J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

n1sdnn1svudsdideauazuuuaulunisiiuyssansainadredsBiuvagliuinisvuds
luszuuldanubugaanssuanmsiuszndalne
Lean and Green Transportation Management for Sustainable Efficiency Improvement

of Transportation Service Providers in Thailand Food Cold Chain

¢ 1% O S g1
sUUITIAL tWBIUITYT HaY AUFWYT B133UNANTUA
Tamonwan Fuangprayoon®” and Natapat Areerakulkan®
Tnendeladafnduazdnnaneisuy inIve1desuigaiuatiun ngunnavuAg

College of Logistics and Supply Chain Management, Suan Sunandha Rajabhat University, Bangkok
"Corresponding Author: s64584923014@ssru.ac.th

Received: April 8, 2025 Revised: May 25, 2025 Accepted: July 30, 2025

UNANLD

n53deilssfnvinansenuvesnsvudsdilsiwagnisvudawuuiuseUseansninnsaiduaieg19dsiu
Yoef u3nsvuddudilussuuldmnuduemsvestszmelng lngldnisideuvunaudd Usznaudenisiiu
FoyaideUSunaangliuinisuuds 408 518 uazdeyalivaaunnanglrdeyadifny 12 18 nslasigvmeluing
aun1slassaine wudhmsvudddenasnisvudauuiudmaludeuindeussansammsiiusnisvudddussuule
audunaznanisiiiuaueted Busgaitedifynadanseau 0.05 Tunaiwauntuiauaonndosiu
FoyaBsuszdng (X2 = 119.077, df = 109, p = 0.240, X2/df = 1.092, RMSEA = 0.015, GFI = 0.969, CFI = 0.997)
LazanansnesUEALLTUTIMTeIudsTuliFesay 74.2 MsvudsdiTordsuszneusenisannisUdesfine ns
Trummugiivssndandany uaznsuszgndmeluladfiduiinsdoduindon Teladuuszansnmmsiniuau
LaznadnsFuAwIndon varfinisuudwuuay Jutunisuiannugaian msuduusadunne uazanusude
Pefiuanuguan Msnovaues uavauideievesnsliuimsvudsdudn namsitetlniuicuselovdid
WasLINMIY NI TEeuLaMs Tnsuumeduliuadndreussansnmluszerdu sasfnumadidoains
wadndidsdandenlusyezen I:umaﬁmmsﬂéﬁlﬂmsauL%aﬂaqwﬁ‘l,ﬁaaiaLaémwmua'qasméfqﬁuﬁwm%’umﬂmi
wudalganuduluussmelng
AdAy: N15YUAULAY, NMsvudsdided, dluInisvudeduen, nanseiuenuegnedsiy, syuuldanuidu

I3

Abstract

This study examines the impact of green and lean transportation on the sustainable performance
of transport service providers in Thailand’s food cold chain. Utilizing a mixed-methods research design,
quantitative data were collected from 408 providers and complemented with qualitative insights from 12
key informants. The research investigates causal relationships among green transportation, lean

transportation, efficiency of transport service in cold chain, and sustainable performance. Structural

- 69 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

Equation Modeling (SEM) results indicate that both green and lean transportation significantly influence
transport efficiency and sustainability, with direct and indirect effects observed at the 0.05 significance level.
The model demonstrated a strong fit (X2 = 119.077, df = 109, p = 0.240, X¥/df = 1.092, RMSEA = 0.015, GFl
= 0.969, CFl = 0.997), explaining 74.2% of the variance in sustainable performance. Green transportation
practices such as emissions reduction, energy-efficient vehicles, and environmentally friendly technologies
were found to enhance operational efficiency and environmental outcomes. Meanwhile, lean
transportation through waste elimination, route optimization and cross-functional collaboration improved
cost-effectiveness, service responsiveness, and delivery reliability. Efficiency of transport service was
measured through indicators such as delivery reliability, traceability, energy savings, and service quality.
Sustainable performance was assessed across economic (cost savings, profitability), environmental (carbon
emissions, energy usage), and social (safety, quality assurance) dimensions. The empirical findings
substantiate the synergistic benefits of integrating green and lean transportation, with lean practices exerting
more immediate effects on operational efficiency, while green practices yield more pronounced long-term
environmental advantages. The study offers a validated conceptual model with high practical relevance,
serving as a strategic framework for logistics practitioners and policymakers to advance sustainable

transportation systems within cold chain logistics in emerging economies such as Thailand.

Keywords: Lean transportation, Green transportation, Transportation service providers, Sustainable

performance, Food cold chain

1. Introduction

The escalating emissions of carbon dioxide and other greenhouse gases (GHGs) have been widely
recognized as primary drivers of global warming and climate change, leading to severe environmental
disturbances worldwide (United Nations Thailand, 2022). Within the logistics sector, the food supply chain,
especially temperature-controlled transportation, has emerged as a significant contributor to these
emissions due to its high energy consumption in refrigeration, packaging, and vehicle operations (Leng et
al., 2024). In Thailand, these concerns are particularly critical. The country’s food cold chain industry is
expanding rapidly in response to increasing demand for fresh and perishable products. However, substantial
challenges remain. According to the Department of Internal Trade (2022), up to 30% of perishable goods
are lost during transport due to delays, inadequate temperature monitoring, and substandard storage
infrastructure. The Office of Trade Policy and Strategy (2022) also noted a 34.1% rise in logistics business
registrations in 2021, yet many operators fail to adopt sustainable logistics practices or align with Sustainable
Development Goals (SDGs). Moreover, Thailand’s cold chain logistics infrastructure ranks 32nd globally
(World Bank, 2023), indicating significant room for improvement in operational efficiency and sustainability
integration.

To address these challenges, the adoption of green and lean transportation strategies has been

increasin recognized as a viable solution. Green transportation emphasizes emission reduction, clean
l d bl lut G t rtat h duct l
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energy, and eco-innovation, while lean transportation targets waste minimization and process efficiency.
These dual strategies can collectively enhance service quality, cost-effectiveness, and environmental
responsibility, particularly in emerging economies like Thailand where logistical inefficiencies and
environmental pressures co-exist. This study is theoretically grounded in the Resource-Based View (RBV)
and the concept of Eco-Efficiency. The RBV explains how firms can leverage internal capabilities such as
green and lean practices to achieve a sustainable competitive advantage. Eco-efficiency provides a
framework for balancing economic performance with environmental outcomes through resource
optimization.

Despite extensive research in advanced economies, two critical research gaps remain. First, there
is limited empirical investigation of green-lean integration in emerging markets, including Thailand’s food
cold chain. Second, the measurement of eco-efficiency in transportation systems remains underdeveloped,
with few models incorporating both environmental and service performance dimensions.

Against this backdrop, the present study aims to develop and empirically validate a SEM that
explores the causal relationships among green transportation, lean transportation, efficiency of transport
service, and sustainable performance in Thailand’s food cold chain. The structure of the paper is as follows:
literature review, research methodology, results, and discussion of the findings and implications. A gap
analysis table is also introduced in the literature review to contextualize this study’s unique contribution
to theory and practice.

The subsequent section reviews theoretical and empirical literature related to green transportation,
lean transportation, efficiency of transportation service in cold chain, and sustainable performance.
Emphasis is placed on identifying research gaps and clarifying the unique context of the Thai food cold
chain.

1.1 Green Transportation

Green transportation has emerged as a multidimensional strategy to enhance both environmental
and operational performance in cold chain logistics, including the use of green energy (Chen et al., 2023;
Zhao et al., 2023; Musolino et al., 2019), technological innovation (Calati et al.,, 2022; Behdani et al. 2019),
route optimization (Li et al.,, 2019; Fang et al,, 2022), and systematic transportation preparation (Khumalo
et al,, 2023; Jovanovic et al., 2020). These elements have been shown to reduce greenhouse gas emissions,
lower operational costs, minimize product spoilage, and enhance delivery reliability. In particular, the
adoption of environmentally friendly vehicles has been shown to significantly support the effectiveness of
green transportation policies in reducing ecological footprints. (Rehman et al., 2023)

1.2 Lean Transportation

Lean transportation is recognized as a strategic approach to improve service efficiency, reduce
costs, and enhance logistics quality by minimizing waste and optimizing transport processes. Core elements
include collaboration, coordination, and efficient resource flow to lower overall transportation costs
(Kurganov et al,, 2021), along with integration, innovation, process flow, inventory control, and waste
reduction (Lobo & Pinho, 2019). These are further supported by multimodal planning, staff collaboration,

and transportation mode shifts (Colicchia et al,, 2017). Improvements in road transport can be achieved
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through goal-setting, technology adoption, effective resource management, and clear communication
(Garza-Reyes et al,, 2017). Lean principles have been shown to enhance operational quality (Kawa et al,,
2019; Kuwvvetli & Firuzan, 2019) and increase responsiveness to customer demands (Ponte et al,, 2018),
particularly when supported by standardized procedures and real-time technologies (Lobo & Pinho, 2019).

While Faheem et al. (2023) and Musolino et al. (2019) emphasize green innovation, renewable
energy, and emission-reducing policies, Koson (2016) focus more on operational practices such as GPS
monitoring, route planning, and minimizing fuel consumption. Similarly, lean transportation is explored in
global contexts using Lean Six Sigma and value stream mapping (Kurganov et al,, 2021), whereas Thai
research often concentrates on waste reduction through staff participation and digital tools in SMEs.

1.3 Efficiency of transportation service in cold chain

Efficiency of transportation service in cold chain is essential for maintaining product quality,
reducing energy use, and enhancing service delivery (Ma & Zhao, 2024). Key contributing factors include
service level, reliability, quality control, management, traceability, and energy efficiency (Kumar, Tyagi &
Sachdeva, 2023; Liao et al,, 2023; Meng et al,, 2023). Reliable service and freshness of perishable goods
depend on timely delivery and accurate tracking (Qi et al., 2022; Samantha, Louise & Jonathan, 2022).
Technologies such as real-time monitoring and traceability systems play a crucial role in minimizing risks
and ensuring quality (Islam & Cullen, 2021, Oskarsdéttir & Oddsson, 2019). Effective management and
energy-saving practices help reduce costs and environmental impacts while preserving product integrity
(Chaitangjit & Ongkunaruk, 2019; Kumar, Tyagi & Sachdeva, 2023). Moreover, cold chain performance aligns
with transportation efficiency factors such as speed, economy, safety, convenience, and punctuality (Bardi
et al,, 2006).

Despite substantial support for green and lean strategies, some studies have reported mixed
outcomes. For example, Jovanovic et al. (2020) found that environmental constraints and lack of incentives
limited green adoption in Canadian SMEs. Similarly, Iranmanesh et al. (2019) noted that lean initiatives
without technological readiness may yield limited improvement. These contradictory findings suggest that
context matters factors such as infrastructure, regulation, and firm capacity, may influence outcomes.

1.4 Sustainable performance

Sustainable performance in cold chain logistics is commonly evaluated through economic, social,
and environmental dimensions (Leng et al., 2024). These pillars are central to sustainability frameworks in
food and agricultural supply chains (Liao et al.,, 2023; Saulick et al., 2023). In cold chain logistics, practices
such as emissions reduction, efficient packaging, and energy-saving technologies are linked to improved
service and competitiveness (Bishara, 2006). Green and lean transportation strategies enhance sustainability
by reducing carbon emissions, improving efficiency, and minimizing waste (Rodriguez et al., 2016).

Cold chain logistics abroad benefits from well-integrated infrastructure and standardized practices
(Kumar et al,, 2023), while Thailand faces challenges such as energy inefficiency, fragmented cold storage
facilities, and inconsistent traceability systems (DITP, 2022). Sustainability performance in advanced
economies is increasingly guided by the Triple Bottom Line (Cetinkaya et al,, 2011). While in Thailand, the

implementation of the Triple Bottom Line framework remains inconsistent, the Stock Exchange of Thailand
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(SET) has attempted to promote transparency through its sustainability reporting guidelines. These
guidelines encourage the preparation of annual sustainability reports that are consistent with the Global
Reporting Initiative (GRI) framework (Arunee & Supakorn, 2017).

1.5 Relationship between green transportation, lean transportation, efficiency of
transportation service in cold chain and sustainable Performance

The literature indicates that green transportation serves as a critical driver in improving the efficiency
of cold chain logistics while simultaneously advancing sustainable performance outcomes. (Sun, Gu & Wu,
2022; Fang et al., 2022). Studies have shown that adopting green transportation can reduce environmental
impacts while simultaneously improving economic and social performance across the cold chain (Trivellas
et al,, 2020; Qi et al., 2020). Similarly, lean transportation contributes to improved process efficiency, waste
reduction, and cost savings, which positively affect both service quality and long-term sustainability
(Kurganov et al., 2020; Al-Refaie et al., 2020). Lean transportation also strengthens performance through
supply chain integration, employee involvement, and continuous improvement (Iranmanesh et al., 2019).
In the cold chain context, lean transportation supports operational efficiency and risk mitigation while
maintaining service responsiveness (Costa et al., 2020; Nedeliakova et al., 2020). Moreover, Lean Six Sigma
approaches have demonstrated strong positive effects on economic, environmental, and social
sustainability indicators (Barcia et al., 2022). The synergy between green and lean transportation enhances
delivery reliability, reduces spoilage and emissions, and fosters sustainable business practices. (Aytekin et
al,, 2024; Ma & Zhao, 2024). Research further confirms that improved transportation efficiency in the cold
chain, measured by factors such as service quality, reliability, and energy savings, directly contributes to
sustainable performance across all three dimensions (Saulick et al., 2023; Zope et al., 2022; Leng et al,,
2024).

Although many studies examine green or lean practices in isolation, few have explored their
integrated effects within emerging economies, especially Thailand's cold chain sector, where current models
of eco-efficiency often emphasize either economic or environmental aspects but lack holistic integration
with logistics service efficiency. Hence, this study addresses the following gaps: 1) Limited empirical research
on combined green-lean transportation strategies in Thai cold chain logistics 2) Insufficient modeling of eco-
efficiency that incorporates service-level variables like reliability and traceability 3) Lack of standardized
metrics linking logistics efficiency to sustainability performance.

Drawing from the RBV and eco-efficiency theory, this study proposes a conceptual model linking
green transportation, lean transportation, efficiency of transportation service in cold chain, and sustainability
performance. The hypotheses are derived from the literature review and are tested using SEM. The research
model includes the following hypotheses: H1: Green transportation directly influences efficiency of
transportation service in Thailand’s food cold chain. H2: Lean transportation directly influences efficiency
of transportation service in Thailand’s food cold chain. H3: Green transportation directly influences
sustainability performance of the transportation service providers in Thailand’s food cold chain. H4: Lean
transportation directly influences sustainability performance of the transportation service providers in

Thailand’s food cold chain. H5: Efficiency of transportation service in cold chain directly influences
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sustainability performance of the transportation service providers in Thailand’s food cold chain. H6: Green
transportation indirectly influences sustainability performance of the transportation service providers in
Thailand’s food cold chain through efficiency of transportation service in cold chain. H7: Lean transportation
indirectly influences sustainability performance of the transportation service providers in Thailand’s food
cold chain through efficiency of transportation service in cold chain.

Against this backdrop, the present study aims to develop and empirically test a SEM that examines
the relationship between green transportation, lean transportation, and efficiency of transportation service
in cold chain as predictors of sustainable performance among transportation service providers in Thailand’s
food cold chain. This research addresses the growing need for stratesgic and operational insights into how
green and lean transportation can be effectively integrated to promote environmental, economic, and

social sustainability in Thailand’s food cold chain.

2. Methodology

Grounded in the theoretical frameworks of the Resource-Based View (RBV) and eco-efficiency
theory, this study investigates the extent to which green and lean transportation practices influence the
efficiency and sustainable performance of transport service providers operating within Thailand’s food cold
chain. To achieve this aim, a conceptual model was developed and empirically tested through a mixed-
methods research design. The study is structured around three core research questions: 1) To what extent
do green and lean transportation practices affect the efficiency and sustainable performance of cold chain
logistics in Thailand? 2) What is the mediating role of efficiency of transportation service in cold chain in the
relationship between green or lean transportation and sustainable performance? 3) What contextual insights
can be drawn from qualitative interviews to enhance understanding of these relationships?

To address these questions, the study adopted a sequential mixed-methods approach that
integrated both quantitative and qualitative components. The quantitative phase involved the
development and testing of a structural model using SEM, while the qualitative phase was designed to
supplement and enrich these findings through thematic content analysis.

The research was conducted between May and October 2024. Quantitative data were collected
from July to September 2024 at the operational premises of cold chain food transport service providers
using truck-based logistics across various regions of Thailand.

2.1 Quantitative Approach

A structured questionnaire was designed based on a comprehensive literature review, comprising
three sections and employing a 5-point Likert scale (1 = Never or almost never, 2 = Rarely, 3 = Sometimes,
4 = Frequently, 5 = Always). The instrument was reviewed and validated by five subject-matter experts,
with an Index of Item-Objective Congruence (I0C) of at least 0.70. Furthermore, a pilot study involving 30
transport firms yielded a Cronbach’s alpha coefficient of 0.933, confirming the internal consistency of the

instrument.
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For the sampling process, the study population comprised 1,015 food cold chain transport service
providers using truck-based logistics in Thailand (Department of Industrial Promotion, Ministry of Industry,
2020). A stratified random sampling strategy was employed based on company size, classified by registered
capital (=10 million THB for large enterprises and <10 million THB for small ones), in accordance with the
criteria of the Department of Business Development. Consequently, the final sample consisted of 408 firms,
which exceeded Hair et al. (2010) recommendation of 10-20 respondents per variable for SEM analysis,
based on 17 observed variables.

Data collection was conducted with appropriate ethical clearance and administrative approvals. An
overall response rate exceeding 80% was achieved. Non-response bias was minimized through follow-up
procedures and comparative analysis between early and late respondents. The data were analyzed using
SPSS (George et al., 2019) for descriptive statistics, including skewness, kurtosis, and Pearson’s correlation
coefficients (George & Mallery, 2019). AMOS software was used for SEM analysis, employing the Maximum
Likelihood Estimation (MLE) method to assess model fit using standard indices such as chi-square (X2), Root
Mean Square Error of Approximation (RMSEA), Goodness-of-Fit Index (GFI), Adjusted Goodness-of-Fit Index
(AGFI), Comparative Fit Index (CFI), and Root Mean Square Residual (RMR) (Hair et al., 2010; Kline, 2016).

2.2 Qualitative Approach

To deepen the understanding of the quantitative findings, qualitative data were collected from 12
key informants selected through purposive sampling, including representatives from logistics service
providers, academic experts in logistics and supply chain management, and clients of cold chain food
logistics services. Semi-structured interviews were conducted and audio-recorded with prior consent.
Moreover, an interview guide comprising 15 questions was developed, derived from the significant variables
identified in the SEM model. The interviews were transcribed and analyzed using a two-cycle coding process:
initial open coding to identify emerging concepts, followed by axial coding to group these into overarching
themes. To ensure analytical rigor, intercoder reliability was verified by an independent reviewer, and
triangulation was employed to cross-validate findings across respondent groups.

Therefore, this mixed-methods design enabled a robust and holistic exploration of the relationships
among green transportation, lean transportation, efficiency of transport services, and sustainable

performance in Thailand’s food cold chain.

3. Results

The quantitative analysis investigates the impact of green and lean transportation on the
sustainable performance of transport service providers in Thailand’s food cold chain. The findings comprise
descriptive statistics, model fit evaluation and SEM, complemented by qualitative insights from industry

experts to provide a comprehensive view of the key factors driving sustainable performance.
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3.1 Quantitative research results

The empirical results were derived based on a research conceptual framework developed through
the literature review. Descriptive statistics are presented for the observed variables, including measures of
central tendency and relationships among constructs. Model fit indices are assessed to evaluate the
adequacy of the measurement model. SEM results reveal the causal impacts of green transportation, lean
transportation, and efficiency of transportation service in cold chain on sustainable performance. The
revised structural model further delineates the enhanced causal relationships among these factors within
the context of transportation service providers in Thailand’s food cold chain.

Table 1 shows the descriptive analysis of the distribution of observed variable for each latent
variable used in the research is shown. Descriptive statistics used were mean (X ), standard deviation (SD),
skewness (Sk), kurtosis (Ku), and coefficient of variation (% CV). The criteria for evaluating normal distribution
of data were skewness and kurtosis. The skewness must be between -3 and +3 and the kurtosis must be
less than 10 (Kline, 2011).

The descriptive statistics reveal consistently high mean scores across all observed variables for
Green Transportation (GT), Lean Transportation (LT), Efficiency of Transportation Service in Cold Chain (ET),
and Sustainable Performance (SP), with most mean values above 3.80. This indicates a strong level of
implementation of sustainable logistics practices among the participating cold chain transport firms.
Sustainable Performance items (SP1-SP3), in particular, show the highest average ratings (up to 4.18),
reflecting broad consensus on their significance. The relatively low standard deviations and coefficients of
variation (generally under 20%) demonstrate a high degree of response consistency. Additionally, skewness
and kurtosis values fall within the acceptable ranges (Skewness: -3 to +3; Kurtosis < 10), confirming normal
distribution and the appropriateness of the data for further structural analysis (Kline, 2011). Most variables
exhibit slight negative skewness, suggesting a general tendency toward favorable perceptions.

In Addition, the results revealed statistically significant differences in mean scores for Green
Transportation and Efficiency of Transportation Service in Cold Chain. Specifically, large enterprises reported
significantly higher levels of Green Transportation (M = 4.05, SD = 0.67) than small enterprises (Mean = 3.85,
S.D. = 0.76), t(406) = 2.96, p<0.01. Similarly, Efficiency of Transportation Service was rated higher among
large firms (Mean = 4.14, S.D. = 0.70) than small firms (Mean = 3.98, S.D. = 0.73), t(406) = 2.47, p<0.05.

Furthermore, correlation analysis of the 17 observed variables indicated that 136 pairs were
statistically significant at the 0.05 level, with positive coefficients ranging from 0.368 to 0.829, indicating
strong directional alignment among constructs. The Bartlett’s Test of Sphericity (X2 = 8507.373, df = 136, p
= 0.000) confirmed that the correlation matrix significantly differs from the identity matrix. This finding,
supported by a high Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy (0.940), affirms the suitability
of the dataset for SEM. These findings provide a solid foundation for subsequent multivariate analysis and
support the theoretical integration of green and lean transportation with efficiency of transportation service
in cold chain and sustainable performance. Thereafter, the coefficient correlation analysis of observed

variables is shown in Figure 1.

- 76 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

Table 1. Descriptive Analysis of Observed Variables

Variable Mean S.D. Max Min % C.V. Skewness Kurtosis

Green Transportation (GT)

GT1 3.95 0.70 5.00 1.67 17.72% -0.33 -0.39
GT2 3.97 0.71 5.00 1.33 17.88% -0.44 -0.37
GT3 3.95 0.73 5.00 1.00 18.48% -0.42 -0.45
GT4 3.96 0.78 5.00 2.00 19.70% -0.42 -0.24

Lean Transportation (LT)

LT1 3.88 0.76 5.00 1.33 19.59% -0.50 0.86
LT2 391 0.75 5.00 0.67 19.18% -0.44 -0.12
LT3 3.81 0.80 5.00 1.00 21.00% -0.43 -0.16
LT4 3.83 0.78 5.00 1.67 20.37% -0.32 -0.54

Efficiency of Transportation Service in Cold Chain (ET)

ET1 4.02 0.78 5.00 1.33 19.40% -0.64 -0.09
ET2 4.04 0.77 5.00 1.33 19.06% -0.67 0.03
ET3 4.05 0.69 5.00 1.00 17.04% -0.66 0.38
ET4 4.06 0.68 5.00 2.00 16.75% -0.45 -0.53
ET5 4.05 0.71 5.00 1.67 17.53% -0.55 -0.23
ET6 4.05 0.69 5.00 0.67 17.04% -0.61 0.46

Sustainability Performance (SP)

SP1 4.13 0.78 5.00 1.00 18.89% -0.76 0.11
SP2 4.16 0.76 5.00 1.75 18.27% -0.72 -0.34
SP3 4.18 0.72 5.00 1.33 17.22% -0.81 0.21

The correlation coefficient of the 17 observed variables of the measurement model indicated that
correlation of 136 pairs of variables was statistically significant at the level of 0.05 with the values greater
than zero. The correlation coefficient also showed positive relationships between the variables, which were
in the same direction, with values ranging from 0.368 to 0.829. The Bartlett's Test of Sphericity showed the
values of Chi-square = 8507.373, df = 136, and p-value = 0.000, indicating that the correlation matrix differs
from the identity matrix at a statistical significance level of 0.05. This is consistent with the result of the
Kaiser-Meyer-Olkin (KMO) test which showed the value a of 0.940. This proves that the variables were highly
correlated and suitable for use in the analysis of SEM. The coefficient correlation analysis of observed

variables is shown in Figure 1.
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Correlation Coefficient

Variable
LT LT2 LT3 LT4 GT1 GT2 GI3 GT4 ET1 ET2 ET3 ET4 ET5 ET6 SP1 SP2 SP3

LT1 1.000

LT2 0.804" 1.000

LT3 0774 0.789" 1.000

LTa 0.696™ 0.741" 0.767" 1.000

GT1 07757 0.766™ 0.778" 0.788" 1.000

GT2 0.637" 0.669" 0.639" 0.614" 0.745" 1.000

GT3 0.6227 0.673" 0.648™ 0.716™ 0.684™ 0.705™ 1.000

GTa 05217 0.602™ 0.576™ 0.570™ 0.612" 0.706™ 0.702" 1.000

ET1 0.680" 0.643™ 0.719" 0.641" 0.653" 0.666™ 0.644" 0.597" 1.000

ET2 0.698" 0.667" 0.699™ 0.641" 0.681" 0.637" 0.655™ 0.573" 0.818" 1.000

ET3 0.740" 0.700™ 0.752" 0.705" 0.748™ 0.726™ 0.734" 0.652™ 0.829" 0.902" 1.000

ET4 0.657" 0.620" 0.679" 0.626" 0.646" 0.553" 0.609" 0.542" 0.654" 0.698" 0.816" 1.000

ETS 0.584" 0.566™ 0.636" 0.576" 0.567" 0.468™ 0.550" 0.467" 0.586" 0.636™ 0.730" 0.957" 1.000

ETE 0.6937 0.635" 0.739" 0.616" 0.6917 0.570" 0.5917 0.520™ 0.723" 0.726" 0.764" 0.739" 0.694™ 1.000

SP1 0.726" 0.777" 0.728" 0.702" 0.710" 0.634" 0.661" 0.632" 0.704" 0.659™ 0.724" 0.668" 0.586™ 0.697" 1.000

sp2 0.579" 0.578" 0.643" 0.628" 0.549" 0.368" 0.486" 0.492" 0.521" 0.522" 0.551" 0.538" 0.496" 0.593" 0.662" 1.000

SP3 0.500" 0.559™ 0.597" 0.6117 0.644™ 0.652" 0.582" 0.597" 0.536™ 0.537" 0.609™ 0.468™ 0.3717 0.552" 0.543" 0.422" 1.000
x 3.88 391 382 3.84 3.95 3.97 3.95 3.96 4.02 4.04 4.05 4.06 4.05 4.05 4.13 4.16 4.18
SD. 0.76 0.75 0.80 0.78 3.96 0.68 0.711 0.73 0.78 0.77 0.70 0.68 0.71 0.69 0.78 0.77 0.72

Bartlett's test of Sphericity: Chi-Square = 8507.373, df = 136, p-value = 0.000, KMO = 0.940

Remark: **p<0.01

Figure 1. Correlation Matrix, Mean, Standard Deviation of Observed Variables of the Measurement Model

From Figure 1, the correlation matrix reveals significant positive relationships among all latent
variables (p<0.01), indicating that the observed variables are directionally aligned and theoretically
coherent. In particular, the correlation between lean transportation and efficiency of transportation service
in cold chain is notably strong (r = 0.684), suggesting that efforts to streamline transportation processes,
such as route optimization and waste reduction, are closely associated with improvements in service
reliability, responsiveness, and overall transport quality. Although the correlations between green
transportation and other variables are slightly lower, they are still statistically significant and meaningful
(e.g.,, r = 0.638 with efficiency of transportation service in cold chain). This finding reflects the influence of
environmentally responsible practices, such as emissions reduction and the use of energy-efficient
technologies, on service outcomes. Furthermore, these interrelationships reinforce the structure of the
conceptual model and confirm that both green and lean practices play a significant role in enhancing
transport service efficiency as well as sustainable performance. The findings affirm the adequacy of the
measurement model for SEM and highlight the practical synergy between lean and green approaches in
advancing cold chain logistics in Thailand.

From Tables 2 and 3, the SEM analysis of causal relationships among green transportation
management, lean transportation management, and efficiency of transportation service affecting sustainable
performance of transportation service providers in Thailand’s food cold chain indicated that the goodness
of fit of the model was satisfactory. This is based on fit index assessment which showed Chi - Square =
119.077, df = 109, and p-value = 0.240. Moreover, )(2 was greater than 0.05 at a statistical significance level
of 0.05 and Y*/df = 1.092 which was less than 2. In addition, the other indices RMSEA = 0.015 and RMR =
0.018 had the values close to zero and GFI = 0.969, AGFI = 0.957, CFl = 0.997 had the values close to one.

This proves that the SEM of causal relationships among green transportation management, lean
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transportation management, and efficiency of transportation service affecting sustainable performance of
transportation service providers in Thailand’s food cold chain was valid. The analysis showed positive factor
loadings for each variable greater than zero at a statistical significance level of 0.05. The variable with the
highest factor loading was environmental performance at 0.853, while the variable with the lowest factor
loading was Integrated Transportation at 0.592.

The confirmatory factor analysis (CFA) conducted for the four latent constructs, namely Green
Transportation (GT), Lean Transportation (LT), Efficiency of Transportation Service in Cold Chain (ET), and
Sustainability Performance (SP), demonstrated strong construct validity and model fit. All observed variables
had standardized factor loadings (B) exceeding 0.60, which meets the threshold for convergent validity (Hair
et al, 2010). The reliability and validity of each construct were further confirmed through composite
reliability (CR) and average variance extracted (AVE) calculations. Specifically, all constructs had CR values
greater than 0.70 and AVE values exceeding 0.50. For example, GT reported a CR of 0.872 and an AVE of
0.594; LT showed CR = 0.843 and AVE = 0.563; ET yielded CR = 0.917 and AVE = 0.649; and SP had CR =
0.899 and AVE = 0.742. These results confirm the internal consistency and convergent validity of the

measurement model and support its use for subsequent structural equation modeling (SEM).

Table 2. Fit Index Analysis

Fit Index Criteria of Before Model Modification After Model Modification
Acceptable Fit Value Assessment of Fit Value Assessment of Fit
X2 p>0.05 0.000 Not Acceptable 0.240 Acceptable
X% df < 2.00 3.517 Not Acceptable 1.092 Acceptable
GFI > 0.90 0.900 Acceptable 0.969 Acceptable
AGFI > 0.90 0.864 Not Acceptable 0.957 Acceptable
CFI > 0.90 0.923 Acceptable 0.997 Acceptable
RMSEA < 0.05 0.076 Acceptable 0.015 Acceptable
RMR < 0.05 0.023 Acceptable 0.018 Acceptable
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Table 3. Results of SEM Analysis

Variable b B S.E. t (CR.) R? Factor Score
GT1 0.672 0.612 0.053 12.573%** 0.375 0.089
GT2 0.896 0.817 0.055 16.172%** 0.667 0.336
GT3 0.733 0.640 0.056 13.027*** 0.410 0.105
GT4 1.000 0.845 <> <> 0.714 0.376
LT1 0.755 0.648 0.058 13.097*** 0.420 0.111
LT2 0.686 0.592 0.058 11.863%** 0.350 0.067
LT3 1.009 0.823 0.062 16.397*** 0.678 0.320
LT4 1.000 0.831 <> <> 0.690 0.342
ET1 1.217 0.763 0.086 14.209*** 0.582 0.114
ET2 0.206 0.772 0.084 14.438*** 0.595 0.125
ET3 1.025 0.730 0.075 13.679*** 0.533 0.119
ET4 1.031 0.743 0.074 13.857%** 0.552 0.167
ET5 0.986 0.683 0.077 12.861*** 0.467 0.078
ET6 1.000 0.713 <--> <--> 0.508 0.144
SP1 1.000 0.838 <--> <--> 0.703 0.356
SP2 0.883 0.755 0.053 16.775%** 0.570 0.189
SP3 0.941 0.853 0.048 19.542%** 0.727 0.298

Chi-Square (CMIN) = 119.077, df = 109, p-value = 0.240, RMSEA = 0.015, GFI =0.969, AGFI = 0.957

Remark: B refers to factor loading, R2 refers to coefficient of determination, p< **0.001, the symbol <- ->

refers to constrained parameters, therefore S.E. and t (C.R.) values are not reported.

Additionally, the coefficient of determination of the variables (R*)used to explain the covariance of
the causal relationship model of green transportation management, lean transportation management, and
efficiency of transportation service affecting sustainable performance of transportation service providers in
Thailand’s food cold chain had values ranging from 0.350 to 0.727. The R? of each variable is described as
follows:

- Green Transportation (GT) which consisted of 4 observed variables had factor loadings
ranging from 0.612 to 0.845, which were statistically significant at the level of 0.05. The observed variable
with the highest factor loading was transport preparation (GT4) which had a factor loading of 0.845 and a
higher covariance than other variables (R* = 0.714).

- Lean Transportation (LT) which consisted of 4 observed variables had factor loadings
ranging from 0.592 to 0.831, which were statistically significant at the level of 0.05. The observed variable
with the highest factor loading was collaboration (LT4) which had a factor loading of 0.831 and a higher
covariance than other variables (R* = 0.690).

- Efficiency of Transportation Service in Cold Chain (ET) which consisted of 6 observed
variables had factor loadings ranging from 0.638 and 0.772, which were statistically significant at the level
of 0.05. The observed variable with the highest factor loading was reliability (ET2) which had a factor loading
of 0.772 and a higher covariance than other variables (R* = 0.595).
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- Sustainability Performance (SP) which consisted of 3 observable variables had factor
loadings ranging from 0.755 to 0.853, which were statistically significant at the level of 0.05. The observed
variable with the highest factor loading was environmental performance (SP3) which had a factor loading
of 0.853 and a higher covariance than other variables (R* = 0.727).

From the SEM analysis of causal relationships among green transportation management, lean
transportation management, and efficiency of transportation service affecting sustainable performance of
transportation service providers in Thailand’s food cold chain, it was found that the variance of the
performance of transportation service providers in Thailand’s food cold chain could be explained by all
variables in the model at 83.90%. The factor loadings of all variables were greater than zero and positive

at a statistical significance level of 0.05. The causal effect analysis of the variables is presented in Table 4.

Table 4. The Causal Effect Analysis of green transportation management, lean transportation management
and efficiency of transportation service affecting sustainable performance of transportation service

providers in Thailand food cold chain

Dependent Variable

Independent Variable Effect Efficiency of Transportation Sustainability Performance

Service in Cold Chain (ET) (SP)
R? 0.839 0.742

Green Transportation (GT) DE 0.307** 0.319**

IE - 0.093%**

TE 0.307** 0.412%*

Lean Transportation (LT) DE 0.399** 0.342%*

IE - 0.121%**

TE 0.399** 0.463**

Efficiency of Transportation Service in DE - 0.303**

Cold Chain (ET) IE - -
TE - 0.303**

Chi - Square = 119.077, df = 109, p-value = 0.240, Y %/df = 1.092, RMSEA = 0.015, RMR = 0.018, GFI = 0.969, AGFI =

0.957, CFI = 0.997

Remark: **p<0.05, the symbol (-) means that there is no path for parameter estimate according to the

hypothesis.

From Table 4, the main findings are as follows:
- Green transportation had a direct effect on efficiency of transportation service in Thailand’s
food cold chain of 0.307 at a statistical significance level of 0.05. Hence, H1 was confirmed.
- Lean transportation had a direct effect on efficiency of transportation service in Thailand’s

food cold chain of 0.399 at a statistical significance level of 0.05. Thus, H2 was supported.

-81-



J3T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

- Green transportation had a direct effect on sustainability performance of the transportation
service providers in Thailand’s food cold chain of 0.319 at a statistical significance level of 0.05. Therefore,
H3 was accepted.

- Lean transportation had a direct effect on sustainability performance of the transportation
service providers in Thailand’s food cold chain of 0.342 at a statistical significance level of 0.05. As a result,
H4 was affirmed.

- Efficiency of transportation service in cold chain had a direct effect on sustainability
performance of the transportation service providers in Thailand’s food cold chain of 0.303 at a statistical
significance level of 0.05. Consequently, H5 was substantiated.

- Green transportation had an indirect effect on sustainability performance of the
transportation service providers in Thailand’s food cold chain through efficiency of transportation service in
cold chain of 0.093 at a statistical significance level of 0.05. Accordingly, H6 was validated.

- Lean transportation had an indirect effect on sustainability performance of the
transportation service providers in Thailand’s food cold chain through efficiency of transportation service in
cold chain of 0.121 at a statistical significance level of 0.05. Therefore, H7 was accepted.

- The results in Table 4 reveal that both green and lean transportation have a significant
positive impact on the efficiency of transportation service in cold chain. However, Lean Transportation had
a stronger direct effect on Efficiency (B = 0.399) than Green Transportation (B = 0.307), indicating that lean
practices such as route planning and collaboration have a more immediate operational impact, whereas
green practices offer longer-term environmental benefits.

Modified structural equation model is shown in Figure 2.

Green Energy (GT1)

’ S

Traceability (ETS) R 71y

oms
Management (ET4) /
0683 /

Figure 2. Modified Structural Equation Model of Causal Relationships among Lean Management, Green
Transportation Management, and Efficiency of Transportation Service in Cold Chain on Sustainable

Performance of Transportation Service Providers in Thailand’s Food Cold Chain
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3.2 Qualitative research results

The qualitative findings derived from in-depth interviews with key informants reinforce the
quantitative results and provide a comprehensive understanding of the factors influencing sustainable
performance of transport service providers in Thailand’s food cold chain.

Green transportation was consistently perceived as a critical factor enhancing service efficiency and
sustainable performance. Key informants emphasized the importance of preparation processes such as
temperature-controlled packaging, quality control, and waste reduction. The integration of advanced
technologies including GPS, Al-based route planning, temperature monitoring sensors, and Transport
Management Systems (TMS) was highlighted as a means to improve accuracy, reduce emissions, and
optimize operations. While green energy adoption (e.g., electric vehicles, solar power) was acknowledged
for its long-term sustainability impact, cost and infrastructure limitations were noted as ongoing challenges.

Lean transportation was identified as having a direct and substantial impact on service efficiency
by reducing waste, operational time, and costs. Informants stressed the importance of cross-functional
collaboration, digital integration, and organizational learning. Lean practices contributed not only to
economic performance but also to environmental sustainability by minimizing unnecessary transport trips
and improving fuel efficiency through route optimization and recyclable packaging.

Efficiency of transportation service in cold chain was linked to sustainable performance in three
dimensions: 1) economic (cost reduction, improved profitability), 2) social (worker safety, food quality), and
3) environmental (energy savings, emission reduction). Enhanced service reliability was found to increase
customer trust and market competitiveness, while the use of digital tracking and real-time data improved
transparency and traceability.

When comparing green and lean transportation, most participants agreed that lean practices had a
greater immediate impact on operational efficiency, while green practices played a more prominent role in
enhancing long-term environmental sustainability and corporate image. The optimal approach lies in the
strategic integration of both paradigms.

Finally, beyond green and lean transportation, informants identified digital technology adoption,
supply chain collaboration, and compliance with international standards (e.g., ISO 14001, HACCP, Q Cold
Chain) as key enablers of both service efficiency and sustainable performance. These factors collectively
strengthen competitive advantage and support long-term business resilience.

The qualitative findings provided substantial contextual confirmation of the statistical relationships
identified through SEM. For example, the strong path coefficient from lean transportation to efficiency of
transportation service (B = 0.399) was echoed in informant narratives emphasizing the importance of route
optimization, reduction of delivery time, and collaborative logistics planning. One respondent noted, “We
streamlined our routes and coordinated pickups, which cut delivery time by almost 30%.” Similarly, the
moderate but significant effect of green transportation (B = 0.307) was reinforced by multiple stakeholders
who cited the impact of adopting fuel-efficient vehicles and cold-chain-compatible electric trucks. A logistics

manager stated, “Switching to energy-efficient vehicles helped us reduce our costs and improve cold
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retention.” These qualitative insights demonstrate alisnment with the quantitative findings and affirm that
both lean and green practices contribute meaningfully to improving service efficiency and sustainability.
Notably, lean practices tend to yield more immediate operational benefits, while green practices may
support longer-term environmental outcomes. This integration of quantitative and qualitative data
reinforces the validity of the conceptual model and enriches its practical interpretation within Thailand’s

food cold chain.

4. Discussion

The structural equation model (SEM) analysis confirmed that the proposed model, which comprises
green transportation, lean transportation, and efficiency of transportation service in the cold chain as
predictors of sustainable performance, demonstrated a good fit (X2 = 119.077, df = 109, p = 0.240, X?/df =
1.092, RMSEA = 0.015, GFI = 0.969, CFl = 0.997). This model explained 74.20% of the variance in sustainable
performance among transportation service providers in Thailand’s food cold chain. Both green and lean
transportation significantly influenced sustainable performance, either directly or indirectly. Notably, lean
transportation had a stronger direct effect on both efficiency of transportation service in cold chain
(B = 0.399) and sustainable performance (8 = 0.342) than green transportation (B = 0.307 and B = 0.319,
respectively).

This finding aligns with previous research conducted in advanced economies such as Germany and
South Korea, where lean practices (e.g., route planning, cross-functional collaboration) have been shown to
improve immediate operational efficiency and responsiveness (Kurganov et al., 2021; Costa et al., 2020). By
contrast, green transportation's relatively moderate impact reflects findings from China and Canada, where
the adoption of environmentally friendly technologies yields longer-term sustainability outcomes but faces
limitations due to high initial investment and regulatory gaps (Jovanovic et al., 2020; Rehman et al., 2023).

Comparatively, the Thailand’s food cold chain context presents unique infrastructural and
regulatory challenges that influence these relationships. For instance, the fragmentation of cold storage
facilities, high logistics costs, and inconsistent adoption of environmental regulations limit the effectiveness
of green transportation. Moreover, while lean practices such as staff collaboration and route optimization
are more readily applicable in Thai SMEs, green practices often require external investment and policy
incentives to be fully effective. These findings suggest that the implementation of lean transportation is
more accessible and impactful in Thailand’s current logistics landscape, whereas green transportation
benefits are more contingent upon supportive infrastructure and policy alignment.

Additionally, subgroup analysis revealed that large enterprises implemented green and lean
strategies more extensively than SMEs, likely due to superior resource availability, technological readiness,
and greater pressure to align with international standards. This implies that company size and operational
scale are important moderating factors in the effectiveness of sustainability interventions.

By triangulating these findings with qualitative data, this study reinforces the strategic value of

integrating lean and green transportation in Thailand’s food cold chain. The differentiated impact and

-84 -



J§T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

feasibility of each approach highlight the need for tailored policy support and capacity-building efforts,
especially for smaller logistics firms. The results contribute to the growing body of knowledge emphasizing

contextual adaptability and cross-country comparison in sustainable logistics research.

5. Conclusion and Recommendations

Based on the findings of this study, the derived findings should be interpreted as strategic
implications for enhancing sustainable performance within cold chain logistics. The validated structural
equation model, comprising green transportation, lean transportation and efficiency of transportation
service in cold chain as predictors of sustainable performance, demonstrated an excellent model fit and
explained 74.20% of the variance in sustainable performance. Therefore, these findings should be viewed
as evidence-based indicators that emphasize the significance of integrating environmentally responsible and
efficiency-driven practices into cold chain operations.

The findings confirm that both green and lean transportation are critical drivers of transportation
efficiency and that they have a direct and positive influence on the sustainable performance of transport
service providers in Thailand’s food cold chain. Consequently, the results of this study could serve as an
empirical foundation for logistics managers, policymakers, and related industries to formulate evidence-
based strategies that integrate environmental responsibility with operational excellence. Green
transportation initiatives such as emissions reduction and energy-efficient practices, along with lean
transportation such as route optimization, fuel efficiency improvement, and the elimination of non-value-
adding transport activities can support the development of more resilient, adaptive, and sustainable cold
chain transportation service.

This research provides a conceptual model and empirical evidence that may inform future studies
and serve as a policy framework for enhancing transportation efficiency and achieving sustainability across
economic, environmental, and social dimensions in Thailand’s food cold chain. Lastly, the validated
structural model presented in this study may provide a reference point for subsequent empirical research

as well as model replication in other logistics-intensive sectors and diverse geographical contexts.

6. Acknowledgement

The authors gratefully ackknowedge the transport service providers, logistics experts, and academic
professionals who contributed valuable insights to this research. We give special thanks to the Thai
Transportation and Logistics Association, the Department of Business Development, and the Ministry of
Commerce Thailand for providing essential data. We also appreciate the institutional support from the

College of Logistics and Supply Chain, Suan Sunandha Rajabhat University.

-85-



J3T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

7. References

Almouhanna, A., Quintero-Araujo, C. L., Panadero, J., Juan, A. A, Khosravi, B., & Ouelhadj, D. (2020). The location routing
problem using electric vehicles with constrained distance. Computers & Operations Research, 115, 104864.
https://doi.org/10.1016/j.cor.2019.104864

Al-Refaie, A., Al-Tahat, M., & Lepkova, N. (2020). Modelling relationships between agility, lean, resilient, green practices in cold
supply chains using ISM approach. Technological and Economic Development of Economy, 26(4), 675-694.
https://doi.org/10.3846/tede.2020.12866

Arunee, T., & Supakorn, E. (2017). GRI standards: From reporting to sustainable business tools (in Thai). The Stock Exchange of
Thailand.

Aytekin, A., Korucuk, S., & Gércin, O. F. (2024). Determining the factors affecting transportation demand management and
selecting the best strategy: A case study. Transport Policy, 146, 150-166. https://doi.org/10.1016/j.tranpol.2023.11.003

Barcia, K. F., Garcia-Castro, L., & Abad-Moran, J. (2022). Lean Six Sigma impact analysis on sustainability using partial least
squares  structural equation modeling  (PLS-SEM): A literature review. Sustainability, 14(5), 3051.
https://doi.org/10.3390/5u14053051

Bardi, E. J., Coyle, J. J., & Novack, R. A. (2006). Management of transportation (7th ed.). Thomson/South-Western.

Behdani, B., Fan, Y., & Bloemhof, J. M. (2019). Cool chain and temperature-controlled transport: An overview of concepts,
challenges, and technologies. In A. Subramanian & B. Blokdyk (Eds.), Sustainable food supply chains, 167-183. Elsevier.
https://doi.org/10.1016/B978-0-12-813411-5.00012-0

Bishara, R. H. (2006). Cold chain management - an essential component of the global pharmaceutical supply chain. American
Pharmaceutical Review. Retrieved January 4, 2024, from http://www.americanpharmaceuticalreview.com

Bottani, E., Bigliardi, B., & Rinaldi, M. (2022). Development and proposal of a LARG (lean, agile, resilient, green) performance
measurement system for a food supply  chain. IFAC-PapersOnLine, 55(10), 2437-2444.
https://doi.org/10.1016/j.ifacol.2022.10.074

Burawat, P. (2019). The relationships among transformational leadership, sustainable leadership, lean manufacturing and
sustainability performance in Thai SMEs manufacturing industry. International Journal of Quality & Reliability
Management, 36, 1014-1036. https://doi.org/10.1108/IJQRM-09-2017-0178

Calati, M., Hooman, K., & Mancin, S. (2022). Thermal storage based on phase change materials (PCMs) for refrigerated transport
and distribution applications along the cold chain: A review. International Journal of Thermofluids, 16, 100224.
https://doi.org/10.1016/}.ijft.2022.100224

Chaitangjit, P., & Ongkunaruk, P. (2019). The study of cold storage and temperature controlled transportation: A case study of
a chain restaurant in Thailand. Pamukkale Universitesi Muhendislik Bilimleri Dergisi, 25(9), 1014-1019.

Chen, Q., Qian, J., Yang, H., & Wu, W. (2022). Sustainable food cold chain logistics: From microenvironmental monitoring to
global impact. Comprehensive Reviews in Food Science and Food Safety, 21(5), 4189-4209.
https://doi.org/10.1111/1541-4337.13014

Chen, R, Xu, X, Chen, A, & Zhang, X. (2023). How to disseminate reliable waiting time in app-based transportation services
considering  attractiveness and  credibility.  Transportmetrica A:  Transport  Science, 19(3), 2077857.
https://doi.org/10.1080/23249935.2022.2077857

Chen, W., Zhang, D., Van Woensel, T., Xu, G., & Guo, J. (2023). Green vehicle routing using mixed fleets for cold chain
distribution. Expert Systems with Applications, 233, 120979. https://doi.org/10.1016/j.eswa.2023.120979

Colicchia, C., Creazza, A., & Dallari, F. (2017). Lean and green supply chain management through intermodal transport: Insights
from the fast-moving consumer goods industry. Production Planning & Control, 28(4), 321-339.
https://doi.org/10.1080/09537287.2017.1282642

- 86 -



J3T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

Costa, L. B. M., Filho, M. G., Fredendall, L. D., & Ganga, G. M. D. (2020). The effect of Lean Six Sigma practices on food industry
performance: Implications of the sector’s experience and typical characteristics. Food Control, 112, 107110.
https://doi.org/10.1016/j.foodcont.2020.107110

Department of Industrial Promotion. (2020). Government policy in promoting cold chain management in the food industry.
Bangkok: Department of Industrial Promotion, Ministry of Industry. (in Thai).

Fang, C., Gu, X, Cheng, S., & Wu, D. (2022). Research on long-distance cold chain logistics route optimization considering
transport  vibration and refrigerant carbon emission. Procedia Computer Science, 214, 1262-1269.
https://doi.org/10.1016/j.procs.2022.11.304

Garza-Reyes, J. A, Beltran Forero, J. S., Kumar, V., Villarreal, B., Cedillo-Campos, M. G., & Rocha-Lona, L. (2017). Improving road
transport operations using lean thinking. Procedia Manufacturing, 11, 1900-1907.
https://doi.org/10.1016/j.promfg.2017.07.332

George, D., & Mallery, P. (2024). IBM SPSS statistics 29 step by step: A simple guide and reference. Routledge.

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2010). Multivariate data analysis (7th ed.). Pearson Education.

Iranmanesh, M., Zailani, S., Hyun, S. S., Ali, M. H., & Kim, K. (2019). Impact of lean manufacturing practices on firms’ sustainable
performance: Lean culture as a moderator. Sustainability, 11(4), 1112. https://doi.org/10.3390/5u11041112

Istam, S., & Cullen, J. M. (2021). Food traceability: A generic theoretical framework. Food Control, 123, 107848.
https://doi.org/10.1016/j.foodcont.2020.107848

Istam, S., Manning, L., & Cullen, J. M. (2022). Selection criteria for planning cold food chain traceability technology enabling
industry 4.0. Procedia Computer Science, 200, 1695-1704. https://doi.org/10.1016/j.procs.2022.01.370

Jovanovic, N., Zolfagharinia, H., & Peszynski, K. (2020). To green or not to green trucking? Exploring the Canadian
case. Transportation Research Part D: Transport and Environment, 88, 102591. https://doi.org/10.1016/j.trd.2020.102591

Khan, E. A,, & Quaddus, M. (2015). Development and validation of scale for measuring sustainability factors of information
microenterprises — A qualitative and quantitative approach. Entrepreneurship Research Journal, 5(4), 347-372.

Khumalo, G., Goedhals-Gerber, L., Cronje, P., & Berry, T. (2023). Inefficiency in land-side cold-chain logistics: Solutions to
improve the handling of citrus during preparation for cold-treatment protocols. Social Sciences & Humanities Open,
8(1), 100500. https://doi.org/10.1016/j.ssaho.2023.100500

Kline, R. B. (2023). Principles and practice of structural equation modeling. Guilford publications.

Koson, D. (2016). Innovation for green logistics (in Thai). Journal of Technology Promotion, 43(247), 6-9.

Kumar, N., Tyagi, M., & Sachdeva, A. (2023). Visualization and analysis of key performance indicators for agricultural cold supply
chain in Indian context using fuzzy DEMATEL approach. Journal of Agribusiness in Developing and Emerging Economies.
https://doi.org/10.1108/JADEE-10-2022-0223

Kurganov, V., Sai, V., Gryaznov, M., & Dorofeev, A. (2021). The emergence and development of lean thinking in transport
services. Transportation Research Procedia, 54, 309-319. https://doi.org/10.1016/j.trpro.2021.02.077

Leng, L., Wang, Z., Zhao, Y., & Zuo, Q. (2024). Formulation and heuristic method for urban cold-chain logistics systems with
path  flexibility - The case of China. Expert Systems with  Applications, 244,  122926.
https://doi.org/10.1016/j.eswa.2023.122926

Li, Y., Lim, M. K., & Tseng, M.-L. (2019). A green vehicle routing model based on modified particle swarm optimization for cold
chain logistics. Industrial Management & Data Systems, 119(3), 473-494. https://doi.org/10.1108/IMDS-09-2018-0400

Liao, J., Tang, J., Vinelli, A, & Xie, R. (2023). A hybrid sustainability performance measurement approach for fresh food cold
supply chains. Journal of Cleaner Production, 398, 136466. https://doi.org/10.1016/j.jclepro.2023.136466

Lu, Q., Gi-Young, C., & Hyung-Ho, K. (2020). Analysis on logistics efficiency of china's agricultural products cold chain from the
green perspective. International Journal of Advanced Culture Technology, 8(2), 192-203.

Ma, K., & Zhao, L. (2024). The impact of new energy transportation means on China’s food import. Research in Transportation

Economics, 103, 101386. https://doi.org/10.1016/j.retrec.2024.101386

-87-



J3T Journal of SciTech-ASEAN Volume 5 Number 2 (July-December 2025)

Meng, T., Wang, Y., Fu, L., Wang, Y., Zhang, N., Wang, Z., & Yang, Q. (2023). Comparison of the environmental impact of typical
packaging systems for food cold chain express based on life cycle assessment. Journal of Cleaner Production, 430,
139756. https://doi.org/10.1016/].jclepro.2023.139756

Musolino, G., Rindone, C., & Vitetta, A. (2019). Passengers and freight mobility with electric vehicles: A methodology to plan
green transport and logistic services near port areas. Transportation Research Procedia, 37, 393-400.
https://doi.org/10.1016/j.trpro.2018.12.208

Nedeliakova, E., Hudakova, M., Masar, M., Lizbetinova, L., Stasiak-Betlejewska, R., & Sulko, P. (2020). Sustainability of railway
undertaking services with lean philosophy in risk management—Case study. Sustainability, 12(13), 5298.

Notteboom, T., & Rodrigue, J. P. (2016). The Cold Chain and its Logistics. Canadian: The Van Horne Institute, University of
Calgary, 20014.

Oskarsdottir, K., & Oddsson, G. V. (2019). Towards a decision support framework for technologies used in cold supply chain
traceability. Journal of Food Engineering, 240, 153-159. https://doi.org/10.1016/j.jfoodeng.2018.07.013

Pinho, T., & Lobo, M. (2019). Lean tools applied in transport and logistics services. Revista Producdo e Desenvolvimento, 5.
https://doi.org/10.32358/rpd.2019.v5.411

Ponte, B., Costas, J., Puche, J., Pino, R, & De la Fuente, D. (2018). The value of lead time reduction and stabilization: A
comparison between traditional and collaborative supply chains. Transportation Research Part E: Logistics and
Transportation Review, 111, 165-185. https://doi.org/10.1016/j.tre.2018.01.014

Qi, T., Ji, J., Zhang, X., Liu, L., Xu, X,, Ma, K., & Gao, Y. (2022). Research progress of cold chain transport technology for storage
fruits and vegetables. Journal of Energy Storage, 56, 105958. https://doi.org/10.1016/j.est.2022.105958

Rehman, F. U,, Islam, M. M., & Miao, Q. (2023). Environmental sustainability via green transportation: A case of the top 10
energy transition nations. Transport Policy, 137, 32-44. https://doi.org/10.1016/j.tranpol.2023.04.013

Saulick, P., Bokhoree, C., & Bekaroo, G. (2023). Business sustainability performance: A systematic literature review on
assessment  approaches, tools and techniques. Journal of Cleaner Production, 408, 136837.
https://doi.org/10.1016/].jclepro.2023.136837

Sun, W., Gu, X., & Wu, D. (2022). Research on the selection of green cold chain logistics service providers based on combined
weighting-cloud model. Procedia Computer Science, 214, 1409-1416. https://doi.org/10.1016/j.procs.2022.11.324

Trade Policy and Strategy Office. (2022). Thailand logistics pulse report (in Thai). Retrieved February 1, 2024, from
https://uploads.tpso.go.th/tpso_logistics infographic_january 2022.pdf

Trivellas, P., Malindretos, G., & Reklitis, P. (2020). Implications of green logistics management on sustainable business and
supply chain performance: Evidence from a survey in the Greek agri-food sector. Sustainability, 12(1), 1-29.
https://doi.org/10.3390/su122410515

United Nations Thailand. (2022). Causes and effects of climate change (in Thai). Retrieved March 24, 2024, from
https://thailand.un.org/en/174652-causes-and-effects-climate-change

Zhao, C,, Jia, R., & Dong, K. (2023). How does smart transportation technology promote green total factor productivity? The
case of China. Research in Transportation Economics, 101, 101353. https://doi.org/10.1016/j.retrec.2023.101353

Zope, R., Vasudevan, N., Arkatkar, S., & Joshi, G. (2022, April). Structural Equation Model for Sustainable Transport System
Performance Enhancement. In Proceedings of the Fifth International Conference of Transportation Research Group of

India: 5th CTRG Volume 3 (pp. 121-133). Singapore: Springer Nature Singapore.

- 88 -



