATIEdeya
mMleswiteyadieUsinaldnmsin ey
s (Path analysis) tilevnaauauds
L8981 52 NI TAUNTOULUIAANNTINY
lngldatiAmanmlunsussnnamdnsnaniemss
LAEVNERY YBIUNUMNTTANITOIANTAAIHE
AoanssouzAuaudeBuresladafinduas
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Fwmanoivy vaur?l mIlAseiteyaiBsunm
NSAATIXATIUSEAU (Thematic analysis) 970
Toyan1sduualdedn lnediiunisnonniny
Jomwanvyanszdfey uazduaseiuseiuny
nIOUINANNSITY lpaBuneuazariuayLNans
TasgndaUsnalilianudaulazasnndo
UUSUNYRINSANY

7. HAN157398

7.1 NANN5IBLTIUIU
N93I9UTInalg NSRS AEUNg

ANFUAUS (Path analysis) \ievnaaudvdna
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YOIUNUIWINITIANITOIANT bl ANTIANISITING
qwaﬂﬁammé’a@u (Strategic Management: SM)
AMghiuazIausTNeAns (Leadership and
Organizational Culture: LOC) MINaIUINTNEINT
UYBEIWATTNAIINAINITAVBIDIANT (Human
Resource and Capability Development: HRD)
LaTNSIANISAINALAE NSEUIUNTSIATERNdDENS
a8 (Digital and Process Management: DPM)
fidwasie aussauzduaudBuvedladafind
wazdnwnatewu (SLSP) laglddayaiannngy
0819971 400 AU

A15199 1 NANTSIATIZIDNTNAN N TIVBIUNUINNITINNITOIANTNAIHNAR DANTTOUL AT UAINUITUY
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