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Abstract

Due to increased technological advances in the area, retailers are experiencing complexities in
their supply chain and searching for ways to improve the chain and bring down operations costs.
Al is receiving tremendous attention in the modern world as a cutting-edge technology that can
replace manual efforts, machine learning and predictive analytics for supply chain efficiency. This
paper shows how Al can be applied in e-commerce logistics regarding demand forecasting,
warehouse automation, route optimization, and detection. A cross-sectional questionnaire was
used with responses from 300 professionals in the supply chain field, procuring a richness of
quantitative data regarding the advantages and disadvantages of incorporating Al within supply
chains. Based on the study, automation increases efficiency, especially in the warehouse, by 85%
and in the route estimation by 82%. Al also saves substantial costs within areas such as inventory
and transportation, which can have cost cuts of around 30 to 40 per cent. Nevertheless, challenges,
which include high implementation costs, shortage of skilled talent, data privacy and protection
issues, reduce the uptake of Artificial Intelligence. Nonetheless, further investments in real-time
Al analytics, autonomous logistics, and Al-supported sustainability projects open up the
possibility of the continuing integration of Al into supply chain management. In addition to
analyzing the current state of Al development in e-commerce logistics, this research offers
recommendations to companies interested in implementing Al-based solutions to enhance supply
chain management.

Keywords: Artificial Intelligence, E-Commerce, Supply Chain Logistics, Demand Forecasting,
Warehouse Automation, Cost Reduction, Efficiency Improvement, Logistics Optimization.

Introduction

The evolution of e-commerce has tremendously impacted the retail industry worldwide, both in
opportunities and issues relating to supply chain management. The advancement of the online
purchase has led to the high demand for a reliable logistic system that will ensure an efficient
management of the inventory, delivery, and tracking of consignments (Imran et al., 2020). The
conventional supply chain systems, which consist of several steps and where most of the decision
making is done through human interface, are unable to keep up with the speed and volume of
business generated through e-commerce platforms. Supply chain logistics have been noted as
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identifying important challenges which have received the integration of artificial intelligence (Al)
as a solution to the problems through providing operational value by automating, analyzing, and
optimizing the supply chain logistics (Ivanov et al., 2019).

Al in supply chain logistics involves machine learning, natural language processing, computer
vision, and robotic process automation that improves decision making and supply chain
effectiveness (Dhamija & Bag, 2020). For instance, machine learning algorithms can be used to
forecast demand patterns as well as the likely variations which will in turn help in the management
of stocks leading to fewer instances of stockouts or overstocked merchandise (Choi et al., 2021).
Machine learning as part of GA gives a company the ability to grasp the key factors influencing
the supply chain and envision undesirable events that might occur in the future, which therefore
makes it possible to prevent them and increase the level of supply chain resilience (Min, 2019).
Further, advancements in employing automation in the warehouses have also been achieved in the
optimisation of order picking, utilizing robotic systems, which reduces time and incorporates less
human error (Waller & Fawcett, 2019). All these are essential in the current world of supply chain
management, pretty much because the ability to be flexible and accurate defines a firm’s
competitiveness (Kumar et al., 2021).

One of the most important applications of Al could be seen in last mile delivery which is one of
the most expensive and time consuming parts of the e-commerce supply chain. Route optimization
with the help of Al utilizes the available data on traffic conditions, weather inference, delivery
timetable to provide the shortest and quickest path that consumes less fuel to complete the delivery
(MacCarthy et al., 2019). This has been especially the case given the growth of on-demand delivery
services, where the role of Al-based logistics platforms has been crucial in the reduction of delivery
expenses and enhancement of customer satisfaction (Nguyen et al., 2020). Also, Al plays a part in
tackling fraud and security elements involved in e-commerce logistics since it is able to detect
possible issues with the transactional data and report any possible risks involved to the company
S0 as to minimize their losses and increase transparency (Sharma et al., 2021).

However, several issues limit the adoption of ‘AI’ in supply chain logistics, as presented in the
following subtopics. Initiation cost, privacy, and the demand for a skilled workforce are significant
challenges that affect the adoption of artificial intelligence (Ghadge et al., 2020). Furthermore,
there are several limitations associated with the decision-making empowered by Al, which are
related to ethics, such as data ownership, biases from algorithms, and the effects of applying the
Al systems resulting in job losses (Baryannis et al., 2019). Nevertheless, as Al becomes more and
more plausible and affordable as technology grows, its application in SCM will continue
penetrating deeper into e-business operations (Raj et al. 2020).

With such advancements, this paper seeks to examine the use of Al specifically in e-commerce
supply chain logistics in relation to efficiency enhancement and cost savings. In this paper, the
findings on various applications of Al in the e-commerce context, such as demand forecasting,
warehouse automation, route optimization and fraud detection are presented to explain how Al
solutions are influencing the logistics of the e-commerce sector in the future. The study also
explores the risks of adopting Al and how it is possible to avoid such risks to fully harness the
benefits of using Al in the supply chain management.

Literature Review

Artificial Intelligence in Supply Chain Logistics

The advent of artificial intelligence (Al) has taken the supply chain by storm by embracing
automation, analytic tools, and optimization that help in increasing the efficiency of the supply
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chain whilst decreasing its costs. Kusiak (2019) pointed out that to machine learning, deep
learning, and natural language processing, decisions in the logistics have been enhanced through
data analysis resulting in improvement of decision making in favourite operations. Supply chain
systems have the capacity for machine learning and the ability to adapt to some market changes,
which in turn increases the agility values (Christopher & Holweg, 2018).

Modern developments in the unprecedented growth of Al have also seen organizations embrace
intelligent supply chain management as part of their supply chain process that incorporates 10T
and big data technology. These systems give real-time control to businesses in their supply chain
to manage and minimize time losses (Handfield et al., 2020). Al has also spread towards using by
small and medium enterprises and they also try to implement some technologies for supply chain
management to make it effective (Gunasekaran et al., 2021). Specifically, Al is most useful in
managing the issues of urgent deliveries, changing prices, and unpredictable demand that define
e-commerce supply chains (Grewal et al., 2020).

Al-Driven Demand Forecasting and Inventory Management

Demand forecasting plays an important role in supply chain management and Atrtificial
Intelligence has applied in this sphere. Statistical forecasting techniques and historical sales data
are sometimes insufficient for real-time adaptation to changes in the market demand (Makridakis
et al., 2020). The other type is Al-based predictive analytics, which involves the use of enhanced
algorithms for the forecasting of key factors based on data obtained from different sources that
include social media trends, economic information as well as customer trends (Bertsimas & Kallus,
2020). This also helps in maintaining safety stocks and minimizing excess inventories and
inventory shortages within companies.

Inventory management is another realm where Al has been helpful. These Al applications for
inventory management can help forecast changes in demands, locate slow-moving products and
provide guidance for restocking the inventory (Ivanov & Dolgui, 2020). Optimised and automated
supply chain solutions driven by Artificial intelligence improves real time inventory tracking
which reduces the cost of holding stock in the warehouse (Monostori, 2018). Al also supports JIT
inventory practices as a means of reducing costs, for example by optimizing stock levels and cash
flow (Dubey et al., 2021). Amazon and Alibaba are among today’s major players that embrace Al
technology in managing their inventories effectively helping the companies to execute huge
numbers of transactions while using minimum human input (Chiu et al., 2019).

Warehouse Automation and Al-Powered Robotics

Applications of Al in robotics have brought about changes in warehouse management and
particularly in the aspect of sorting, packing as well as picking of orders (Huang et al., 2021).
Human involvement will always be a weak link in managing the warehouse, hence Al will reduce
mistakes when it comes to order fulfillment (Winkelhaus & Grosse, 2020). Robots which are
powered by artificial intelligence feature computer vision and deep learning to move within a
facility, detect products and then pick and transport the items accurately as highlighted by Kim et
al. (2019).

Automated guided vehicle technology and self-navigating robots also called AMR are common in
modern warehouses for space optimization and efficient operation (Sternberg & Andersson, 2019).
The use of RPA in logistics is also important where activities such as counting stock, printing
labels, tracking shipments, among others can be automated (Tiwari et al., 2020). Currently, there
are businesses like JD.com and Ocado that effectively applied Al- powered robotic warehouses
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that help cut down the expenses and ascend the rate of accuracy in orders (Fukuda et al., 2019).
Al integration in the warehouse is projected to experience further expansion in the future due to
the constant developments in collaborative robots and Al-based decision-making tools (Ko et al.,
2021).

Route Optimization and Last-Mile Delivery

With the help of this advanced technology, it has become possible to optimize the route in logistics,
which in turn decreases fuel consumption and also increases the rate of delivery. They are most
used to a predetermined route, thus it doesn’t consider traffic conditions, or weather disturbances
or delivery restrictions (Gao et al., 2020). Route optimization through the application of Al
recognizes real-time information source data, thus making optimization accessible to real-time
delivery routes (Fan et al., 2021).

Out of all the sectors impacted by the Al technological revolution, last-mile delivery is one that
has been boosted significantly based on logistics costs (Morganti et al., 2020). Hence, delivery
management platforms powered by Al allow for an efficient approach to scheduling, routing
inclusive of vehicle scheduling, and drivers with the ultimate aim of reducing irrespective of the
number resulting in low operational cost (Lemke et al., 2019). Al is also being used in self-driving
cars and drones, which again is redefining the last-mile delivery or transportation (Gupta et al.,
2020). Some of the companies that have implemented decision-making utilizing artificial
intelligence are UPS and DHL to enhance the timely delivery of products and steadily raise
customer satisfaction (Shanker et al., 2021).

Al and Fraud Detection in E-Commerce Logistics

Al is now being widely used to identify fraudulent actions in e-commerce logistics to protect the
supply chain. Having a broad and distributed structure is also risky since it creates difficulties
related to theft, frauds, and shipment modification for online retailers (Pal & Karakostas, 2020).
Machine learning based fraud detection systems use normal transactional data to study from and
detect any irregularities in the transaction flow (Ryman-Tubb et al., 2018).

Machine learning models always update the results they have learned from fraudulent behaviors
and improve the accuracy of the models over time and prevent financial loses apart from increasing
credibility in e-commerce transactions (Baesens et al., 2021). Al-based blockchain solutions also
have the contribution to supply chain security through introducing end-to-end and non-modifiable
record of transactions (Hald & Kinra, 2019). Online shopping platforms like Amazon and eBay
use artificial intelligence-based fraud prevention models as a protection mechanism during
electronic payment transactions (Wang & Alexander, 2020).

Challenges and Future Trends in Al-Driven Supply Chain Logistics

However, there are some barriers when it comes to the adoption of Al in supply chain logistics as
much as there are advantages. Some of the challenges that may slow the adoption of Al in logistics
include a high cost of implementation, lack of skilled human resource, and privacy issues (Akter
etal., 2021). It is also realized that most firms face some issues when implementing Al within their
supply chain because of technological interfaces and the culture that resists change (Riahi et al.,
2020). However, the loss of employment due to incorporation of artificial intelligence and facial
recognition in decision making processes are other issues regarding denial of Al (Duan et al.,
2021).
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However, future advancements in Al are likely to overcome these challenges as sustaining a
sophisticated supply chain solution emerges as the next step. Al integration with the blockchain,
loT, and 5G technology will help for real-time monitoring and security aspects in logistics
(Kamble et al., 2020). Al hopes future cognitive supply chains will give some main advantages
that include cutting the risk aspect and enhancing the resilience of the business (Dubey et al.,
2019). In the future, as Al advances and becomes more integrated, the capabilities it brings to the
optimization of e-commerce logistics will improve and become more effective at minimizing costs.

Methodology

Research Design

The research design used in this study is a cross-sectional survey aimed at embracing the efficiency
improvement of e-commerce supply chain logistics through automation by Al. For this research
survey methodology is most suitable seeing that it allows for gathering data from logistics
professionals, supply chain managers and operators of e-business who use Al in the supply chain
directly. According to questionnaires of this study, respondents’ views on current application and
future potential of technological innovations such as machine learning, predictive analytics,
warehouse automation, or route optimization in supply chain logistics will be revealed. This survey
also combines both close-ended and open-ended questions about the use of Al and what they derive
from it as well as the challenges they faced while implementing Artificial Intelligence in it.

Population and Sample Selection

The participants of the study are identified as supply chain managers, logistics experts, e-
commerce business people, and technology consultants who have worked in organizations that
employ Al to organize supply chain systems. The survey participants were selected from e-
commerce firms, 3PL retailers, and information technology enterprises that offer Al supply chain
solutions. The survey employed a purposive sampling technique to ensure that persons of most
interest were selected in the study research process. The approach for selecting the sample was a
purposive sample, according to the recommendations for the sample size for survey type of
research, with at least 300 respondents for the study to be statistically large enough and
generalizable.

To maintain diversity in the responses, the survey was conducted among professionals that work
in different geographical locations across the regions, companies of different size, and different
sectors in the e-commerce chain. To get sufficient variations in the practices of Al implementation,
the participants were selected based on the frequency of the startup, middle, and large global
organizations.

Data Collection Method

For this study, primary data was obtained from the administration of an online questionnaire that
was developed and sent through email and LinkedIn and other professional networks. The
questions about the future were also combined with closed questions and open questions to get
structured answers alongside with free comments. This was done over a period of six weeks and
follow ups were made to participants in a bid to increase the response rates. As a way of enhancing
legitimacy, participants were assured that any information they provided would be kept
confidential and their identities would not be revealed in any way; they were further informed that
the data would only be used for research purposes.

Questionnaire sections The survey was subdivided into several sections:



Journal of Asian Development Studies Vol. 14, Issue | (March 2025)

Demographic Information: This section obtained data on the respondent’s position, work
experience, organizational tenure, company type, and location.

Al use in Supply Chain Logistics: Respondents were asked about the extent of Al implementation
in their organization, the implementer Al technologies and perceptions on the efficiency and cost-
effectiveness relating to Al.

Application of Al in Logistics: This sub- segment examined the improvement derived from Al in
demand forecasting, automation of warehouse availability, optimized routing and inventory
management.

Challenges and Barriers of Implementation: Respondents were asked to mention challenges like
high cost of implementing Al, security and privacy, and the human resource change management.
Future Expectations and Suggestions: This section captures the respondents’ forecast about Al-
integrated logistics in the coming years and their advice to enhance the integration of Al in the
chain of supply.

Data Analysis Method

The collected responses were cleansed prior to analysis and quantitatively analyzed using
Statistical Package for the Social Sciences while the qualitative data was analyzed using NVivo.
With regards to quantitative data, descriptive and inferential statistics were used to measure the
effect of Al on the efficiency of logistics and the decrease in costs. Quantitative method of let,
mean, median, and standard deviation were used to analyze the responses while inferential tests
including t-test analysis and regression analysis were conducted to compare the results of Al
adoption with the results of logistics performance.

To analyze the open-ended questions, a thematic analysis approach of the results was adopted to
determine the patterns and themes shared by the participants in regard to their experience and
perception. To analyze the continuity function research themes associated with Al operation
weakness, strength potential, and trend in supply chain logistics, the work made use of the
TextBlob Al programming language.

To maintain its credibility, the survey instrument was pre-tested with 30 other logistics
professionals before administration. Completion of the pilot test for questions modified the survey
by getting rid of ambiguous and irrelevant questions for the actual study objectives. Furthermore,
Cronbach alpha was also used to test the internal consistency of the Likert scale questions to check
the reliability of the measuring instrument.

Ethical Considerations

This study complied with the ethical requirements that should be observed while handling human
subjects in any research endeavors since the participants were informed provisions of the purpose
of the study, the procedures that will be taken as well as their rights as respondents. To ensure
voluntariness, prior to the interview, all the respondents were read the informed consent form and
Tampa Bay Buccaneers Jerseys were allowed to withdraw at any time. To maintain data
confidentiality, the responses collected were anonymized and all the survey data collected were
stored securely. All the participants’ data was kept anonymous to ensure that the participants’
identities were kept concealed ensuring that no one could have recognized themselves in the study.
This study was undertaken according to institutional and ethical research protocols, and permission
was sought from the relevant ethical committee before the study began.
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Results

Demographic Information of Respondents

This survey collected responses from 300 supply chain personnel across various disciplines, with
supply chain managers represented most (responsible for 40 percent of responses), followed by
logistics professionals (30 percent), technology consultants (20 percent), and others (10 percent).
The respondents had relatively vast experience of being in the industry for an average of 8 years,
thereby, giving merit to the insights given. The respondents were drawn from various company
categories, with an average number of employees of 250 working for the organizations they
manage/oversee, and located in North America, Europe, Asia, and other regions (Table 1). These
demographics suggest that the collected dataset is a diverse group of Professionals working on Al
Supply chain logistics.

Table 1: Demographic Information of Respondents

Category Value

Total Respondents 300

Industry Experience (Avg Years) 8

Company Size (Avg Employees) 250

Role in Supply Chain Supply Chain Manager (40%), Logistics Professional

(30%), Tech Consultant (20%), Others (10%)

Al Adoption Across Supply Chain Functions

Al acceptance in the supply chain depends on functionality, industry demands, and various
technological trends. The above survey showed that the aspect of demand forecasting had the
highest uptake of 70% as it is central to the e-commerce firm in making accurate predictions about
market needs to adjust their inventory. Route optimization is used by considerably more companies
— 65%, and the widespread of warehouse automation is also significant, 60% of the companies
reported it. Inventory management has been adopted by only 55% of businesses and so is the case
with the application of Al for the purpose of fraud detection, adopted by 50%, which indicates that
AT’s potential is yet to be fully discovered by the business world in these areas (Table 2 and Figure
1). Thus, improved efficiency in supply chain functions is seen to be the most significant general
aim of Al in logistics, while optimizing expenses is regarded as the second most important goal.

Table 2: Al Adoption Across Supply Chain Functions

Al Technology Adoption Rate (%) Primary Industry Usage
Demand Forecasting 70 Retail & E-Commerce
Warehouse Automation 60 Warehousing & Logistics
Route Optimization 65 Transportation & Shipping
Inventory Management 55 Manufacturing

Fraud Detection 50 E-Commerce & Payment Security
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Figure 1: Al Adoption Across Supply Chain Functions
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Efficiency Improvements Due to Al Implementation

Al technology has been adopted in the supply chain logistics, which has enhanced efficiency across
various fields. In the pre-Al time, the efficiency score for the range of logistic functions varied
from 45 to 55 points. Later on, after the implementation of the Al these scores increases to the
range between 69 to 85 documenting the increased efficiency levels significantly. The largest raise
in the percentage, from 50 to 85, was with warehouse automation, the second one from 52 to 82
for route optimization and last from 55 to 78 for demand forecasting (table 3, figure 2). The
obtained conclusions prove that Al-powered warehouse automation and efficient logistics help to
minimize issues with manual data entry, improve decision-making, and increase the overall

velocity.
Table 3: Efficiency Improvements Due to Al Implementation
Al Technology Before Al Implementation After Al Implementation Efficiency
(Avg Efficiency Score) (Avg Efficiency Score) Improvement (%)

Demand Forecasting 55 78 23
Warehouse 50 85 35
Automation
Route Optimization 52 82 30
Inventory 49 76 27
Management

Fraud Detection 45 69 24
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Figure 2: Efficiency Improvements Due to Al Implementation
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Cost Reduction Metrics Due to Al

The pressure on cost reduction is one of the most significant advantages of using Artificial
Intelligence in supply chain management. The costs brought before the implementation of the Al
application used in demand forecasting were $15 million, in the use of automated warehouses and
optimization of routes, $20 million, and $18 million, separately. These costs were decreased to
$9M, $14M, and $12M after adopting Al respectively for the improvement rate of 40% in demand
forecasting cost, 30% in warehousing automation cost and, 33.3% in route optimization cost as
stated in Table 4 and as illustrated in Figure 3. The present work has established that Al assist
firms in enhancing the utilisation of assets and the management of resources, thereby increasing
their resource efficiency and financial viability. The dynamic adaptation of supply chain processes
based on data regarding the actual state of affairs is a major factor through which costs can be
saved by utilizing Al.

Table 4: Cost Reduction Metrics Due to Al
Al Technology Avg Annual Cost Before ~ Avg Annual Cost After Cost Reduction

Al (Million $) Al (Million $) (%)
Demand Forecasting 15 9 40
Warehouse Automation 20 14 30
Route Optimization 18 12 33.33
Inventory Management 12 8 33.33

Fraud Detection 10 7 30
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Figure 3: Cost Reduction Due to Al Implementation
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Challenges in Al Implementation

However, the application of Al in supply chain logistics has certain challenges as explained below.
The implementation cost was the most cited challenge and was reported by 68% of the respondents
while 60% said that they had a problem with skilled workforce and 55% cited data privacy issues.
Consequently, integration with legacy systems and cultures of resistance to change as two pertinent
barriers were realized (Table 5, Figure 4). These findings significantly underscore the importance
of engaging employees, increasing awareness on security issues, and integrating Al in the logistics
system.

Table 5: Challenges in Al Implementation

Challenge Percentage of Respondents Reporting Issue (%)
High Implementation Costs 68
Data Privacy Concerns 55
Lack of Skilled Workforce 60
Integration with Legacy Systems 50
Resistance to Change 45

Figure 4: Challenges in Al Implementation
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Al and Supply Chain Risk Mitigation

Reviews have shown that the use of Al has been useful in managing risks prevalent in the supply
chain processes. The study established that automation of fraud detection means enhancing
specific risks ($ 70%) and predictive analytics in enhancing the precision of forecasts thus
lowering exposure risks to ($ 65%). Other technological risk mitigation measures include the
integration of blockchain at 60 percent and Al risk assessment at 55 percent in the management of
supply chain disruptions and fraud as depicted in the Table 6 and Figure 5 above. Thus, it is seen
that apart from giving benefits in terms of efficiency and decreasing costs Al has the capability of
strengthening and securing the supply chain supply.

Table 6: Al and Supply Chain Risk Mitigation

Al Technology Risk Reduction (%)  Major Benefits

Predictive Analytics 65 Improved forecasting accuracy
Automated Fraud Detection 70 Reduced fraud & chargebacks
Blockchain Integration 60 Enhanced transparency & security
Al-driven Risk Assessment 55 Proactive risk identification

Figure 5: Al and Supply Chain Risk Mitigation

Al and Supply Chain Risk Mitigation

Future Al Investments in Supply Chain Logistics

Companies are specifically focusing on future investments geared toward improving their logistics
capacity enabled by the advances in Al. According to the survey, 72% of the companies are
expecting to invest in the Real-time Al data analytics that will help in the dynamic decisions and
supply chain. Also included in the higher-ranking areas of investment are the dependence on
artificial intelligence inventory management (65%), advancement of robotics (55%), and the
utilization of artificial intelligence in route performance optimization (60%); anticipated market
expansion having a through value of over 15 billion USD for real-time Al analytics independently
(Table 7, Figure 6). The implication, which we get from these findings is that businesses are
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gradually aligning themselves in such a ways for future sustainability through Al application at
various levels of supply chains.

Table 7: Future Al Investments in Supply Chain (Next 5 Years)

Al Technology Planned Investment (% of Projected Market
Companies) Growth ($ Billion)

Advanced Robotics 55 10.5

Autonomous Vehicles 50 8.2

Al-driven Inventory Control 65 12.7

Real-time Al Data Analytics 72 15.3

Al-powered Route Optimization 60 9.8

Figure 6: Future Al Investments in Supply Chain
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The Effects of Al on Customer Satisfaction of E-Commerce Logistics

Al technology has greatly enhanced various aspects of e-commerce logistics that reflect customer
satisfaction measures . To be specific, the average time taken to deliver the products in the shop
before the use of Al was 5.2 days, whereas after the incorporation of Al into the shop, it only took
3.1 days to deliver the same products. The order accuracy also increased from 85% on average to
97% as well as customer satisfaction which raised from 6.5 to 8.9 in the scale 10. Moreover, supply
chain management that was supported by Al showed a decreased return rate of responding
customers by 22% (Table 8, Figures 7 & 8). Al, therefore, brings added value to all spheres of the
supply chain and insists that the end-customer receives a product that is delivered more effectively
with a reduced likelihood of product returns.
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Table 8: Al's Impact on Customer Satisfaction in E-Commerce Logistics

Al Avg Delivery  Order Customer Satisfaction Return Rate

Implementation ~ Time (Days) Accuracy Score (Out of 10) Reduction (%)
(%)

Before Al 5.2 85 6.5 0

After Al 3.1 97 8.9 22

Figure 7: Al's Impact on Customer Satisfaction: Delivery Time & Order Accuracy
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From this study it becomes apparent that the introduction of Al in supply chain logistics brings
about notable improvements in efficiency and noticeable decrease in costs for favorable customers.
This high uptake of demand forecasting, route optimization, and automatization of the warehouse
show that businesses are focusing on the utilization of artificial intelligence in the logistical
management of their activities to deal with delays. The relative costs identified in the area of
inventory control, use of robots in warehouses, and transportation prove that Al is substantial for
extending the company’s financial stability.

On the other hand, there are challenges like high implementation costs, data security, and
organizational issues in getting employees ready for the change due to the application of Al
technology. Though most companies are aware about the Al capabilities, the shift towards the Al
enabled logistics needs the upgrade of the essential investments in infrastructure all along with the
cybersecurity and training programmes for the employees.

Plans to invest in future Al technologies such as, real-time analytics, robotics and autonomous
logistics systems show that businesses are warming up to a new era of end-to-end supply chain
optimization. The contribution of Al in the enhancement of the customer satisfaction rate and risk
management also proved that Al plays an essential and vital role in the modern e-commerce supply
chain logistics. As consumers demand shorter and faster access to goods and services, Al will
remain an important player in the future of supply chain and its efficiency, flexibility as well as its
elasticity.
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Discussion

As is evidenced from this research, the application of Al in the e-commerce SCM can enhance
efficiency in a supply chain. The use of Al in the modern businesses has reduced cost, increased
efficiency and productivity and ultimately satisfied the customers. However, challenges like high
implementation costs, problems related to changes in workforce, and data security concerns remain
significant barriers. The findings are also discussed in the light of several critical aspects in the
discussion section which locate them in the existing literature and developments in the industry.

The Role of Al in Enhancing Supply Chain Efficiency

The survey also supports the hypothesis that Al enhances efficiency in logistics by highlighting
automation of warehouses and optimization of routes as the most relevant Al-related factors in
terms of increased efficiency. The above milestones are in support of prior studies developing that
Al logistics improves on workflow automation, and minimizes human intrusions (Schmidt and
Wagner, 2019). In this case, by using Al to analyze large streams of data in real-time, businesses
can improve its supply chain, eliminating or reducing on time and more delays.

Among these applications machine learning has played an important role in demand forecasting
making it easier for firms to forecast fluctuations in the demand of a product. Lee and Lee (2020)
explain that using predictive analytics in supply chain management is the best way to avoid stock
outs or over stocking of products. Thus, the effect of the Al application on warehouse automation
is explained below. According to the studies by Rogers and Baricz (2021), the application of AGVs
and robotic picking systems contributed to the increase of warehouse productivity between 50 to
70%. These findings support the view that the use of Al is the new era in modern supply chain
management since it makes massive use of tools that require least manual interference with high
speed.

Economies and Revenue Management Aspects Within Al-Integrated Supply Chains

The questionnaire also revealed that the main reason Why logistics companies are turning to Al is
the cost reduction benefits. Those industries that have adopted Al in demand forecasting,
automation of their stock, and optimisation of routes realised annual cost savings by at least 15%.
This is in line with Min and Kim (2020)’s observation that AI such logistics enhance asset
productivity, optimize fuel consumption, and minimize warehousing expenses.

Among those applications, route optimization tools are of great significance as they help minimize
transportation costs. Through using traffic information flow, road and weather conditions, the
performance of a vehicle, Al-driven routes can be dynamically optimized to reduce fuel usage and
delivery times (Chung & Lee, 2021). Thus, Al-based delivery optimization in the e-commerce
segment that becomes critical due to its high delivery cost in various delivery last mile costs $30B
every year (Henderson et al., 2021).

Another cost reduction borne out of fraud detection is the prevention of fraud in the Supply chain
transactions. As Patel and Sharma (2021) pointed out, intelligent systems can detect signs of
abnormal schemes within the operations of handling financial transactions as well as shipment
records, reducing fraudulent activities that would mean great losses to the companies. These
findings suggest that not only does Al optimize supply chain operations but it also come with a
significant dollar value for the businesses that adopt it.
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Challenges in Al Implementation and Adoption

However, the application of Al in supply chain logistics is not without some drawbacks. The most
frequently reported reason in the present study was the high cost of implementation which is
supported by Kumar and Srivastava (2020). Al technologies demand considerable capital
investment in application, tools, plus human resources, thus posing a major problem for SMEs to
deploy Al solutions.

Another challenge is the combination with other systems in an organization as most systems are
usually integrated with old systems. ERP and WMS in conventional logistics management are not
able to meet the demands for incorporation of Al easily (Tan et al., 2020). This lack of
interoperability requires organizations to overhaul or redesign their systems or build custom
workarounds on top of the selected adoption solution, thus raising adoption costs even higher.
Skilled workforce continues to be a major challenge, given that Al calls for personnel with data
science, machine learning, and tools automation skills. According to Fernandez and Ahmed
(2021), there is currently only a limited supply of Al skilled employees, which is one of the main
reasons that make companies hesitant to invest in Al-based supply chain solutions. To tackle this
problem, enterprises must provide the necessary training sessions and cooperate with universities
to ensure that the employees have a strong Al expertise.

Another major challenging factor that affects this form of learning is data privacy and security
issues. Current freight and distribution management services implemented in artificial intelligence
include customer data, transactional data and current location data. Correct storage of this data is
imperative since its leakage leads to monetary losses and reputational loss. As pointed out by
Zhang et al. (2021), Al equally faces insecurity whereby hackers can infiltrate its structures and
manipulate data. Companies have to ensure that their Al based logistics platforms are secure and
utilize blockchain technology and enhanced encryption techniques to counter cyber threats
effectively.

AD’s Impact on Customer Satisfaction and Service Quality

Customer satisfaction is an essential component of e-commerce logistics, and the results of the
study also show that the implementation has led to an enhancement in the quality of the services
offered. This implies that through the application of Artificial Intelligence in logistics, companies
attained shorter delivery time, higher order accuracy, and average order returns were also low.
This is in concordance with Miller and White (2020) who noted that the use of Al in order
fulfillment enhances the speed and accuracy of the process and hence the retention rates of
customers in organizations.

Chatbots and virtual assistance also help increase customer satisfaction through real-time tracking
of shipments and customer support (Bose & Gupta, 2021). These reduce the time taken to get a
response and enhanced engagement with the customers thus really enhancing the shopping
experience. Also, with the help of integrated sentiment analysis, Al can help a business timely
identify customer satisfaction and dissatisfaction with services and modify the patterns, policies
etc. for better service.

The Future of Al in Supply Chain Logistics

From the findings of the study, it emerged that adopting Al technology shall be concentrated on
intelligent analytics, automated supply, and Al inventory management in the future. According to
Green, Patel, and Williams (2021), Al will advance further with deep learning and computer vision
augmenting the possibilities of automation and decisions.
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Finally, advancements and innovations in some key technologies such as autonomous logistics,
delivery drones and trucks, and Al in last-mile delivery have brought in new perspectives
(Hoffman & Xu, 2021). These technologies are likely to shorten the transport time and therefore
makes it a cost-effective tool for the electronic commerce ventures. Al-based sustainability
initiatives are emerging as well as companies are seeking to implement various Al solutions to
minimize environmental impacts and to manage their resources effectively (Wang & Li, 2021).
Another is the combining of artificial intelligence with block chain in providing supply chain
solutions such as transparency and security. Al assisted smart contracts deliver secure tracking
records for increase in authenticity and reliability in logistics operations around the globe (Chen
& Liu, 2021). With the progression of the use of Al in supply chain logistics, this aspect is certain
to grow, integrate better the supply chain, and create value through cost savings, efficiency, and
customer satisfaction.

Conclusion

It points out that there is evidence of Al in supply chain logistics for e-commerce where it has
provided benefits of form efficiency, cost, and customer experience. However, some of the factors
that have been affecting the adoption of the e-procurement systems include high costs, training of
the workforce, insecure data, and system compatibility issues. In order to overcome these factors,
the organisation has to make betterments on the technology front, train its human capital
effectively and install a solid cybersecurity defense line.

The next generation 10T enabled vehicle automation, real time analytics augmented with Al,
blockchain integration, sustainability driven by Al will be the key characteristics defining the
future of Al in SCM. Businesses have to adopt Al embracing innovations in a bid to achieve a
competitive edge, particularly for faster and sharp logistics operations within e-commerce
platforms.

References

e Akter, S., Wamba, S. F., Gunasekaran, A., Dubey, R., & Childe, S. J. (2021). How to improve firm
performance using big data analytics capability and business strategy alignment? International Journal
of Production Economics, 228, 107746. https://doi.org/10.1016/j.ijpe.2020.107746

e Baesens, B., Van Vlasselaer, V., & Verbeke, W. (2021). Fraud analytics using descriptive, predictive,
and social network techniques: A guide to data science for fraud detection. John Wiley & Sons.

e Baryannis, G., Validi, S., Dani, S., & Antoniou, G. (2019). Supply chain risk management and artificial
intelligence: State of the art and future research directions. International Journal of Production
Research, 57(7), 2179-2202. https://doi.org/10.1080/00207543.2018.1530476

e Bertsimas, D., & Kallus, N. (2020). From predictive to prescriptive analytics. Management Science,
66(3), 1025-1044. https://doi.org/10.1287/mnsc.2018.3253

o Bose, P., & Gupta, A. (2021). Al-enabled chatbots for logistics and e-commerce: Enhancing customer
engagement. Computers & Industrial Engineering, 153, 107317.
https://doi.org/10.1016/j.cie.2021.107317

e Chen, J.,, & Liu, M. (2021). Al and blockchain: Enhancing supply chain transparency and security.
Journal of Business Logistics, 42(3), 267-285. https://doi.org/10.1111/jbl.12297

e Chiu, C. H,, Choi, T. M., & Liu, N. (2019). Demand and supply management of fast fashion using big
data analytics. Computers & Operations Research, 103, 334-343.
https://doi.org/10.1016/j.cor.2018.11.012

e Choi, T. M., Wallace, S. W., & Wang, Y. (2021). Big data analytics in operations management.
Production and Operations Management, 30(5), 1390-1397. https://doi.org/10.1111/poms.13312



https://doi.org/10.1016/j.ijpe.2020.107746
https://doi.org/10.1287/mnsc.2018.3253
https://doi.org/10.1016/j.cie.2021.107317
https://doi.org/10.1111/jbl.12297
https://doi.org/10.1016/j.cor.2018.11.012

Journal of Asian Development Studies Vol. 14, Issue | (March 2025)

e  Christopher, M., & Holweg, M. (2018). Supply chain 2.0 revisited: The impact of Big Data and Al.
International Journal of Physical Distribution & Logistics Management, 48(10), 1-22.
https://doi.org/10.1108/1JPDLM-06-2018-0236

e Chung, H., & Lee, D. (2021). Al-powered route optimization: A game-changer in logistics efficiency.
Transportation Research Part E: Logistics and Transportation Review, 149, 102327.
https://doi.org/10.1016/j.tre.2021.102327

o Dhamija, P., & Bag, S. (2020). Role of artificial intelligence in operations environment: A review and
bibliometric analysis. The TQM Journal, 32(4), 869-896. https://doi.org/10.1108/TQM-11-2019-0259

e Duan, Y., Edwards, J. S., & Dwivedi, Y. K. (2021). Artificial intelligence for decision-making in the
era of Big Data — Evolution, challenges and research agenda. International Journal of Information
Management, 57, 102263. https://doi.org/10.1016/j.ijinfomgt.2020.102263

o Dubey, R., Gunasekaran, A., Childe, S. J., Fosso Wamba, S., Roubaud, D., & Foropon, C. (2019).
Empirical investigation of data analytics capability and organizational flexibility as complements to
supply chain resilience. International Journal of Production Research, 57(18), 5588-5604.
https://doi.org/10.1080/00207543.2018.1499536

e Dubey, R., Gunasekaran, A., Childe, S. J., Wamba, S. F., Papadopoulos, T., & Hazen, B. T. (2021).
Acrtificial intelligence-driven innovation for enhancing supply chain resilience and performance.
International Journal of Production Research, 59(11), 1-19.
https://doi.org/10.1080/00207543.2020.1824085

e Fan, Y, Lee, C. K. M., & Tong, J. (2021). Real-time routing optimization for smart logistics based on
artificial intelligence. Transportation Research Part E: Logistics and Transportation Review, 148,
102242. https://doi.org/10.1016/j.tre.2021.102242

e Fernandez, R., & Ahmed, S. (2021). The Al skills gap in supply chain management: Challenges and
solutions. Journal of Operations Management, 65(4), 482-499.
https://doi.org/10.1016/j.jom.2021.102376

e Fukuda, T., Uchiyama, M., & Matsuno, T. (2019). Al-powered robotics and automation in warehouse
operations. IEEE  Transactions  on Industrial Electronics, 66(5), 3726-3734.
https://doi.org/10.1109/TIE.2018.2874572

e Gao, J., Koronios, A., & Selle, S. (2020). Data-driven logistics: The impact of Al and Big Data on
supply  chain  management.  Journal of  Business  Logistics, 41(4), 317-335.
https://doi.org/10.1111/jbl.12284

e Ghadge, A., Kara, M. E., Moradlou, H., & Goswami, M. (2020). The impact of industry 4.0
implementation on supply chains. Journal of Manufacturing Technology Management, 31(5), 669-686.
https://doi.org/10.1108/JMTM-10-2019-0368

e Green, T., Patel, V., & Williams, R. (2021). Al-driven supply chain forecasting: The next generation
of logistics planning. International Journal of Production Research, 59(8), 2315-2332.
https://doi.org/10.1080/00207543.2021.1909860

e Grewal, D., Roggeveen, A. L., & Nordfalt, J. (2020). The future of retailing. Journal of Retailing, 96(1),
95-100. https://doi.org/10.1016/j.jretai.2019.12.002

e Gunasekaran, A., Subramanian, N., & Rahman, S. (2021). Supply chain resilience in the era of Al and
digitalization: Challenges and strategies. Annals of Operations Research, 302(1), 1-20.
https://doi.org/10.1007/s10479-020-03705-4

o Gupta, S., Modgil, S., & Gunasekaran, A. (2020). Big Data in lean six sigma: The case of Al-enabled
supply chains. Computers & Industrial Engineering, 142, 106317.
https://doi.org/10.1016/j.cie.2020.106317

e Hald, K. S., &Kinra, A. (2019). How blockchain technology can improve transparency in supply chain
management. International Journal of Operations & Production Management, 39(4), 721-740.
https://doi.org/10.1108/1JOPM-03-2018-0144

e Handfield, R. B., Jeong, S., & Choi, T. Y. (2020). The role of Al in shaping future supply chain
strategies. Journal of Supply Chain Management, 56(3), 6-12. https://doi.org/10.1111/jscm.12237



https://doi.org/10.1108/IJPDLM-06-2018-0236
https://doi.org/10.1016/j.tre.2021.102327
https://doi.org/10.1016/j.ijinfomgt.2020.102263
https://doi.org/10.1080/00207543.2018.1499536
https://doi.org/10.1080/00207543.2020.1824085
https://doi.org/10.1016/j.tre.2021.102242
https://doi.org/10.1016/j.jom.2021.102376
https://doi.org/10.1109/TIE.2018.2874572
https://doi.org/10.1111/jbl.12284
https://doi.org/10.1080/00207543.2021.1909860
https://doi.org/10.1016/j.jretai.2019.12.002
https://doi.org/10.1007/s10479-020-03705-4
https://doi.org/10.1016/j.cie.2020.106317
https://doi.org/10.1108/IJOPM-03-2018-0144
https://doi.org/10.1111/jscm.12237

Journal of Asian Development Studies Vol. 14, Issue | (March 2025)

e Henderson, B., Miller, A., & Thompson, K. (2021). Last-mile logistics and Al: The impact of predictive
analytics on delivery efficiency. Journal of Business Research, 134, 264-278.
https://doi.org/10.1016/j.jbusres.2021.05.029

e Hoffman, D., & Xu, Y. (2021). Autonomous logistics and Al: The role of self-driving technology in
supply chains. International Journal of Physical Distribution & Logistics Management, 51(6), 557-
578. https://doi.org/10.1108/IJPDLM-03-2021-0124

e Huang, G. Q., Wang, X., & Zhang, X. (2020). Al in logistics and supply chain management: A
systematic review and future research agenda. International Journal of Production Research, 58(7),
2053-2077. https://doi.org/10.1080/00207543.2019.1683306

e Huang, X., Liu, Y., & Xu, X. (2021). Warehouse automation and Al-powered order fulfillment.
Computers in Industry, 129, 103445. https://doi.org/10.1016/j.compind.2021.103445

e lvanov, D., Dolgui, A., & Sokolov, B. (2019). The impact of digital technology and Industry 4.0 on the
supply chain: A conceptual analysis. Production Planning & Control, 30(6), 400-414.
https://doi.org/10.1080/09537287.2019.1612110

e lvanov, D., Dolgui, A., & Sokolov, B. (2021). Al-driven resilience in global supply chains: Challenges
and opportunities. International Journal of Production Economics, 233, 108005.
https://doi.org/10.1016/j.ijpe.2021.108005

e Kamble, S. S., Gunasekaran, A., & Sharma, R. (2020). Sustainable Industry 4.0 framework: A
systematic  literature  review.  Journal of Cleaner  Production, 249, 119348.
https://doi.org/10.1016/j.jclepro.2019.119348

e Kim, J, Park, H., & Song, J. (2019). Al-driven warehouse robotics: The impact of deep learning on
logistics automation. IEEE  Robotics and  Automation  Letters, 4(2), 1212-1219.
https://doi.org/10.1109/LRA.2019.2904509

e Kumar, A, Sureka, R., Lim, W. M., Kumar, P., & Mangla, S. K. (2021). Artificial intelligence in supply
chain management: A state-of-the-art review and future research agenda. Operations Research
Perspectives, 8, 100201. https://doi.org/10.1016/j.0rp.2021.100201

e Kumar, S., & Srivastava, R. (2020). Cost barriers to Al adoption in supply chain management: A global
perspective. Journal of Supply Chain Management, 56(4), 129-143.
https://doi.org/10.1111/jscm.12285

o Lee, C., & Lee, H. (2020). Al-driven demand forecasting: Improving supply chain responsiveness
through predictive analytics. Decision Support Systems, 140, 113438.
https://doi.org/10.1016/j.dss.2020.113438

o Lemke, F., Petersen, B., & Kruse, T. (2019). Al-enabled last-mile delivery optimization: Challenges
and  opportunities.  Journal of Retailing and Consumer  Services, 50, 12-21.
https://doi.org/10.1016/j.jretconser.2019.04.006

e MacCarthy, B. L., Blome, C., Olhager, J., Srai, J. S., & Zhao, X. (2019). Supply chain evolution-theory,
concepts, and science. International Journal of Operations & Production Management, 39(1), 1-33.
https://doi.org/10.1108/1JOPM-02-2017-0082

e Makridakis, S., Spiliotis, E., & Assimakopoulos, V. (2020). The accuracy of machine learning
forecasting methods versus statistical ones. International Journal of Forecasting, 36(1), 224-234.
https://doi.org/10.1016/j.ijforecast.2019.02.018

o Miller, J., & White, K. (2020). Al and customer satisfaction: How automated logistics solutions
improve e-commerce experiences. Journal of Retailing and Consumer Services, 55, 102395.
https://doi.org/10.1016/j.jretconser.2020.102395

e Min, H. (2019). Blockchain technology for enhancing supply chain resilience. Business Horizons,
62(1), 35-45. https://doi.org/10.1016/j.bushor.2018.08.012

e Min, H., &Kim, I. (2020). Al-based logistics cost optimization: A case study on predictive maintenance
and warehouse automation.  Expert  Systems  with  Applications, 164, 113893.
https://doi.org/10.1016/j.eswa.2020.113893



https://doi.org/10.1016/j.jbusres.2021.05.029
https://doi.org/10.1108/IJPDLM-03-2021-0124
https://doi.org/10.1016/j.compind.2021.103445
https://doi.org/10.1016/j.ijpe.2021.108005
https://doi.org/10.1016/j.jclepro.2019.119348
https://doi.org/10.1109/LRA.2019.2904509
https://doi.org/10.1111/jscm.12285
https://doi.org/10.1016/j.dss.2020.113438
https://doi.org/10.1016/j.jretconser.2019.04.006
https://doi.org/10.1016/j.ijforecast.2019.02.018
https://doi.org/10.1016/j.jretconser.2020.102395
https://doi.org/10.1016/j.eswa.2020.113893

Journal of Asian Development Studies Vol. 14, Issue | (March 2025)

e Monostori, L. (2018). Cyber-physical production systems: Roots, expectations, and R&D challenges.
Procedia CIRP, 17, 9-13. https://doi.org/10.1016/j.procir.2018.10.001

e Morganti, E., Dablanc, L., & Fortin, F. (2020). Al-powered solutions for urban freight logistics.
Transportation Research Part A: Policy and Practice, 141, 62-78.
https://doi.org/10.1016/j.tra.2020.10.004

e Nguyen, T. T., de Leeuw, S., Dullaert, W., & Foubert, B. P. (2020). Improving home delivery
efficiency: Assessing the impact of delivery time windows. International Journal of Physical
Distribution & Logistics Management, 50(4), 380-396. https://doi.org/10.1108/IJPDLM-03-2019-0072

e Pal, D., & Karakostas, B. (2020). Al in e-commerce fraud detection: A comparative study. Computers
& Security, 95, 101861. https://doi.org/10.1016/j.cose.2020.101861

o Patel, R., & Sharma, T. (2021). Al-powered fraud detection in supply chain finance: A data-driven
approach. Computers in Industry, 127, 103412. https://doi.org/10.1016/j.compind.2021.103412

¢ Raj, A, Dwivedi, G., Sharma, A., Jabbour, C. J. C., & Jabbour, A. B. L. d. S. (2020). Barriers to the
adoption of industry 4.0 technologies in the manufacturing sector: An inter-country comparative
perspective. International Journal of Production Economics, 224, 107546.
https://doi.org/10.1016/j.ijpe.2019.107546

¢ Riahi, L., Mohamed, M., & Bouhlel, M. S. (2020). Al adoption in supply chain logistics: Barriers and
facilitators. Technology in Society, 63, 101379. https://doi.org/10.1016/j.techsoc.2020.101379

e Rogers, P., & Baricz, A. (2021). Robotics and Al in warehouse management: The future of logistics
automation.  International  Journal of  Production  Research, 59(10), 2851-2868.
https://doi.org/10.1080/00207543.2021.1920113

e Schmidt, W., & Wagner, P. (2019). The impact of Al on logistics operations: Case studies in predictive
analytics. Journal of Supply Chain Management, 55(2), 75-91. https://doi.org/10.1111/jscm.12247

e Shanker, K., Ketzenberg, M. E., & Patel, R. (2021). Machine learning applications in logistics: The
case of UPS. Journal of Business Logistics, 42(2), 99-116. https://doi.org/10.1111/jbl.12284

e Sharma, A., Adhikari, S., Govindan, K., & Jha, R. (2021). Investigating the role of Al-enabled
cybersecurity capabilities in digital supply chains. Computers & Industrial Engineering, 154, 107146.
https://doi.org/10.1016/j.cie.2021.107146

e Tan, B., Rahman, S., & Singh, K. (2020). Overcoming Al integration challenges in supply chains: The
role of adaptive ERP systems. Information & Management, 57(6), 103317.
https://doi.org/10.1016/j.im.2020.103317

o Waller, M. A., & Fawcett, S. E. (2019). Data science, predictive analytics, and big data: A revolution
that will transform supply chain design and management. Journal of Business Logistics, 40(2), 77-84.
https://doi.org/10.1111/jbl.12200

e Wang, S., & Li, J. (2021). Al-powered sustainability in supply chains: Reducing carbon footprints
through intelligent logistics. Sustainable Production and Consumption, 28, 382-396.
https://doi.org/10.1016/j.spc.2021.05.019

e Zhang, L., Chen, Y., & Yu, H. (2021). Al and cybersecurity in logistics: Protecting supply chain data
against cyber threats. Computers & Security, 109, 102316. https://doi.org/10.1016/j.cose.2021.102316

e Zhang, Y., Ding, K., & Zou, H. (2021). The role of artificial intelligence in modern supply chains.
Expert Systems with Applications, 186, 115637. https://doi.org/10.1016/j.eswa.2021.115637



https://doi.org/10.1016/j.procir.2018.10.001
https://doi.org/10.1016/j.tra.2020.10.004
https://doi.org/10.1016/j.cose.2020.101861
https://doi.org/10.1016/j.compind.2021.103412
https://doi.org/10.1016/j.techsoc.2020.101379
https://doi.org/10.1080/00207543.2021.1920113
https://doi.org/10.1111/jscm.12247
https://doi.org/10.1111/jbl.12284
https://doi.org/10.1016/j.im.2020.103317
https://doi.org/10.1016/j.spc.2021.05.019
https://doi.org/10.1016/j.cose.2021.102316

