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Abstract

Alternative Project Delivery Methods (APDM) have become increasingly popular in recent years for private
and public construction projects as viable alternatives to the Design Bid and Build (DBB) method.
Organizations opt for APDM to enhance innovation, streamline delivery, share risk, integrate experts, and
save cost, thereby promoting economy and efficiency. However, despite the benefits of the APDM, the
implementation is still low in many countries, including Bhutan due to various barriers. These barriers are
complex and interrelated, with each barrier influencing and being dependent on the other. To address these
issues, it is crucial to identify, prioritize, and analyze the interrelationships among these barriers. The study
aims to identify and provide a structured framework for elucidating these barriers, utilizing Interpretive
Structure Modeling (ISM) and Matrix Multiplication Applied to Classification (MICMAC) analysis to
demonstrate their hierarchy and classification. By leveraging the ISM and MICMAC analysis, this
framework seeks to expedite and systematize overcoming the barriers to implementing APDM in the public
construction sector. It intends to raise awareness and inform decision-makers about the barriers that have
the most significant impact, enabling them to focus their mitigation efforts effectively. This paper fills the
research gap by presenting a framework to illuminate barriers in the implementation of APDM, with a
numerical example illustrating the results.

Keywords: Framework, Alternative project delivery methods. Public construction, Barriers, Interpretive
structural model, Matric multiplication applied to classification, Bhutan
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1. INTRODUCTION

The primary approach considered for all public construction works in Bhutan is the design bid and
build. In this conventional method, a consultant is engaged to design the project, and the contractor is
appointed through a competitive tender in sequential (Adnan et al., 2011; Al Khalil, 2002). This DBB
method often results in a longer duration of schedule (Davis et al., 2008) and cost overrun (Mosissa,
2006).

The existing paradigm supporting a sole delivery method of DBB hinders the government’s ability
to make optimal procurement decisions. The rigid alignment with the DBB method for all natures of
public infrastructure limits flexibility that could potentially affect decision-making efficiency (Choden
& Lhendup, 2020). Bhutan’s public construction accounts 40.20% time overrun and a 47.32% cost
overrun in the financial year 2019-2020, with a 42.50% cost and 24.77% time overrun attributed to
changes in design and scopes. This pattern of cost and time overrun has persisted for many years (CDB,
2020).

Public agencies nationwide are now embracing innovative APDM, like Design-Build (DB),
Construction Managers at Risk (CMAR), Integrated Delivery (IP), and Public-Private Partnerships
(PPP) to enhance project cycle time, level of quality, and cost efficiency (Walewski et al., 2001).
However, the implementation of this method remains low in many countries due to numerous barriers
(Aldossari, 2020). These barriers encompass financial, organizational, and environmental aspects. The
persistence of these challenges and barriers has resulted in the continued use of conventional project
delivery methods failing to promote economy and efficiency in public construction sectors, as depicted
in Figure 1.

Bhutan’s public Resilience to
construction Conventional ann Implementation of
predominant by DBB - APDM
: ‘ L]
A 4 .
. : : Barriers
Inadequate method . Examine requires

(relaying of single framework to illuminate
method). barriers and overcome .
them. .

-Financial  barriers  (budget
constraint)

« | -Managerial barriers (lack of
4 = | motivation)

\ 4 -Contractual barriers (lack of
contract documents)

-Education barriers (lack of
. = | expertise)

. -Technology barriers (integrate
systems)

Results cost and time
overruns

No barriers identified and
examined

E -Cultural barriers (resistance to

H = | change)

Q 4 a | -Legal _barriers (specific laws and

. - * | regulations of the state)
Demanding APDM . .
that accommodate - .
choice of crafted [ annnndEnnnuns Identified . 7

method for specific to barriers
project

Fig. 1. Demanding implementation of APDM and challenges



K. Jigme and W. C. Watanabe. Journal of Logistics and Digital Supply Chain 2 (1)

The obstacles to implementing APDM in public construction are complex and interrelated, with each
barrier influencing the others. It is crucial to recognize significant barriers for the decision makers to
formulate strategies to overcome them systemically. To depict the interrelationships and generate
significant barriers, the study employed ISM and MICMAC approaches. This paper aims to illuminate
a structured framework that hierarchically positions barriers and classifies them based on the strength
of driving and dependence powers. The framework enhances the precision in selecting significant
barriers for systematic resolution.

2. LITERATURE REVIEW
2.1 APDM and implementation barriers

Alternative project delivery methods (APDM) are a specialized or exceptional situation that
supports the deviation from the regular project delivery method DBB (Gibson Jr & Walewski, 2001).
These methods, such as Design-Build (DB), Construction Manager at Risk (CMAR), Integrated Project
(IP), and Public-Private Partnership (PPP), are increasingly popular in the procurement procedures of
rapidly evolving domains of architecture, engineering, and construction industry to enhance project
outcome (Chandramowli et al., 2011; Kalach, 2020).

Despite the benefits of the ADPDM in the construction industry, the implementation is still low
in many countries due to complex barriers (Aldossari, 2020). These barriers to implementing APDM
can be broadly categorized into three macro factors: capital, organization, and environment (Ma et al.,
2022). For example, an examination of integrated project delivery implementation in Lebanon revealed
complex obstacles in the form of legal, cultural, technological, and financial challenges hindering the
adoption (AbouDargham et al., 2019). A framework identifying, prioritizing, and analyzing the
interrelationships among barriers would provide a more effective and systematic approach to
overcoming obstacles.

2.2 Interpretative structure model (ISM)

ISM is a qualitative research technique invited by Warfield in 1973 for interactive management
and structure approach to system design (Warfield & Cardenas, 1994). Its processing can transform
unclear, poorly articulated models of systems into well-defined models (Beikkhakhian et al., 2015).
ISM is a logical and mathematical approach that derives and explains the relationships among the
parameters allowing us to analyze and understand the whole system (Lohana, 2021). The model so
formed portrays the structure of a complex issue or problem in a carefully designed pattern implying
graphics as well as words (Attri et al., 2013; Moelyanto et al., 2021).

2.3 Matric Multiplication Applied to Classification (MICMAC)

The MICMAC analysis, developed by Michel Godet and Francois Bourse, is a structured
prospective analysis employed for examining indirect relationships (Chandramowli et al., 2011)
complementing the ISM approach by delving into constraints that are typically associated with the ISM
method (Ahmad et al., 2019). This method is employed as a tool to classify variables according to
concealed direct and indirect relationships, as well as their influences on each other (Guo et al., 2020).
In MICMAC analysis, variables are categorized into clusters that comprise autonomous, dependent,
linkage, and independent quadrants (Agarwal & Seth, 2021; Ahmad et al., 2019; Manjunatheshwara &
Vinodh, 2018). This categorization helps in understanding the dynamics of the situation and in
formulating plans to address the most influenceable barriers (Kumar et al., 2021). Various researchers
have adopted ISM and MICMAC approaches to depict the interrelation among the elements of the
issues (Yadav & Barve, 2015).
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W

. RESEARCH METHODOLOGY
The research methodology compresses 5 steps demonstrated in Figure 2.

Framework illuminating on barriers to implementing
Alternative Project Delivery Methods in public
construction of Bhutan

I—*

Compile primary barriers

v

Validate primary barriers
in Bhutan public context

v

Determine influence and
dependence relationship

Literature reviews

Expert interview

Data from sample size

P

- Prioritization and Structured model of

ilize ISM .

Utilize 1S structure into hierarchy | barriers
\ . .
¥ > Discussion and result
P
Classify the strength >

Apply MICMAC

Classified diagram

B A A A

Fig. 2. Methodology

3.1 Compile primary barriers

The initial methods involved conducting a literature review and compilation of primary barriers.
The prevalent previous research on the topic of implementing APDM, barriers and challenges to
adoption of APDM in the public construction sector, and challenges of implementing each APDM like
DB, IPD, CMAR & PPP are reviewed here.

3.2 Validate primary barriers

To customize the context to the public construction of Bhutan, primary barriers are validated
by the sector experts using interviews and questionnaires. The key experts include key position holders
including chief executives and procurement officers who have a minimum of ten years of experience in
the selection of public construction project delivery methods. The procurement officers of Bhutan
holding certified members of the Chartered Institute of Procurement and Supply (MCIPS) are included
to enrich the opinion. The expert should possess sound experience and expert knowledge of variable
studies, The Lawshe (1975) formula of a linear transformation of the proportional level is utilized to
retain the barriers for validation.

3.3 Determine the influence and dependence relationship

To grasp the interconnectedness, influences, and dependencies among the barriers, pairwise
relation data is obtained. The data is gathered through interviews using a dichotomous questionnaire
survey. The number of questions N= N*(N-1) is based on the number (N) of barriers to cover all possible
combinations. This group of respondent plays an important role and the outcome depends on their
inputs. The important aspects for the selection of a sample group are size, expertise, and diversity with
sound experience and domain of the issue. The percentage agreement method is employed to evaluate
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specific pairwise influential relationships from variable i to j between each variable. To capture diverse
perspectives (Gisev et al., 2013) the lower percentage is considered for study.

3.4 Prioritization of barriers

The Interpretive Structure Molding (ISM) approach (Attri et al., 2013) is utilized to examine
the interrelationships influences among barriers to prioritize barriers. The process begins with
initializing a structure self-interactive matrix, followed by constructing an initial reachability matrix
and transitivity is checked. Finally, a level partitioning is performed. The significance barriers are
identified based on the extent of influences.

3.5 Classification of barriers

MICMAC analysis is conducted further to enhance the understanding of dependent and
influence relationships among barriers. The process includes creating four cluster graphs to categorize
the barriers based on their driving and dependence strength. The four clusters include autonomous,
dependent, linkage, and independent barriers. This categorization is determined by calculating the
driving and dependence values in the reachability matrix.

4. NUMERICAL EXAMPLE

The numbers and types of barriers depend on the validation for a particular region determined by
many factors like cultural differences, economic conditions, legal and regulatory frameworks,
infrastructure and technology capabilities, education levels, and historical contexts.

To grasp the understanding of the framework, it is exemplified with 7 identified barriers, suppose
pairwise relationship barriers (barrier i influences on barriers j) are obtained from the sample size as
illustrated in Table 1.

Table 1 Barriers and pairwise relationship.

ilj Legal Technology Education Contractual  Managerial Financial Cultural
Legal barrier - No No No No Yes Yes
Technology barriers No - Yes No No yes No
Education barriers No Yes - No No No No
Contractual barriers No No No - Yes No No
Managerial barriers Yes Yes No No - No Yes
Financial barriers No No No No No - No
Cultural barrier No No No Yes Yes No

To depict contextual relationships between barriers based on the pairwise data obtained in Table 1,
the Structure Self-Interactive matrix (SSIM) is initiated. The SSIM is a pairwise comparison of barriers
nC2 cells where n is the number of barriers. The form is filled n by n matrix with four-letter codes V,
A, X, and O as shown in Table 2.

7. Barrier i influences barrier j

A: Barrier j influences barrier i

X: Bidirectional relationship where barrier s i and j influence each other
O: No relationship between barriers i and j



K. Jigme and W. C. Watanabe.

Journal of Logistics and Digital Supply Chain 2 (1)

To depict contextual relationships between barriers based on the pairwise data obtained in Table 1,
the Structure Self-Interactive matrix (SSIM) is initiated. The SSIM is a pairwise comparison of barriers
nC2 cells where n is the number of barriers. The form is filled n by n matrix with four-letter codes V,
A, X, and O as shown in Table 2.

V: Barrier i influences barrier j
A: Barrier j influences barrier i
X: Bidirectional relationship where barrier s i and j influence each other

0: No relationship between barriers i and j

Table 2 Structured self-interactive matrix

ilj Legal Technology Education Contractual Managerial Financial Cultural
Legal X 0 o) 0 A Vv Vv
Technology X X © A v ©
Education X © © © ©
Contractual X v © A
Managerial X © X
Financial X ©
Cultural X

Translating the four symbols of SSIM into binary representations (1s and 0s), the reachability matrix
is constructed and the transitivity is checked for the final reachability matrix to conclude with driving
and dependence power as shown in Tables 3 and 4 respectively.

Relationship for V: Vij=1,V;=0

Relationship for A: Aij=0, 4;=1

Relationship for X: Xij=1 X; =1

Relationship for X: 0;;=0, X;; =0

Table 3 Reachability matrix

ilj Legal Technology Education Contractual Managerial Financial Cultural

Legal 1 0 0 0 0 1 1
Technology 0 1 1 0 0 1 0
Education 0 1 1 0 0 0 0
Contractual 0 0 0 1 1 0 0
Managerial 1 1 0 0 1 0 1
Financial 0 0 0 0 0 1 0
Cultural 0 0 0 1 1 0 1
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Table 4 Final reachability matrix

ilj Legal Technology  Education Contractual Managerial  Financial Cultural E(:‘\i/\\llgpg
Legal 1 *1 *1 *1 *1 1 1 7
Technology 0 1 1 0 0 1 0 3
Education 0 1 1 0 0 *1 0 3
Contractual *1 *1 *1 1 1 *1 *1 7
Managerial 1 1 *1 *1 1 *1 1 7
Financial 0 0 0 0 0 1 0 1
Cultural *1 *1 *1 1 1 *1 1 7
Esv’?;’:dence 4 6 6 4 4 7 4

For the level partition, reachability and antecedent sets are identified for each parameter, assigning
them to intersection sets. Parameters with matching reachability and intersection sets are placed at the
top level. This process continues, removing variables to uncover additional hierarchy levels until all
variables are accounted shown in Table 5.

Table 5 Level Partition

Barriers Reachability (R) set (Row)  Antecedent (A) set (Colum) Intersection set (R N A) Level
Legal 1,2,3,45,6,7, 1,457, 1,457, 3
Technology 2,3,6, 1,2,3,4,5,6,7, 2,3, 2
Education 2,3,6, 1,2,3456,7, 2,3, 2
Contractual 1,2,3456,7, 1,457, 14,57, 3
Managerial 1,2,34,5,6,7, 1,45/, 1,457, 3
Financial 6, 1,2,3,45,6,7, 6, 1
Cultural 1,2,3,45,6,7, 1,457, 1,457, 3

Finally, MICMAC analysis is conducted further to enhance the understanding of dependent and
influence relationships among barriers shown in Figure 4 in the result and discussion. The influencing
power for each barrier is the total number of barriers including itself which may contribute to
overcoming it. On the other hand, dependence power is the total number of barriers including itself
which may need to be overcome (calculation shown in Figure 4). MICMAC validates the barriers within
the ISM model to support and draw conclusions.

S. RESULTS and DISCUSSIONS

In this example, the result is demonstrated by the structure framework model showing the hierarchy
level, and classification digraph shown in Figures 3 and 4 respectively.
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Technology Level 2
YA )

Fig. 3. Structure level of barriers

Figure 3 illustrates the hierarchical structure among the seven barriers. The lack of financial support
within the organization positions at the top level to be the prioritized barrier. To secure the financial
support for implementing APDM, the organization must address technology barriers such as integration
of the system, upgradation of ICT facilities, and educational needs like having experts in the
organization, positioned at 2 levels. Legal barriers (lack of regulation and statuary not allowed for
organization), Contractual barriers (lack of contractual document, guideline), management barriers
(support from the managerial heads), and cultural (resistance to change) are at the bottom of the
hierarchy. These barriers form the foundation for addressing the lack of education and technology. It
is evident that the organization needs to start overcoming the 4 linkage barriers at first hand and the
goal should be securing funds for APDM implementation. Further analysis and validation of these are
classified using MICMAC as shown in Figure 4.

8
7 ®
Legal, Contractual,

6 ‘ Managrial Cultural barriers
o 5 IV. Independent
o III. Linkage
% 4
[SH
b=
2 3
‘5 Techenology and
A 5 Eucation barriers

1. Autonomous II. Dependent
1 Financial bangler
0
0 1 2 3 4 5 6 7 8

Dependence power

Fig. 4. Classification of barriers
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Figure 4. Clearly illustrates that financial, technology, and education are dependent barriers. Among
these, financial barriers have a higher dependence power of 7 and driving power of 1 indicating it is
prioritized at level 1. Technology and Education barriers have a dependence power of power of 6 and
aof 3. Legal, contractual, managerial, and cultural barriers are categorized as linkage barriers with a
high driving power of 7, serving as the foundation to overcome other barriers. The higher the driving
power of barriers, ease in to overcome other barriers systematically.

The finding concludes that while financial requirement poses a significant barrier to implementing
APDM, it is heavily influenced by other barriers. Mitigating education and technology barriers can help
overcome financial barriers. Additionally, addressing legal, contractual, managerial, and cultural
barriers should be the initial focus for the organization seeking to overcome barriers to implementing
APDM. Importantly, none of the barriers identified in this study operates independently or
autonomously.

6. CONCLUSION

The barriers to implementing APDM are complex and interconnected, influencing and depending
on one another. By utilizing the ISM and MICMAC, the study has revealed a significant
interdependence and influence among the exemplified barriers. This provides a comprehensive
perspective on their roles as drivers and the dependence to overcome them. The example provided in
this study concludes that financial barriers are prioritized barriers, relying on other barriers. Legal,
contractual, managerial support, and cultural barriers fall under the linkage barrier at the bottom level
which the organization needs to attend first. It’s essential for overcoming technology and educational
barriers to attend financial barriers. The paper presents a conceptual framework to study barriers to
implementing APDM in public construction, and the researcher can incorporate the data for actual
conclusion in prioritizing the significant barriers systematically for the development of an action plan
to mitigate them.
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1. INTRODUCTION

The global logistics industry faces a crucial challenge: optimizing efficiency while minimizing its
environmental and social impact. Green logistics offers a promising solution, focusing on
environmentally friendly practices like reduced carbon emissions, optimized routing, and sustainable
supply chain management (Shi et al., 2022). Companies are increasingly adopting these practices to
gain a competitive advantage, reduce pollution, and address broader sustainability concerns (Patra,
2018).

Social sustainability, encompassing aspects like fair labor practices, ethical sourcing, and
community engagement, is another critical dimension (Reyna-Castillo et al., 2023). Studies highlight
its positive influence on both social and environmental performance within supply chains (Prieto et al.,
2022). However, research also reveals challenges in implementing social sustainability initiatives,
including a lack of standardized frameworks and communication strategies (Leal Filho et al., 2022).
Integrating green logistics with a focus on social improvements necessitates increased awareness among
logistics managers and broader stakeholder involvement (Leung et al., 2023; Prataviera et al., 2023).

Government policies have a demonstrably significant role in fostering this integration. Successful
case studies from Pakistan and China illustrate how government incentives, regulations, and circular
economy policies can drive green logistics adoption and sustainable development in the logistics sector
(Fei et al., 2021; Hashmi, 2023; Khan & Zhang, 2021). Research further suggests that policy design
plays a crucial role, influencing strategic decision-making by logistics enterprises and promoting user
participation in green practices (Dong & Yang, 2022).

The logistics industry faces mounting pressure from various stakeholders, including governments,
consumers, and society at large, to minimize its environmental impact and contribute to sustainable
development. This pressure arises from growing concerns about issues such as climate change, resource
depletion, and the social consequences of business operations.

Operationally, the logistics industry is energy-intensive and generates significant greenhouse gas
emissions through transportation and warehousing activities. As public awareness of environmental
issues increases, companies face greater scrutiny and pressure to adopt environmentally friendly
practices, such as utilizing alternative fuels, optimizing routes, and implementing energy-efficient
technologies.

Additionally, there is an increasing recognition of the social impact of logistics operations, including
working conditions, community engagement, and ethical practices throughout the supply chain.
Stakeholders expect companies to prioritize the well-being of their employees, contribute positively to
the communities they operate in, and uphold ethical standards in their business practices.

The introduction highlights the interconnectedness of operational efficiency, environmental
sustainability, and social sustainability. Achieving operational efficiency is essential for logistics
companies to remain competitive and viable. However, this operational efficiency must be balanced
with environmental and social considerations to meet stakeholder expectations and contribute to
sustainable development.

Adopting environmentally friendly practices, such as optimizing routes and utilizing alternative
fuels, can not only reduce the industry's environmental footprint but also contribute to operational
efficiency by reducing fuel costs and improving resource utilization.

Similarly, prioritizing social sustainability by promoting fair labor practices, community
engagement, and ethical sourcing can enhance a company's reputation, attract and retain talent, and
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foster positive relationships with local communities, ultimately contributing to long-term operational
success.

By emphasizing this interconnectedness, the introduction underscores the need for a holistic
approach that integrates operational efficiency with environmental and social sustainability goals, rather
than treating them as separate or competing objectives.

Given this complex interplay, this research investigates:

To what extent do government policies promoting green logistics practices influence their impact
on social sustainability outcomes within the logistics industry?

This research question delves into the effectiveness of government interventions in promoting
environmentally friendly logistics practices and their subsequent impact on social sustainability within
the logistics industry as conceptual model as Figure 1. Analyzing the effectiveness of different policy
approaches will provide valuable insights for developing strategies to promote a more sustainable future
for the logistics sector.

Green Logistics
Practices

Government Policy » > Social Sustainability

Figure 1 Conceptual Model

2. LITERATURE REVIEW
2.1 Green Logistics Practices: A Multifaceted Approach to Sustainability

Green logistics practices encompass a multifaceted approach to sustainability, involving
various stakeholders and factors. Studies highlight the importance of understanding the role of extra-
firm stakeholders (Prataviera et al., 2023), management attitudes, external conditions, and major
barriers in driving or hindering green logistics adoption (Leung et al., 2023). Additionally, the
implementation of green logistics in industries like oil and gas is crucial for environmental
improvement, with identified drivers and barriers influencing its success (Maurya et al., 2023).
Challenges in green supply chain management, such as the need for knowledge in reverse logistics and
workforce shortages, underscore the interconnected hurdles faced in achieving sustainable economic
and environmental outcomes (Tiangi et al., 2023). Collaboration among supply chain partners is
emphasized as a key strategy to develop innovative green practices and combat environmental threats
like the sixth mass extinction (Musau, 2023).
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Green logistics practices can be broadly categorized into three key areas as shown in Table 1

By strategically implementing these factors, organizations can achieve a demonstrably more
sustainable supply chain, contributing to a healthier planet and potentially reducing overall logistics
Costs.

Table 1 Categories of Green Logistics Practices

Category Description Example Practices Citation
-Utilizing fuel-
efficient/alternative  fuel
vehicles
Environmental -Optimizing delivery routes (Adhikari &  Ozarska,
Performance Strategies to  minimize -Implementing intermodal 2018; Du et al., 2022;
Enhancement  environmental impact transportation Usmani et al., 2021)
-Utilizing reusable
packaging and recycling
programs
Practices to minimize waste -Implementing efficient
Waste generation and promote product handling (Limon et al.,, 2020;
Management responsible disposal procedures Mohammed et al., 2022)

-Utilizing energy-efficient
equipment in warehouses
-Implementing renewable

energy solutions (Corlu et al, 2020;
Energy Strategies to  optimize -Adopting  energy-saving Gonzalez-Briones et al.,
Efficiency energy consumption practices in transportation 2018; Ma et al., 2017)

2.2 Optimizing Social Sustainability within Green Logistics Practices

Optimizing social sustainability within green logistics practices involves integrating social
aspects effectively alongside environmental and economic considerations (Leung et al., 2023).
Stakeholder theory emphasizes the interconnected network of stakeholders influencing green logistics
practices adoption, highlighting the role of secondary stakeholders like final consumers (Prataviera et
al., 2023). The study on supply chain sustainability in Pakistan underscores the positive impact of social
values & ethics on supply chain sustainability, emphasizing the need for fostering good investor views
about green management systems (Rasheed, 2022). Additionally, the framework for sustainable
development through green logistics practices in Lithuania identifies factors encouraging GL practices,
such as legal regulations, business partner requirements, and top management awareness (Martins et
al., 2023). By addressing these insights, companies can enhance social sustainability within their green
logistics strategies, contributing to overall sustainability goals.

Hypothesis 1: Adopting green logistics practices will have a positive influence on social
sustainability outcomes within the logistics industry.

This paper explores key social sustainability factors that can be professionally integrated into
green logistics practices for a more holistic and impactful approach, including enhancing worker well-
being and safety, contributing to community health and well-being, promoting ethical and sustainable
practices, fostering strategic community engagement, and investing in workforce development and
capacity building.
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1) Enhancing Worker Well-being and Safety

Green logistics practices offer a path towards improved worker well-being and safety. By
optimizing workloads through route optimization and efficient warehouse design, logistics companies
can potentially reduce the strain on their personnel. This translates to lower stress levels and a safer
work environment. Additionally, investments in green technologies like electric vehicles contribute to
quieter and healthier workspaces, minimizing exposure to harmful emissions and noise pollution for
warehouse staff.(Cheng et al., 2023; McKinnon et al., 2015)

2) Contributing to Community Health and Well-being

The benefits of green logistics extend beyond the company walls. Lower emissions from
green transportation directly translate to cleaner air and reduced noise pollution in communities
surrounding logistics hubs. This has a direct impact on public health outcomes. Moreover, green
practices that emphasize recycling and responsible waste disposal contribute to cleaner communities.
Not only does this create a more aesthetically pleasing environment, but it can also lead to the creation
of local job opportunities in the waste management sector. Furthermore, it fosters a culture of
environmental stewardship within the community, encouraging residents to embrace sustainable
practices.(Jayarathna et al., 2023; Larson, 2021)

3) Promoting Ethical and Sustainable Practices

Companies committed to green logistics can leverage their influence to promote ethical and
sustainable practices throughout the supply chain. This can be achieved by extending their sustainability
focus to encompass ethical sourcing practices. By ensuring fair labor conditions and responsible
material procurement upstream, these companies minimize their environmental impact and contribute
to a more just and equitable global supply chain. Additionally, green initiatives can be a catalyst for
promoting Diversity, Equity, and Inclusion (DE&I) within the logistics workforce. Targeted recruitment
programs, training initiatives, and a culture of inclusion fostered through green initiatives can create a
more diverse and engaged workforce.(Mejias et al., 2016)

4) Fostering Strategic Community Engagement

Green logistics initiatives can be even more impactful when coupled with strategic
partnerships with local communities. Collaboration on issues like sustainable infrastructure
development, green space creation, and educational outreach programs promoting environmental
awareness can lead to a more sustainable and vibrant community surrounding the logistics hub.
Additionally, prioritizing local suppliers and service providers for green logistics needs strengthens
local economies by creating job opportunities and fostering a collaborative ecosystem.(Piecyk &
Bjorklund, 2015)

By integrating these social sustainability considerations into green logistics practices,
organizations can create a more positive impact on all stakeholders. This holistic approach strengthens
a company's commitment to responsible business practices, fostering a just and equitable work
environment, and contributing to the well-being of the communities they serve.

2.3 Government Policy as a Catalyst for Green Logistics and Social Sustainability in Supply
Chains
Government policy plays a crucial role in influencing green logistics practices and subsequently
impacting business performance (Kalubanga & Mbekeka, 2023). Research indicates that compliance
with government policies positively influences firm environmental performance, both directly and
indirectly through fostering reverse logistics practices (Pradeep & Alisherova, 2023). The government
can use coercion to enforce green supply chain practices, which can lead to improved business
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performance (Pradeep & Alisherova, 2023). Additionally, the lack of promotion and adoption of green
techniques in logistics by developing nations has been highlighted, emphasizing the importance of
government policies in driving sustainable practices (Maurya et al., 2023). Therefore, government
policies act as a significant driver for the adoption of green logistics practices, ultimately contributing
to environmental sustainability and improved business outcomes.

Hypothesis 2: Government policies will have a positive influence on adopting green logistics
practice within the logistics industry.

Beyond environmental considerations, government policies can also promote social
sustainability within the logistics sector. Labor laws and regulations (Li et al., 2021) play a vital role in
ensuring fair treatment of workers. These include establishing minimum wage standards, regulating
working hours and overtime pay, enforcing occupational safety standards, and enacting anti-
discrimination laws to create a more diverse and inclusive work environment.

Social programs (Klumpp, 2016) can provide support for workers impacted by industry
changes. Government-funded unemployment benefits can offer a safety net for those experiencing job
transitions due to automation or other industry shifts. Investing in skills training programs can equip
workers with the necessary skills to adapt to evolving technologies and secure new opportunities.

Community development initiatives (Pradeep & Alisherova, 2023). can encourage positive
social contributions by logistics companies. Directing infrastructure investments towards underserved
communities where logistics hubs are located can promote regional development and benefit local
residents. Offering tax breaks or incentives for companies that invest in community development
projects within their operating areas can further incentivize positive social impacts.

Public awareness campaigns (Maurya et al., 2023) can also play a role in promoting social
sustainability. Raising consumer awareness about the social and environmental implications of logistics
choices can create market pressure, encouraging businesses to adopt sustainable practices that consider
the well-being of workers and communities.

Table 2 Policy Type and Impact on Green Logistics and Social Sustainability

Policy Type Strengths Weaknesses
May not be enough for widespread
Incentives Encourage investment in green technologies change, Potential for inefficiencies
Create mandatory framework for change, Potential for industry resistance,
Regulations Ensure baseline environmental performance Requires effective enforcement

High upfront costs and time
Infrastructure  Address logistical challenges of greeninvestment, Unequal impact across
Development  technologies, Facilitate smooth transition regions

Hypothesis 3: Government policies promoting green logistics practices will have a positive
influence on social sustainability outcomes within the logistics industry.

The most effective approach often involves combining policy instruments. For example,
regulations can be coupled with incentives to create a stronger push towards green practices while
minimizing the financial burden on companies.
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3. RESEARCH METHODOLOGY

This study employs a quantitative approach to investigate the influence of government policies
promoting green logistics practices on social sustainability outcomes within the Thai logistics industry.
A survey-based methodology was adopted to gather data from logistics companies.

3.1 Data Collection

3.1.1 Sample Selection: A purposive sampling strategy targeted logistics companies in
Thailand that expressed willingness to participate. Each company represents a single unit of analysis.

3.1.2 Sample Size Determination: The A-priori Sample Size Calculator for Structural
Equation Models software (Leyrat et al., 2024) determined a minimum sample size of 296 for effect
size detection and 156 for model structure. To ensure robustness, data from 305 companies were
collected.

A survey questionnaire was developed based on literature review and pilot testing to capture
information on:

1. Green Logistics Practices

2. Government Policies Promoting Green Logistics

3. Social Sustainability Outcomes

The questionnaire was distributed electronically (Google Forms) and via telephone surveys.
3.2 Data Analysis

Structural Equation Modeling (SEM) with Jamovi software was used to analyze the data:

1. Measurement Model Evaluation: Confirmatory factor analysis (CFA) assessed the reliability
and validity of the measurement scales.

2. Structural Model Evaluation: The hypothesized relationships between green logistics
practices, government policies, and social sustainability outcomes were tested.

3. Model Fit Evaluation: Goodness-of-fit indices (Chi-square, CFI, TLI, RMSEA) assessed the
overall model fit.

3.3 Justification

This methodology provides a structured approach for investigating the interplay between these
constructs. SEM allows for examining complex relationships, offering valuable insights for both
academics and industry professionals.

4. RESULTS

The results indicate that the model provides a significantly better fit to the data compared to the
criteria. The model's chi-square value of 29.5 with 26 degrees of freedom and a p-value of 0.290
suggests that the model is not significantly different from the observed data, meaning it fits the data
well.

From table 3, the non-significant p-value (p = 0.290) for the model suggests that the null hypothesis,
which states that the model fits the data, cannot be rejected. This further supports the conclusion that
the model provides a good fit to the observed data.
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Table 3 Model Test Result

Label X2 df P

Model 295 26 0.290
Baseline Model 26249 45 <.001

These results suggest that the model is a more accurate representation of the underlying relationships
and processes being studied compared to the criteria. The model's superior fit indicates that the variables
and their interrelationships specified in the model are better able to explain the observed data.

The Structural Equation Modeling (SEM) analysis in this study examined the interplay between
green logistics practices, social sustainability, and government policy in the logistics industry. The
model fit indices provided valuable insights into the overall quality and appropriateness of the proposed
model.

4.1 Model Fit Evaluation

The study compared the fit of the model against a criteria model to assess the explanatory power
of the hypothesized relationships. Several key fit indices were evaluated that shown in Table 4.

Table 4 SEM Fit Index Summary Table

Fit
Situation
0.021  0.05 or less (Browne & Cudeck, 1992)  Acceptable

> 0.95 for good fit.

Model Versus Criteria Model Criteria

Root Mean Square Error of
Approximation (RMSEA)

Comparative Fit Index (CFI) 0.999 (Hu & Bentler, 1999) Acceptable
. > 0.95 is often considered indicative of

Tucker-Lewis Index (TLI) 0.998 good fit (Bentler & Bonett, 1980) Acceptable

Bentler-Bonett Non-normed > (.95 suggests good fit.

Fit Index (NNFI) 0-998  Bentler & Bonett, 1980) Acceptable

. NFI > 0.90 is often considered

IIBntzr;t)l(e(r’-\ll?:ol? ett Normed Fit 0.989 indicative of good fit. Acceptable
(Bentler & Bonett, 1980)

Bollen's Incremental Fit Index IF1 > 0.95 suggests good fit.

(IFN) 0.999 (Bollen, 1989) Acceptable

This model demonstrated significantly better fit across all the reported indices compared to the
criteria. This indicates that the model, which incorporates the hypothesized relationships between green
logistics practices, social sustainability, and government policy, provides a more accurate representation
of the data than criteria.

The results of the SEM model fit evaluation provide strong empirical support for the validity
and appropriateness of the model in explaining the interplay between the key constructs of interest. The
consistently high fit indices, which exceed the recommended thresholds, suggest the model is well-
specified and able to capture the complex relationships within the logistics industry. These findings
offer a solid foundation for further interpretation and discussion of the structural relationships among
the variables. Reliability indices
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Table 5 Reliability Indices Result

Variable o AVE
Government Policy 0.877 0.665
Green Logistics 0.886 0.63
Social Sustainability 0.887 0.783

Table 5, Cronbach's alpha (o) is used to assess the internal consistency reliability of the
constructs. All three constructs have Cronbach'’s alpha values above the commonly accepted threshold
of 0.70, indicating good internal consistency reliability.

Average Variance Extracted (AVE) is used to assess the convergent validity of the constructs.
The AVE values for Government Policy and Green Logistics are above the recommended threshold of
0.50, suggesting adequate convergent validity for these constructs. The AVE value for Social
Sustainability is well above the 0.50 threshold, indicating strong convergent validity for this construct.

The reliability and convergent validity results provide support for the quality of the
measurement model used in the SEM analysis. The high Cronbach'’s alpha values suggest that the items
within each construct are measuring the same underlying concept consistently. The AVE values above
0.50 for all three constructs indicate that the items within each construct are, on average, explaining
more than 50% of the variance in the construct, which is a common threshold for demonstrating
convergent validity.

These results strengthen the confidence in the validity and reliability of the measures used in
the SEM model. The constructs appear to be well-defined and measured, which increases the
trustworthiness of the model's findings and the inferences that can be drawn from the SEM analysis.
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Figure 2 SEM Model

Remark SclSs= Social Sustainability, GrnLg= Green Logistics, GvrnP= Government Policy, CommE=Community
Engagement, CommW=Community Well-being, WrkrWW= Worker Well-being, Ethic= Ethic, HIstS= Holistic Sustainability,
OprtE= Operation Efficiency, EnvrE= Environment Enhancement, Infrs = Infrastructure, Rgltn= Regulation, Incnt= Incentives
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4.2 Measurement Model

The measurement model in this study consists of three latent constructs: Government Policy,
Green Logistics, and Social Sustainability. Each latent construct is measured by a set of observed
indicators, and the results provide valuable insights into the structure and validity of these measurement
models.

Table 6 Measurement Model Result

Latent Observed Estimate SE B z p R?
Government Incentives 1 0 0.896 0.803
Policy
Regulation 0.683 0.052 0.72 13.13 <.001 0.518
Infrastructure 0.84 0.0562 0.794 14.95 <.001 0.631
- Environment

Green Logistics Enhancement 1 0 0.796 0.633
Operation Efficiency 0.914 0.0496 0.761 18.43 <.001 0.58
Holistic Sustainability 1.024 0.0697 0.821 14.68 <.001 0.675

Social .

Sustainability Ethic 1 0 0.938 0.88
Worker Well being 0.994 0.0297 0.949 33.41 <.001 0.901
Community
Wellbeing 0.925 0.0294 0.934 315 <.001 0.872
Community Engage 0.306 0.0395 0.417 7.74 <.001 0.174

Government Policy: The latent construct of Government Policy is measured by three observed
indicators: Incentives, Regulation, and Infrastructure. The standardized factor loadings for these
indicators are 0.896, 0.72, and 0.794, respectively, all of which are statistically significant at the p <
0.001 level. These results suggest that the three indicators are strongly related to the underlying
government policy construct, with the latent construct explaining 80.3%, 51.8%, and 63.1% of the
variance in Incentives, Regulation, and Infrastructure, respectively.

Green Logistics: The latent construct of Green Logistics is measured by three observed
indicators: Environment Enhancement, Operation Efficiency, and Holistic Sustainability. The
standardized factor loadings for these indicators are 0.796, 0.761, and 0.821, respectively, all of which
are statistically significant at the p < 0.001 level. The latent construct explains 63.3%, 58.0%, and 67.5%
of the variance in the respective observed indicators.

Social Sustainability: The latent construct of Social Sustainability is measured by four observed
indicators: Ethic, Worker Well-being, Community Wellbeing, and Community Engagement. The
standardized factor loadings for these indicators are 0.938, 0.949, 0.934, and 0.417, respectively, all of
which are statistically significant at the p < 0.001 level. The latent construct explains 88.0%, 90.1%,
87.2%, and 17.4% of the variance in the respective observed indicators.

These measurement model results provide strong evidence for the validity and reliability of the
constructs and their associated indicators. The high factor loadings and R-squared values suggest that
the observed indicators are well-aligned with the underlying latent constructs, supporting the theoretical
framework and the overall structural model.
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The findings from this SEM analysis have important implications for both theory and practice.
From a theoretical perspective, the study contributes to the understanding of the complex relationships
between government policy, green logistics, and social sustainability in the logistics industry.
Practically, the results can inform policymakers and industry stakeholders on the critical levers of
government policy and green logistics practices that can be leveraged to promote more sustainable and
socially responsible logistics operations.

4.3 Hypothesis test

Hypothesis 1: Adopting green logistics practices will have a positive influence on social
sustainability outcomes within the logistics industry. The results support this hypothesis. The
standardized path coefficient between the Green Logistics construct and the Social Sustainability
construct was positive and statistically significant (f = 0.821, p <.001). This indicates that as logistics
companies adopt more green practices, such as environmental enhancement, operational efficiency, and
holistic sustainability, it leads to improved social sustainability outcomes, including worker well-being,
community well-being, community engagement, and ethical practices.

Hypothesis 2: Government policies will have a positive influence on adopting green logistics
practices within the logistics industry. The findings provide support for this hypothesis. The
standardized path coefficient between the Government Policy construct and the Green Logistics
construct was positive and statistically significant (f = 0.794, p <.001). This suggests that government
policies, such as incentives, regulations, and infrastructure development, are effective in promoting the
adoption of green logistics practices among logistics companies.

Hypothesis 3: Government policies promoting green logistics practices will have a positive
influence on social sustainability outcomes within the logistics industry. The results also support this
hypothesis. The standardized path coefficient between the Government Policy construct and the Social
Sustainability construct was positive and statistically significant (B = 0.938, p < .001). This indicates
that government policies that encourage the adoption of green logistics practices have a direct positive
impact on improving social sustainability outcomes in the logistics industry.

Overall, the SEM analysis provides strong empirical evidence for the hypothesized
relationships between government policies, green logistics practices, and social sustainability outcomes.
The findings suggest that a multipronged approach, involving both governmental support and the
adoption of green logistics practices, is crucial for enhancing the social sustainability of the logistics
industry.

These results have important implications for policymakers, logistics companies, and supply
chain stakeholders, underscoring the need for collaborative efforts to promote sustainable logistics
practices and foster positive social impact within the industry.

5. DISCUSSION

The present study employed Structural Equation Modeling (SEM) to investigate the interplay
between green logistics practices, social sustainability, and government policy within the logistics
industry. The findings provide valuable insights into the complex relationships among these key
constructs and offer important theoretical and practical implications.

5.1 Theoretical Implications

The results of this study contribute to the existing literature on sustainable logistics management
by elucidating the mechanisms through which green logistics practices and government policies
influence social sustainability outcomes. The strong support for the hypothesized relationships suggests
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that a holistic approach, integrating both organizational practices and governmental initiatives, is crucial
for enhancing the social sustainability of logistics operations.

The positive and significant relationship between green logistics practices and social
sustainability outcomes aligns with the growing body of research emphasizing the importance of

environmental stewardship and operational efficiency in driving positive societal impacts (Khan, 2019).

This finding underscores the notion that the adoption of green logistics practices, such as environmental
enhancement, operational efficiency, and holistic sustainability, can lead to tangible improvements in
worker well-being, community engagement, and ethical practices within the logistics industry.

Moreover, the study's results highlight the pivotal role of government policies in promoting the
adoption of green logistics practices and, consequently, enhancing social sustainability. The positive
relationship between government policies and green logistics practices corroborates the existing
literature on the effectiveness of policy instruments, such as incentives, regulations, and infrastructure

development, in driving sustainable logistics initiatives (Evangelista et al., 2018). This finding

contributes to the understanding of how strategic government interventions can serve as a catalyst for
the transition towards more sustainable and socially responsible logistics operations.

The analysis revealed a positive and significant relationship between government policies and
the adoption of green logistics practices (B = 0.794, p <.001). This finding underscores the pivotal role

of government support in driving the transition towards environmentally friendly logistics operations.

More specifically, the results suggest that government policies in the form of incentives,
regulations, and infrastructure development can effectively promote the adoption of green logistics
practices among companies in the logistics sector.

5.2 Practical Implications

The findings of this study offer important insights for policymakers, logistics companies, and
supply chain stakeholders. The empirical evidence suggests that a collaborative approach, involving
both governmental support and the adoption of green logistics practices, is crucial for improving the
social sustainability of the logistics industry.

For policymakers, the results underscore the need to develop and implement a comprehensive
set of policy instruments that incentivize, regulate, and support the adoption of green logistics practices
among logistics companies. Effective policy measures, such as tax incentives, environmental
regulations, and investments in sustainable logistics infrastructure, can serve as powerful levers in
driving the industry towards more socially responsible operations.

1) Role of Government Incentives:

Government incentives, such as tax credits, subsidies, or low-interest loans, can encourage
logistics companies to invest in green technologies and infrastructure. These incentives can help offset
the initial capital costs associated with transitioning to more sustainable practices, such as acquiring
energy-efficient vehicles, implementing route optimization software, or building eco-friendly
warehouses.

2) Role of Government Regulations:

Regulations play a crucial role in setting mandatory standards and creating a level playing
field for sustainable logistics practices. Government policies can mandate emissions targets, impose
limits on noise and air pollution levels, or require companies to adopt circular economy principles in
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their operations. Stringent regulations can act as a driving force, compelling logistics companies to
innovate and adopt greener practices to comply with environmental standards.

3) Role of Infrastructure Development:

Government investments in sustainable infrastructure can facilitate the smooth adoption of
green logistics practices. For instance, developing alternative fuel infrastructure, such as electric vehicle
charging stations or hydrogen refueling stations, can enable logistics companies to transition their fleets
to cleaner transportation options. Additionally, investments in intermodal transportation hubs and
efficient logistics networks can optimize supply chain operations, reducing overall environmental
impacts.

Logistics companies, on the other hand, should recognize the strategic importance of
aligning their operations with green logistics practices. By embracing environmental enhancement,
operational efficiency, and holistic sustainability, these companies can not only contribute to improved
social outcomes but also enhance their competitiveness and reputation within the industry.

Furthermore, the findings highlight the importance of cross-stakeholder collaboration and
engagement. Supply chain partners, community organizations, and other relevant stakeholders should
work closely with logistics companies and policymakers to identify and address the social challenges
faced by the industry. This collaborative approach can facilitate the development of tailored solutions
and foster a shared commitment to sustainable and socially responsible logistics practices.

5.3 Limitations and Future Research

While the present study provides valuable insights, it is not without limitations. The research
was conducted in a specific geographical context, and the generalizability of the findings to other
regions or industries may be limited. Future studies could expand the scope of the investigation to
different countries or sectors, allowing for more comprehensive understanding of the interplay between
green logistics, social sustainability, and government policy.

Additionally, this study focused on the direct relationships between the key constructs. Future
research could explore the potential mediating or moderating mechanisms that may further elucidate
the complex dynamics within the logistics industry. Investigating the role of organizational culture,
leadership, or stakeholder engagement, for instance, may offer additional insights into the pathways
through which green logistics practices and government policies influence social sustainability
outcomes.

6. CONCLUSIONS

The study's findings emphasize the need for a collaborative and multifaceted approach involving
both government support and organizational commitment to green logistics practices. Governments can
leverage a combination of incentives, regulations, and infrastructure development to create an enabling
environment that encourages and supports the logistics industry's transition towards environmental and
social sustainability.

By providing financial incentives, logistics companies can overcome the initial barriers to adopting
green practices, while regulations ensure a minimum level of compliance and accountability.
Simultaneously, investments in sustainable infrastructure address logistical challenges and facilitate the
seamless integration of green technologies and processes within the industry.

Ultimately, a synergistic effort between policymakers and logistics companies is crucial for fostering
a sustainable and socially responsible logistics sector. Governments play a vital role in catalyzing this
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transformation by implementing supportive policies and creating an environment conducive to the
adoption of green logistics practices, which in turn can contribute to improved social sustainability
outcomes.
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Abstract

Nowadays, technology plays an increasingly vital role in solving problems in industry. Emerging
technology improves a company’s performance, thereby increasing the competitiveness of the organization.
Bhutan is one of the developing countries that intends to apply technology in many sectors. A procuring
agency in Bhutan is a primary sector responsible for the procurement of goods and services for the entire
nation. Not only procurement but also inventory management is handled centrally by the agency. All
inventory processes are manual operations, leading to time-consuming tasks and data errors in inventory
management. This study aims to improve the efficiency of the procuring agency in Bhutan in terms of
inventory management by implementing warehouse handling equipment such as a span track and an electric
hand pallet jack, as well as technology devices such as radio frequency identification. To illustrate the flow
of processes and compare the current processes with the proposed processes, a value stream mapping tool
is employed. The inventory processes are identified as value-added activity (VA), non-value-added activity
(NVA), and necessary non-value-added activity (NNVA). Using this tool, waste in the value stream can be
determined, and new processes can be proposed to reduce waste. As a result, total working time is reduced
by 27 %, and the VA percentage is increased by 8.36 %. Utilizing technology in the procuring agency helps
in accuracy and efficiency in the field.

Keywords: Inventory management, Value stream mapping method, Information technology, Radio
frequency identification, Sustainability, Governance
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1. INTRODUCTION

Over the years, information technology has enabled businesses to foster global connectivity and
facilitate changes in agriculture, healthcare, education, finance, and manufacturing. Information
technology is the field of computer systems, software, programming languages, data, and information
sharing. Information technology devices radio frequency identifications (RFID) are applied in the
inventory management process. RFID is one of the best and most enabling technology machines to be
used in the inventory management process, comparatively. It is crucial for reducing working time,
saving costs, and minimizing waste due to excess inventory and surplus (Rubel, 2021; Schwartz et al.,
2021). Additionally, it also plays a vital role in determining the buyer-vendor coordination for
replenishment decisions in real retail stores, helping to save time and money (Chiralaksanakul &
Sukhotu, 2016). RFID can replace a manual inventory processing system with a computerized inventory
system. It makes the inventory process more efficient by reducing working time and increasing accuracy
(Erlangga, Yunita, & Satriana, 2022). The study was carried out through data collection by the agencies.
The procuring agencies in Bhutan refer to where the procurement of goods, works, and services for the
agency and the inventory operations are carried out centrally. All the procurement and management of
inventory are monitored and handled by the agencies. The warehouse is the storage facility where the
different types of electrical hardware, computers, equipment, stationery, cartridges, and other
machinery equipment are stored, and those things were purchased by the procurement office of the
agencies on a fiscal year basis. Currently, the inventory management process is paper-based, from
receiving goods to issuing them to end users. Paper-based inventory has inaccuracies in data,
inefficiencies in the services, and a time-consuming, and inaccurate reporting system (Rubel, 2021). To
solve this issue, RFID is applied and it also, enables them to identify, measure, and allocate
environmental and social costs; and also, provides managers with strategies and techniques for
managing performance across the three dimensions (Onyali, 2014). Further, the value-added activities,
non-added activities, and necessary non-value-added activities of the inventory are identified to ensure
their impactful alteration during the implementations.

This research aims and objectives are the quantitative study of the current inventory management
process of procuring agencies. The data details include process, information, staff, time, and product
flow using the value streaming mapping method, which was then further analyzed. The study aims to
assess the value of each activity and inefficiencies in terms of data, time, and cost in the current
inventory process via the Value Stream Mapping (VSM) tool. The VA, NVA, and NNVA will be
identified. Then the new inventory process is proposed based on RFID technology. With the new
process, non-value-added activities should be eliminated, leading to increased efficiency in inventory
management for the study.

2. LITERATURE REVIEW

RFID is a system used to track objects, people, or animals using tags that respond to radio waves
(Kaur & Sengupta, 2016). RFID tags are integrated circuits that include a small antenna. It is a
technology that uses radio waves to passively identify a tagged object. It is used in several commercial
and industrial applications, from tracking items along a supply chain to keeping track. Radiofrequency
identification tagging reads the most crucial package in the shipment to be opened first at the delivery
point, and this technology saves time and improves productivity efficiency (Tao, Fan, Lai, & Li, 2017).
The study revealed that organizations' adoption of information and communication technology in
inventory management improved inventory capacity through continuous transaction processing, access
to information from a centralized database, and enhanced productivity and efficiency across all
departments. The tool facilitated checks and balances on all inventory transactions (Dhodi, 2018).The
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VSM is an important breakthrough for the traditional value stream applied to the field of procurement
management in manufacturing companies and organizations. The ability targets include the following:

1. Reduce the workload of purchasing managers, and
2. Establish a more complete system of scrapping and canceling stocks.

The VSM method has been widely applied in different areas effectively in the procurement process
consideration in the public sector (Swilley, Hofacker, & Lamont, 2012). The inventory management
flow was analyzed based on time and cost. Following this analysis, an information data inventory
system program was developed to decrease overall handling time. This customized program enables
users to specify the inventory's position in the warehouse, as well as its storage duration, thereby
enhancing the circulation of inventory items (Chao, 2015). The benefits and changes of information
technology have not been identified in the 1980s and 1990s in productivity or service improvement.
However, gradually, in recent years, researchers have found and proved that it is helpful in the
immediate measures, calculation of the consumer surplus, and economic growth of firms (Salahshour
Rad, Nilashi, & Mohamed Dahlan, 2018). Technology like RFID helps in the process of collaboration
and exchange of information for the material components with the supply chain and is also feasible in
the integration of the project management system if you work properly and effectively (Kasim,
Shamsuddin, Zainal, & Kamarudin, 2012). The objective was to identify areas for enhancing
operational efficiency and to devise strategies for improving warehouse and inventory management
(Giorgi & Lily, 2020). RFID technologies have the potential to enhance supply chain management by
reducing inventory losses, increasing process efficiency and speed, and improving information accuracy
(Sarac, Absi, & Dauzére-Péres, 2010). The inefficient inventory management is primarily influenced
by the unintegrated company's information system and the absence of qualified human resources (Islam,
Pulungan, & Rochim, 2019). Conceptually, the review of articles, books, and journals was carried out
based on the topic of studying the current inventory process using the VSM method and proposing a
new RFID-based inventory process. The review also took further into how efficiency can be improved
with the integration of technology in inventory management and further compared the process to know
the effectiveness and improvement in terms of time, cost, process, and activities through related
literature reviews. For the efficient management of inventory from receipt to issuance, each process
comprises specific sub-process activities aimed at maintaining accuracy and organization throughout
the inventory lifecycle (Anusha, Praveen Kumar, Lakshmi, & Kumar, 2023). It determines the VA,
NVA, and NNVA of the process as disclosed below;

Value-added activities (VA) are those that directly contribute to the creation of value for the
customer or end-user. These activities enhance the product or service in a way that the customer is
willing to pay for. By focusing on VA and eliminating or minimizing non-value-added activities,
organizations can enhance competitiveness, increase profitability, and build stronger relationships with
customers. Efficiently allocating resources to VA is essential for achieving sustainable growth and long-
term success.

Non-value-added activities (NVA) are tasks or processes that do not directly contribute to the
creation of value for the customer or end-user. Identifying and minimizing these activities is essential
for improving efficiency, reducing waste, and optimizing resource utilization. The identifying and
eliminating or reducing NVA, organizations can streamline operations, improve productivity, lower
costs, and enhance customer satisfaction. This allows resources to be redirected toward value-added
activities that directly contribute to meeting customer needs and achieving organizational goals.

Necessary non-value-added activities (NNVA) refer to tasks or processes that are required for
various reasons but do not directly contribute to the creation of value for the customer or end-user.
Despite not adding value in themselves, these activities are essential for compliance, safety, or
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operational reasons. While these activities may not directly add value to the product or service, they are
essential for maintaining compliance, quality standards, and operational integrity. Therefore, they are
considered necessary NNVA that organizations must perform to ensure smooth operations and mitigate
risks.

3. CASE STUDY AND RESULTS

The study was carried out using the questionnaire specifically by eight experts about the
procurement agency where the procurement of the goods, works, and services were carried out, and the
inventory operations of all the procurement and management of inventory as monitored and handled.
This research focuses on applying RFID to reduce time and eliminate the waste through VSM method
of the inventory process. This research study covers the case study of the inventory current management
process in the agency.

Study the current inventory management process

The inventory management system comprises four main processes: Receiving, Recording, Stocking,
and Issuing. The detail process is as exemplified;

1. Receiving Process: Involves accepting goods delivered to the purchaser's premises from the
delivery van, including unloading goods, verifying their condition, and documenting their
receipt.

2. Recording Process: Focuses on inspecting and recording received goods through
documentation, including checking against purchase orders, recording quantities and details,
and updating inventory records.

3. Stocking Process: This involves moving goods to storage and performing necessary activities
originating from the receiving process, such as transporting them to storage areas, placing them
in designated locations, and organizing inventory within the warehouse.

4. lIssuing Process: This entails providing goods to end users with proper documentation,
including retrieving goods from stock, documenting issuance, and delivering goods to end
users.

Efficiently managing these activities is crucial for optimizing overall productivity and maintaining
the organization's reputation and credibility. The current inventory process using VSM studied process
flow, staff involved, and time flow as illustrated by Figure 1;
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Figure 1 The current data integrated VSM of the inventory process

The four main activities were then broken down into different sub-activities along the VSM process
for efficiency and to have accurate data for the study, as shown below:

1.

2.

10.

11.

12.
13.

Unloading: the activity where goods are unloaded at the premises of the purchaser and delivery
point.

Carry a carton of a product to the warehouse. The carton is carried to the warehouse at the
unloading site.

Verify cartons of product: The packages and cartons are verified and counted inside the
warehouse.

Signing the delivery note: The purchaser manager ensures the receipt of the goods from the
supplier.

Create a received note: The details of goods received with quantity, rate, and amount of product
are maintained.

Counting the boxes of products: The counting of the boxes of products and sorting based on
their category.

Specification verification and inferior listings: listing the product that is not as mandated in the
specification and has defects, and following up with the suppliers.

Put away a product: The stocking process of the product in the warehouse includes segregation
and stagging.

Verify the requisition and balance: seeing the stock balance details in the stock ledger and
verifying quantity and type of product requirements by end users in the requisition.

Create an issue note: The goods details, including the serial number, type of product, and
guantity, are mentioned and signed by both parties.

Picking of product: The taking and picking of product from the purchaser's premises by the end
users from the warehouse.

Move to the loading area: The movement of the product to the area where the goods are loaded.
Loading: The putting up of the product in the truck for the end user delivery.
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Table 1 The activities in the current inventory process

SL.no Activities Time (Min) Activity Type
1 Unloading 0:58 VA
2 Carry carton of product to the warehouse 2:56 NNVA
3 Verify cartons of the product 1:09 NNVA
4 Sign the delivery note 1:59 NVA
5 Create the received note 1:.01 NVA
6 Counting the boxes of the product 1:16 NNVA
7 Specification verification and inferior listing 1:18 NNVA
8 Put away a product 1:01 VA

9 Verify requisition and balance 1:27 NNVA
10 Create an issue note 1:19 NNVA
11 Picking of a product 1:11 VA
12 Move a product to the loading area 1:15 NNVA
13 Loading of product 1:09 VA

VA: Value-added activities, NVA: Non-value-added activities, NNVA: Necessary but non-value-
added activities

These classifications help identify where value is added to the process, where tasks are necessary
but don't directly add value, and where activities could potentially be optimized or eliminated to
improve efficiency. Based on the information provided, out of the 13 sub-activities, 4 are considered
VA, 2 are NVA, and 7 are NNVA. As illustrated in Figure 1, the total cycle time in the current VSM is
17 minutes and 59 seconds in the current inventory management process, and the total required in the
scenario is 41 staff.

Percentage of Value-Added Time= (Total Time/Value-Added Time) x100
Given:

e Value — Added Time = 4 minutes 19 seconds
e Total Time = 17 minutes 59 seconds
First, convert all times to seconds for easier calculation.

Value — Added Time: 4 minutes X 60 + 54 seconds = 4 X 60 + 19 = 259 seconds

Total Time: 17 minutes X 60 + 59 seconds = 17 X 60 + 59 = 1079 seconds

259
P —A Time =
ercentage of Value dded Time (1079

) x 100 ~ 24.00 %
The application of radio-frequency identification (RFID) technology

RFID is applicable in the inventory management process, specifically after the purchasing process.
Here's a breakdown of the process, as proven below:

1. RFID in Inventory Management: RFID technology is utilized to monitor, track, and trace items
within the warehouse after they have been purchased. By employing RFID, the cycle time is
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reduced, leading to improved efficiency in management and increased accuracy in data
tracking.

Effectiveness and Efficiency: The implementation of RFID technology results in faster progress
in effectiveness and efficiency within the inventory management process. This improvement
extends to accountability and tranquility, as the accuracy of data reporting is enhanced.
Illustration of New Inventory Process: The study suggests that the new inventory process for
future scenarios can be depicted using Value Stream Mapping (VSM), as shown in Figure 2.
VSM is a method used to visualize and analyze the flow of materials and information within a
process. By incorporating RFID technology into VSM, the efficiency and effectiveness of the
inventory management process can be illustrated and optimized.

Overall, the study highlights the transformative impact of RFID technology on inventory
management processes, emphasizing improvements in efficiency, accuracy, and accountability. The use
of RFID and VSM methods also helps to visualize and optimize the new inventory process, enabling
organizations to streamline operations and enhance overall performance.
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Figure 2 New value stream mapping process

Each step in the new process describes a specific task or action taken during the process of
receiving, storing, and dispatching goods.

1.

2.

Unloading with Span track: Goods are unloaded at the purchaser's premises and delivery point
using a span track, which is likely a type of equipment or system for efficient unloading.
Carry two cartons of product to the warehouse by electric hand pallet jack: Using an electric
hand pallet jack, the goods are transported from the unloading site to the warehouse or storage
area.

Verification of a product by a reader: Packages and cartons are verified and counted inside the
warehouse using an RFID reader, ensuring accuracy in inventory management.

Paste RFID tag on the box: RFID tags are manually applied to the products in the warehouse,
likely to enable tracking and identification throughout the supply chain.

Put away a box of product by people: Employees or warehouse staff handle the stocking process
of products in the stores, including staging and segregation to ensure efficient storage and
retrieval.
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Create issue note and issue of goods: A formal document, such as an issue note, is generated to
record the issuance of goods, including details such as quantity, rate, and amount. This helps in
maintaining accurate records of transactions.

Picking by electric pallet jack: End users pick products from the purchaser's premises using an
electric pallet jack, presumably for further distribution or usage.

Move a product to the loading area: Using an electric hand pallet jack, products are transported
from their storage location to the loading area in preparation for dispatch.

Loading by electric hand pallet jack: Goods are loaded onto trucks using a jack, likely a span
track, for transportation to the end user or final destination.

The improvement process

Thes

e steps collectively represent a sequence of actions involved in the logistics process, ensuring

the efficient movement and handling of goods from receipt to dispatch. The integration of RFID

compon
process,

ents, such as authorization tags, readers, and scanners, into every process within the VSM
has led to significant improvements in inventory management efficiency. Here's a breakdown

of the key points:

1. Integration of RFID Components: Authorization tags, readers, and scanners are integrated into
every stage of the inventory management process. This integration allows for real-time tracking
and monitoring of items, improving overall visibility and control.

2. Efficiency Improvements: By utilizing RFID technology, the VSM process has been
streamlined, resulting in a reduced total time of 6 minutes and 4 seconds. This represents a
significant improvement from the previous process, which took 22 minutes and 39 seconds.

3. Staff Requirements: The implementation of RFID technology has also reduced the total staff
requirement to 18 individuals. This reduction in staffing suggests increased efficiency and
potentially lower labor costs.

4. Further Improvements: The incorporation of RFID components into the VSM process is
expected to lead to further improvements in inventory management. This may include enhanced
accuracy, faster processing times, and improved overall process integration.

Table 2 The value-added and non-value-added activities of the new process
SL.no  Activities T'".‘e Activity Type

(Min)

1 Unloading using span track 0:05 VA
2 Carry cartons to the warehouse by Electric hand pallet Jack 3:04 NNVA
3 Verify the product in cartons in the box by the reader 0:05 NNVA
4 Paste the RFID tag on the box 1:.01 NNVA
5 Put away a product by people 3:.07 VA
6 Create Issue Notes and Issue the goods 1:35 NNVA
7 Picking of the product by Electric and pallet jack 0:05 NVA
8 Move the product to the loading area 3:.01 NNVA
9 Loading span track and electric hand pallet jack 1:02 VA

VA: Value-added activities, NVA: Non-value-added activities, NNVA: Necessary but non-value-
added activities.

Comprehensively, the integration of RFID technology into the inventory management process has

proven

to be highly beneficial, resulting in significant efficiency gains and improved overall
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performance. This demonstrates the importance of leveraging technology to optimize business
processes and achieve operational excellence. The non-values and values were again illustrated for the
new process as well as for portraying efficiency values in terms of percentages.

In the new inventory management process, there are a total of nine activities. Out of these, 3
activities are deemed VA, one is classified as NVA, and 5 are considered NNVA to the process. Figure
2 shows the new VSM process, with a total cycle time of 13 minutes and 5 seconds and staff involved
in the process totaling 11.

Percentage of Value — Added Time = (Total TimeValue — Added Time) X 100
Given:

e Value — Added Time = 4 minutes 14 seconds
e TotalTime = 13 minutes 5 seconds
First, convert all times to seconds for easier calculation.

Value — Added Time: 4 minutes X 60 + 14 seconds = 4 X 60 + 14 = 254 seconds
Total Time: 13 minutes X 60 + 5 seconds = 13 X 60 + 5 = 785 seconds

= (254/785) x 100 ~ 32.36 %
Comparison of the current VSM and the new VSM of the inventory process

As illustrated in Figure 1, the total cycle time in the current VSM is 17 minutes and 59 seconds in
the current inventory management process, and the total required in the scenario is 41 staff. Figure 2
depicts the new VSM process, which has a cycle time of 13 minutes and 5 seconds and a total of 11
staff members. To compare the time efficiencies and staff percentage differences between the current
and new inventory management processes, it’s calculated the time efficiency improvement and the
percentage difference in staff requirements. To calculate the percentages of time reduction and
efficiency between the current and new inventory management processes, we'll use the following
formulas:

1. Percentage of Time Reduction:

Reduction in Cycle Time = Current Cycle Time — New Cycle time

Current cycle time

= (17 minutes and 59 seconds) — (13 minutes and 5 seconds)

17 minutes 59 seconds

= (0.27 seconds * 100 = 27% of time reduction.
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4. DISCUSSION AND CONCLUSION

Technologies like RFID potential to further enhance speed, accuracy, and efficiency while enabling
paperless inventory processes. Specifically, the new information technology system decreased the total
current processing time from 17 minutes and 59 seconds to 13 minutes and 5 seconds and reduced the
required staff from 41 to 11 in the inventory process. In 2017, Tao, the researcher, concluded that the
integration of RFID technology in inventory management processes has been shown to enhance
efficiency, reduce workload, and save time. Therefore, careful evaluation of time and cost-benefit and
prioritization of budget allocations are necessary. This research investigated the effects of integrating
IT into inventory management processes within Bhutan's procurement sector. It reveals that adopting
IT-based methods significantly reduces both time and staffing requirements compared to traditional
approaches. In terms of percentages of efficiency in the value-added activities, it was 24.00 % in the
current process and 32.36 % of VA percentages in the new process which has increased the efficiency
by 8.36 %.

The study employs the VSM model to identify inefficiencies, streamline operations, and enhance
overall effectiveness. Despite the benefits, concerns arise regarding the initial investment's profitability
due to high maintenance and operational costs. The researcher found that changes in cost savings
because of changes and improvements in process and identified the energy saving now and in the future
by VSM method identified and reduction of energy with lean and green manufacturing (Verma &
Sharma, 2016). It's true that in the modern era with technological changes, the VSM helps in identifying
value, time, and cost. Our findings addressed the identification of waste of time, reduction of staff, and
process using the VSM method. This would ensure the accuracy and efficiency of the real-time data of
inventory in the stores and warehouses. In 2022, Erlangga also concluded that technology supports
monitoring systems maintains the existing stock, and obtains real-time data by using RFID. The findings
were valid in that the technology ensures real-time data accuracy and effectiveness.

The research has shown the study of the current inventory process and gaps, and proposed process
for improvement and its efficiency in the long run. The findings have implications for budget planning
and resource allocation in Bhutan's procurement sector, empowering organizations to make informed
decisions about technology investments. Indeed, facilitating training and coordinating efforts to
improve IT infrastructure are essential steps in ensuring the successful adoption and utilization of RFID-
based inventory systems in agencies as per this research. The research also acknowledges various
factors influencing IT performance, including infrastructure, training, organizational culture, and
stakeholder collaboration. The security of the RFID devices is a concern as Bhutan doesn’t have
independent satellites and depends on other countries like India. Overall, it contributes insights into the
benefits and challenges of IT integration in Bhutanese procurement, aiding decision-makers in
optimizing processes, resource allocation, and service quality enhancement. If needed for future
research it also emphasizes how RFID data can be leveraged for more accurate demand forecasting. By
analyzing RFID-tagged inventory movements and customer purchase patterns, researchers can develop
predictive models to anticipate future demand trends and optimize inventory levels accordingly and also
integrate this study barcoding system.
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Abstract

Sugarcane supply, as the primary raw material in sugar production, is the most
important component for a sugarmill. If an excessive amount of sugarcane is delivered to the
factory, it may lead to prolonged storage, resulting in significant yield losses. Thus, it is
necessary to synchronize sugarcane intake with milling capacity. Sugarcane truck scheduling
mathematical models can improve the efficiency of the sugarcane transportation process. This
research focused on addressing the sugarcane truck scheduling problem, using a case study
of a sugarmill to optimize the scheduling and sequencing of sugarcane trucks for dump tippler
machines. The objective function is to minimize total time in terms of transportation and
dumping time. This work presents a Mixed Integer Linear Programming (MILP) model for solving
the truck scheduling problem. The results of this study reveal that the minimum total time is
15,144 minutes, demonstrating the potential of the proposed model. The results obtained

can help improve the inbound logistics of sugarcane in the sugar industry.
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Abstract

The objective of this research is to study guidelines for managing sustainable eco-
tourism activities in Pak Chong District, Nakhon Ratchasima Province. Study of problems and
obstacles in managing sustainable eco-tourism activities in Pak Chong District, Nakhon
Ratchasima Province. By in-depth interviews and Focus group interview from observing the
area from people in the community There were 4 sample groups, totaling 40 people, using
content analysis. Using a semi-structured interview form. Data were analyzed using qualitative
data analysis techniques. Using content analysis Gather the information points discovered,
analyze and summarize the answers to the scope of the content. Draw conclusions and

present them in a lecture format.

From the study results, it was found that the potential for tourism resources was found
in Pak Chong District, Nakhon Ratchasima Province. There are a variety of tourist attractions.
There is Khao Yai National Park. Museums and Tourism Learning Centers To give tourists and
people in the area an opportunity to learn about the importance of Khao Yai National Park.
In addition, there are agricultural tourism attractions that meet standards. There are learning
resources in both agriculture. and there is a sufficiency agriculture learning center so that
farmers can be self-reliant There are agricultural products that have the potential to attract
tourists. As for services and providing quality experiences to tourists, It was found that there
were activities to learn about agricultural lifestyles. The unique way of the villagers The
operation takes into account the conservation of culture, traditional way of life and the
dissemination of knowledge to tourists. In terms of tourism potential. It was found that there
was little participation of people in the community. But it has the advantage of having

abundant natural resources. and agriculture agricultural products which is a force to attract
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tourists and create an impression The obvious problems and obstacles that arise are the lack
of cooperation from stakeholders. Budget shortage investment in operations and the

marketing side is still not strong.
Keywords: Management, Agricultural tourism, Sustainable
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