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Abstract. This research paper explores the integration of smart warehousing solutions as a transformative
strategy for enhancing operational efficiency and promoting sustainability within logistics and transportation.
The study focuses on three key objectives: defining the concept of smart warehousing, identifying sustainability
practices implemented in warehouses, and suggesting the efficiency of smart warehouses in contributing to
sustainability within the broader logistics and transportation landscape. This paper provides a comprehensive
analysis of the concept of smart warehousing, investigating the technological advancements, automation, and
data-driven processes that characterize these intelligent storage and distribution facilities. This paper aims to
better understand the role of technology in modern warehouse operations and sustainability practices
implemented within warehouses. The paper examines eco-friendly initiatives, waste reduction strategies, and
energy-efficient technologies to shed light on the current sustainability within warehouse operations. Real-world
examples and case studies are employed to identify best practices and areas for improvement, contributing
valuable insights to the ongoing sustainability practices. Through a comparative analysis of traditional and smart
warehouses, the research quantifies the positive impact of intelligent systems on resource optimization, cost
reduction, and environmental conservation. Additionally, the study explores the role of smart warehouses in
enhancing supply chain resilience and adaptability amid global challenges such as climate change and disruptions.
In conclusion, this research paper presents a holistic examination of smart warehousing solutions, offering a
balanced perspective on their potential to drive efficiency and sustainability in logistics and transportation.
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1.0 Introduction

The concept of "smart™ is becoming more and more widespread, even in domains where it has
no technical foundation. The term "smart warehouse™ is gaining traction in the logistics sector,
even though this technology's growth is not yet noticeable in the sphere of mobile
communication. The rapid improvement of technology in recent decades has led to a disruptive
rise in the logistics business. Smart technology has sparked the development of smart
warehouses, which are spearheading a wave of industry change that could bring about major
adjustments [1]. Warehouses are commonly recognised as a crucial element of supply chain
management because of their capacity to create effective logistical operations within
organisations and their unwavering commitment to keeping them that way. Given that a large
amount of the entire cost of production is attributed to logistical costs, these operations play a
critical role in evaluating a company's competitiveness. Many companies are considering ways
to run their warehouses more productively and efficiently to cut down on warehousing costs.
This is especially true in light of recent advancements in supply chain technologies, which call
for products to be drawn from inventory and sent in response of orders from customers.

In the current rapidly world, where same-day delivery and the explosive growth of e-
commerce have caused a global spike in demand and volatility in the markets, and where
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consumers are increasingly turning to the Internet for even the most basic needs, businesses
must be able to store and transport goods efficiently and quickly to meet demand [2]. As we
move towards Industry 4.0, the idea of a "smart warehouse" has emerged, expanding the scope
of warehouse operations, and increasing the automation of conventional warehouse tasks.
Adoption of new technologies has the potential to drastically change warehouse operations,
including robotics, blockchain, big data analytics, artificial intelligence, machine learning, and
deep learning.

Hence, this research aims to evaluate the smart warehousing solutions to enhance the
efficiency and sustainability of logistics and transportation in Bukit Kayu Hitam warehouses
with three intended objectives:

a) To define the concept of smart warehouse.

b) To identify the sustainability practices that implemented in warehouse toward
sustainability in logistics and transportations.

c) To suggest the efficiency of a smart warehouse toward sustainability in logistics and
transportations.

2.0 Literature Review
2.1 Sustainability in Logistics and Transportation

The logistics sector is embracing technology in smart warehousing to streamline warehouse
operations and lower carbon emissions. Robotics, drones, and automated storage and retrieval
systems are examples of smart warehousing technologies that are being utilised to increase
warehouse productivity, save energy costs, and eliminate human error. The logistics sector is
expanding because of these solutions, which also aid in cutting down on the time and expense
of shipping goods. Two factors are making the transport and logistics sector crucial: First, it
offers transit options that are socially, environmentally, and climate-compatible, which is
assisting in flattening the climate curve. Second, the sector is building strong transport
networks despite shifting environmental and climatic conditions [3]. By offering
environmentally friendly and sustainable transport options that lower carbon emissions and
flatten the climate curve, the transport and logistics sector is contributing significantly to the
mitigation of climate change. By building resilient transport networks that can survive the
effects of climate change, the sector is also adjusting to the shifting climate and environmental
circumstances. The transport and logistics industry is making significant strides towards
sustainability and climate change mitigation by providing eco-friendly transportation solutions
and leveraging technology to optimize warehouse operations. The industry’s efforts are
essential in reducing carbon emissions and establishing a sustainable future for the planet

2.2 Smart Warehouse
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The term "smart warehouse" is becoming more popular, especially in relation to Industry 4.0
and IoT [4]. Smart warehousing is a term used in several studies to characterise a warehouse
that combines Al and automated material handling. For instance, talked about smart
warehouses in terms of automation technologies that enhance the intelligence of warehouse
robots and systems [5]. These technologies include information systems that monitor every
movement of an object in the warehouse and autonomous robots that handle most tasks in a
warehouse. Similarly, to this, looked at Alibaba’s smart warehouses to enhance the
effectiveness and efficiency of critical business activities through the use of Al programmes,
cooperative robots, and other relevant organisational and human resources. [6]. Researchers
discovered that humans focus on higher-value employment requiring creativity, while robots
and artificial intelligence (Al) are used to complete repetitive, time-consuming, or dangerous
duties. Extending this perspective, [7] described how many technologies, including the Internet
of Things, robotic systems, and radio-frequency identification (RFID), are combined to form
the smart warehouse. Kamali contends that although artificial intelligence (Al) provides
hitherto unreachable insights into the life cycles of products, parts, and even materials, smart
warehouses don't boost output, reduce labor expenses, get rid of mistakes, or enhance
operational effectiveness. Based on past research stated that smart warehousing, a method of
efficiently streamlining warehouse procedures, is built around integrated automated
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Figure 1: Conceptual Framework Based on Past Research

3.0 Research Methodology

This study uses qualitative approach, conducted an interview session to gain primary data.
Qualitative research entails collecting people's perspectives, behaviors, and experiences.
Rather than focusing on quantity of unit analysis, it addresses the deep understanding in the
issues. It may be designed as a stand-alone study using only qualitative data, or it may be
planned as a component of a mixed-methods study that combines both qualitative and
quantitative data. The interview will help the researcher achieve the goals of this research about
smart warehouse efficiency and sustainability in logistics and transportation. Besides that, the
researcher also uses secondary data by reading the article and research paper to support this
study.

There are two type of qualitative interview that are semi-structured interview and structured
interview. For this study, researchers are using structured interviews that involve three
companies at Bukit Kayu Hitam. A structured interview is a systematic technique in which
researchers can ask higher management level / expert respondents the same planned questions
in the same order and assess them using a standardized system. The respondents of each
company are all at the management level which consists of the branch manager, country
manager, and assistant manager. Interviewing management-level respondents helps researchers
gain more accurate data since they are familiar with this field and have many experiences that
can be shared. The interview session has been done both physically and online. Two of the
companies, which are Overland and Seagull, are being done physically while SAP is being
done through Google Meet.

Next, for analysing the data researchers are using coding methods. After the interview session
is done, the recording audio is converted to an interview transcript. From the transcript,
researchers use a coding method to analyse the primary data. Coding is the process of
identifying a passage in a text or other data items by looking for and identifying concepts, as
well as discovering relationships between them. Coding, then, is more than just labeling; it's
also about connecting data to the research question and back to other data. Researchers then
coded each of the transcripts based on the formula by transcript, pages, and line number.

4.0 Findings
412
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This study provides some demographic findings of the study. This structured interview study
involved three (3) logistics company managers, two of whom are Malay and one is Indian.
Since this study is a structured interview, the respondent must be a high-ranking person in the
company, at least at the management level. Apart from the position they hold, the number of
years of service in related fields also shows their eligibility to be a respondent for the structured
interview. Please refer to Table 4.1 for demographic details.

Table 4.1 Demographic Analysis

Gender Number Percentage
Male 3 100
Female - -
Total 3 100
Ethnicity Number Percentage
Malay 2 80
Chinese - -
Indian 1 20
Others - -
Total 3 100
Job Experience (years) Number Percentage
5 years and below 1 20
More than 5 years 2 80
Total 3 100

4.1 Overview of the Data Analysis Process

1. Organized and prepared data for analysis
Organizing and preparing the study findings is the first step in the data analysis process.
All data was collected during an interview with three respondents from different
companies. Transcripts of the interviews were the main source of raw data collected.
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To make sure that no statement was taken out of context, the transcript technique was
used.

Reading through all data

Step two should be to go through all of the data and analyze it. Following the
transcription process' successful completion, the researcher received a general
understanding of conservation as well as some fundamental facts.

Coding the data
The researchers' third step will be to codify the data. To preserve the framework for
relevant information, all transcription sheets have been categorized into box parts.
Sentences or paragraphs were categorized and divided into the following sections on
the transcription sheets:
a) To define the concept of smart warehouse.
b) To identify the sustainability practices that implemented in warehouse toward
sustainability in logistics and transportations.
¢) To suggest the efficiency of a smart warehouse toward sustainability in logistics
and transportations.
Begin coding process
Then, using the coding technique mentioned in Step 3, prepare the category theme and
description setting for evaluation. The full transcription of every business in the
processed crucial data was linked to accomplish the objective.

Interrelating theme or description

The relevant theme or description is the fifth step. This section compiles all of the
evidence that each group identified according to the themes researchers found. The
evidence column includes objectives and findings that support the description of the
supported research project theme. The following is the coding structure:

TxPxL

Note : T = Transcript

P =Page

4.2 Evidence of Interview Analysis

The coding for the interview data analysis must be presented in table form by the researchers

after the data analysis. Word-for-word transcriptions of the original data obtained will be used
for all of the data.
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Table 4.2: Coding for research objective 1

3. Respondent 3

Objective Respondent Coding
To define the concept of 1. Respondent 1 T1, P7,1L36,L37, L38
smart warehouse. 2. Respondent 2 T2,P13,134

T3, P18, L27,L28, L29, L30, L31

Table 4.3: Coding for research objective 2

that implemented in
warehouse toward
sustainability in logistics
and transportations.

2. Respondent 2

3. Respondent 3

Objective Respondent Coding
To identify the 1. Respondent 1 T1, P8, L59, L60, L61, L62, L63,
sustainability practices L64, L65

T2, P13, 152, L53

T3, P19, 171,172,173, L74, L75

Table 4 .4: Coding for research objective 3

Objective

Respondent

Coding

To suggest the efficiency
of a smart warehouse
toward sustainability in
logistics and
transportations.

1. Respondent 1
2. Respondent 2

3. Respondent 3

T1,P11,L132,L133,L134,L135

T2,P15,L104,L105,L106, L107

T3, P21, L145, L146, 1147, L148,
L149, 1150, L151, L152

4.3 Findings from the interview.

Table 4.5: Findings from Interviews for RO1, RO2, RO3

No. | Objectives Findings TXPXL
1 To define the 1. Smart warehousing it shows that T1, P7, L36,
concept of warehouse using robotic system like L37,L38
smart scanner, in term of segregation they use
warehouse in auto picking.
logistics and 2. Smart warehouse is related to T213, P, L34
transportation. digitalization.
3. A smart warehouse is a comprehensive
system that begins with supply chain

415



http://upikpolimas.edu.my/ojs/

JTVE, Special Edition NARTC 2024, Vol 9, No 2 (2024)
elSSN: 0128-0821
http.//upikpolimas.edu.my/ojs

traffic congestion at the hub which leads to
lower emission consumption.

Providing real-time visibility into inventory
levels and demand, smart warehouses
enable more accurate coordination of

management (SCM), encompassing the T3,P17,L1L27,
tracking of goods, including their quantity, | L28, L29, L.30,
size, and weight, utilizing lifting L31
equipment such as forklifts with various

capacities based on the cargo tonnage.

Moreover, for larger items, the system may

incorporate the use of cranes

2 To identify the Packing is very important for the safety of | T1, P8, L59,
sustainability the product. This is because there is | L60,L61, L62,
practices of sensitive item that we need to pack securely. | L63, L64, L65
warehouse in Using bamboo material packaging because
logistics and it is fast-growing, sustainable, natural, and
transportation. biodegradable. Moreover, bamboo does not

contain chemicals as many other plastics
do, so no toxic fumes are being released into
the atmosphere.
Implementing returnable reusable packing | T2, P13, L52,
to minimize package waste. L53

. Warehouses can adopt several strategies to
minimize packaging waste and promote the
use of eco-friendly materials in
transportation  such  as  optimizing
packaging design. Develop packaging | T3, P19, L71,
designs that prioritize efficiency and use | L72, L73, L74,
minimal materials while ensuring product L75
safety during transportation. Supplier
collaboration is also one of the strategies.

3 To suggest the Smart warehouses have the potential to | T1, P11, L132,
efficiency of promote sustainability in the logistics and | L133, L134,
smart transportation industry by improving the L135
warehouses economic  efficiency,  environmental
toward performance, and social impact of logistics
sustainability sectors.
in logistics and The use of automation and robotics like | T2, P15, L104,
transportation. AS/RS in warehouses can help to speed up | L105, L106,

the operation and it will help to avoid any L107
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shipments. Automation technologies are | T3, P21, L145,
also one of the ways. Automation in loading | L146, L147,
and unloading processes, such as robotic | L148, L149,
systems and conveyor belts, reduces the | L1150, L151,
time vehicles spend at transportation hubs. L152
Automated processes streamline
operations, minimizing idle time and
improving overall efficiency.

4.4 Discussion based on Primary Data Interview Method

All following questions posed by the researcher have been answered by the respondents, who
are experienced in the warehousing industry. The feedback in the interview was positive. The
researcher must identify the concept of smart warehouse from the respondent's perspective.
Besides that, researchers need to identify the sustainability practices that are implemented in
warehouses toward sustainability in logistics and transportation. Furthermore, researchers need
to identify the efficiency of a smart warehouse toward sustainability in logistics and
transportation. The researcher was able to obtain the results and accomplish the research
objectives based on the coding analysis and transcription because the respondents cooperated

fully.

5.0 Discussion

5.1 Discussion of Research Objectives

a. To define the concept of smart warehouse.

Research question: What is the definition of a smart warehouse?

The responses from the interviewees converge on several key aspects that collectively
summarize the essence of a smart warehouse. Incorporating robotic systems,
exemplified by advanced scanners and automated picking processes, emerges as a
defining feature of smart warehousing. The utilization of technology to streamline
segregation processes underscores a shift towards efficiency and precision in
warehouse operations. Next, the concept of a smart warehouse is intricately linked to
the broader theme of digitalization. The interview responses emphasize the role of
technology in transforming traditional warehouses into digitally integrated
environments. This involves the implementation of digital solutions for inventory
management, order fulfillment, and other critical logistics functions. Lastly, the
definition of a smart warehouse extends beyond its physical structure and operations.
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It encompasses a comprehensive system that commences with supply chain
management (SCM). The integration of SCM involves meticulous tracking of goods,
taking into account crucial parameters such as quantity, size, and weight. The
orchestration of lifting equipment, such as forklifts with varying capacities based on
cargo tonnage, is highlighted. Additionally, for larger items, the system may integrate
the use of cranes, showcasing the scalability and adaptability of smart warehousing
solutions.

To identify the sustainability practices that are implemented in warehouses toward
sustainability in logistics and transportation.

Research question: What sustainability practices that are implemented in warehouse
contribute to sustainability in logistics and transportation?

Researchers discovered that two out of three of the respondents mentioned that the
sustainability practice of warehouses in logistics and transportation is related to using
eco-friendly packaging. Respondents said that packaging is essential for the safety of
products, particularly delicate ones. Bamboo is a chemical-free, biodegradable,
renewable material that minimizes harmful emissions. Besides that, warehouses can
use reusable packaging that can be returned to reduce waste. By focusing on efficiency
and using the fewest possible materials, working with suppliers, and improving
packaging design, warehouses may encourage eco-friendly products. Product safety is
guaranteed throughout transit with this method.

To suggest the efficiency of a smart warehouse toward sustainability in logistics and
transportation.

Research question: How does the efficiency of smart warehouses contribute to
sustainability in logistics and transportation?

Respondents suggest that smart warehouses have the potential to promote sustainability
in the logistics and transportation industry by improving the economic efficiency,
environmental performance, and social impact of logistics sectors. Providing real-time
visibility into inventory levels and demand, smart warehouses enable more accurate
coordination of shipments.

6.0 Conclusion

6.1 Recommendation and Future Research

In consideration of the findings and limitations of our research on "Smart Warehousing
Solutions: Enhancing Efficiency and Sustainability in Logistics and Transportation,” three key
recommendations have been identified to further enrich and expand the scope of future studies.
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Firstly, there is a suggestion to enlarge the geographical scope of the research beyond Bukit
Kayu Hitam, Kedah. While our study provides valuable insights into the dynamics of smart
warehousing in this specific location, future researchers are encouraged to explore a wider
area in Malaysia. This would entail incorporating responses from various regions across the
country, allowing for a more comprehensive understanding of the topic from diverse
perspectives. By doing so, researchers can gain insights into regional variations, enabling a
more nuanced analysis of the adoption and impact of smart warehousing practices in different
local contexts.

A practical recommendation is proposed for logistics companies with warehouses in Bukit
Kayu Hitam. Given its strategic location and robust road connectivity, Bukit Kayu Hitam holds
considerable potential to evolve into a key regional hub for logistics, repackaging, and
distribution activities. The recommendation is for logistics companies in this area to consider
implementing smart warehousing solutions. The deployment of smart technologies can
significantly improve operational efficiency, reduce congestion, and enhance overall logistics
performance. Implementing smart warehouses in Bukit Kayu Hitam aligns with the region's
growth potential and could contribute to its development as a pivotal center for logistics
operations. These recommendations aim to guide future researchers toward a more
comprehensive understanding of smart warehousing practices, addressing the limitations of
our current study. Additionally, the practical recommendation encourages the adoption of
smart technologies in a specific strategic location, emphasizing the potential positive impact
on the efficiency and sustainability of logistics and transportation operations.

6.2 Conclusion

In conclusion, the investigation into "Smart Warehousing Solutions: Enhancing Efficiency and
Sustainability in Logistics and Transportation" has provided valuable insights into the
transformative potential of advanced technologies in the realm of supply chain management.
Through the pursuit of three key research objectives, namely defining the concept of a smart
warehouse, identifying sustainability practices implemented within warehouses, and
evaluating the efficiency of smart warehousing in the context of sustainability in logistics and
transportation, this research has contributed to our understanding of the evolving landscape of
modern warehouses. The concept of a smart warehouse was unpacked to reveal a sophisticated
ecosystem that goes beyond the conventional warehousing model. Integrating technologies
like the Internet of Things (1oT), artificial intelligence, and robotics, smart warehouses offer a
dynamic and interconnected approach to managing inventory, optimizing processes, and
making data-driven decisions. This advanced model not only streamlines operations but also
lays the foundation for a more sustainable supply chain.

The deployment of smart technologies led to enhanced accuracy in inventory management,
reduced lead times, and minimized errors in the supply chain. This not only resulted in
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improved operational efficiency but also contributed to resource optimization, cost reduction,
and a reduced carbon footprint. In summary, the convergence of smart warehousing solutions
with sustainability practices has positioned the logistics and transportation sector on a
trajectory towards a more efficient and environmentally responsible future. The findings of
this research underscore the importance of embracing technological innovations to achieve
sustainability goals in the dynamic landscape of supply chain management. As businesses
move forward, the recommendations stemming from this study advocate for the widespread
adoption of smart warehousing practices, emphasizing the role of technology in shaping a
resilient, efficient, and sustainable logistics and transportation sector.
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