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Abstract

The aim of this research is to investigate barriers and challenges associated with Artificial Intelligence (AI)
adoption and implementation in the logistics operations. A systematic literature review was conducted to assess
the major categories of challenges as well as specific challenges for each category published in peer-reviewed
articles that are relevant to logistics operations. A total of 114 articles from six (6) electronic databases (i.e., IEEE
Xplore, Science Direct, Elsevier's Scopus, Web of Science. Springer link, Google Scholar) were analyzed. Based
on the findings, 7 major categories of barriers and challenges of Al adoption and implementation in the logistic
are identified:(organisational and managerial challenges, technological challenges, economic challenges, data
challenges, environmental challenges, social challenges, political, legal, and ethical challenges). Similarly, 16
specific challenges such as lack of top management support, internal requirement-organizational strategy, real-
time response, disconnected systems, technology complexity, skill and expertise, high investment, operational
costs, Al infrastructure, data standardization, scalability factors, data privacy and security, and insufficient
operational warchouse space were identified. This research provides a further benchmark for decision making for
logistics operation managers to deal with challenges and barriers in the adoption of Al in supply chain
management.
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1. Introduction

Artificial intelligence (AI), which can be understood as the theory and development of computer systems able to
perform tasks normally requiring human intelligence, has been forecasted as a technology that will revolutionize
business activities and engagement thereby, ushering in a radical change in the way business is traditionally
conducted (Halaweh 2018; Tizhoosh and Pantanowitz 2018, 2018; Sun and Medaglia 2019). Al impact is
projected to be valued like other leading technologies of the modern times that has enriched productivity of
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business (Klumpp 2018; Petit 2017; Fors et al. 2015; Sun and Medaglia 2019). Advantages of Al in terms of
productivity, efficiency, and global economic growth are significant and has been projected to deliver progressives
global economic activity in the coming years (Pavaloiu 2016; Davenport and Ronanki 2018; Jarrahi et al. 2018;
Dwivedi et al. 2019). Logistic operations being an important business segment in the supply chain management
(SCM) of organizations is seen as an area wherein Al will be vital for the improvement of efficiency, accuracy,
and speed of service delivery (Dubey et al. 2020). Al is also envisioned as a technology that can be used to
optimize operations and improve management strategies in response to the increasing complexity in
interconnectivity (Modgil et al. 2021; Haddud et al. 2017; Lee and Lee 2015; Jindal et al. 2021; Zhang 2019).

Application of AI technology falls into several categorizes which include (1) Intelligent operation rule
management, (2) Intelligent warehouse location, (3) Intelligent decision-making assistance, (4) Image recognition,
and (5) Intelligent scheduling. In Logistics industry, artificial intelligence technology also focuses on the fields of
intelligent search, reasoning planning, and intelligent robots (Grzeszick et al., 2016; Dwivedi et al., 2019; Dubey
et al., 2020). Al can also be observed as a set of technologies that are interrelated with the aim to solve complex
problems (Zhang et al., 2014). It is believed that companies that apply extensive use of Al are receiving a great
advantage in terms of decreased downtime, improved efficiency, and increased customer satisfaction (Chen et al.,
2015). There are numerous examples and possibilities for applying robots in logistics such as intelligent robots
for collecting, commissioning, and sorting of goods; robots for unloading containers based on optical character
recognition) (OCR) technology (Klumpp 2017; Chung 2021).

Al in logistics can also provide optimal solutions for vehicle routing and consequently reduce cost, ensure
predictive forecasting for demand, accelerate decision-making, and increase customer satisfaction through the
personalization of logistics services (Fors et al. 2015; Petit, 2017; Klumpp 2018). However, in as much as Al
benefits are overwhelming, adoption and implementation in the logistic operations are still in its infancy (Kaplan
& Haenlein 2020). Hence, a better understanding of barriers and challenges is vital to appropriately harness the
potential benefits based on available resources that will maximize returns. Therefore, this literature review aims
to provide a further benchmarking on decision making for logistics managers in the supply chain management.

2. Materials and methods

This research was conducted utilizing a systematic literature review process following the guidelines provided
by Kitchenham et al. (2015). The following major stages was adopted for the systematic literature review

(1) Research Questions. This comprises a set of formulated research questions based on the main objective
of the research.

(2) Literature Search Approach. The literature search approach involves the initial search procedures for
key studies utilizing terminologies, literature resources and relevant information.

(3) Selection of Studies. This involves the definition of criteria for inclusion and exclusion of studies.

(4) Data Synthesis. This involves the procedure used for synthesizing data gathered to address the stated
research questions.

(5) Discussion and conclusion. This involves the examination and consideration of results from the
synthesis and analysis of the data extracted.

2.1 Research. Questions (RQ)

The research questions centers specifically on major problem of the research which is determined the barriers
and challenges hindering the adoption and implementation of Al in the logistics operations of the supply chain
management. The stated research questions, strategy for analysis, and criteria are enumerated in table (1).

Table 1. Questions and Analysis Criteria

Questions Strategy Description

Research What are the categories of challenges to Al adoption and implementation in
Question logistics operation in the supply chain management for the past 10 years (2013-
one 2022)?

(RQD) Analysis Number of studies, and date of publication
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Criteria Database, location
Research From the perspective of each category, what are the specific challenges that
question impedes adoption and implementation of Al in the logistics operations in the
two supply chain management?
(RQ2) Analysis Content analysis

Criteria Specific areas, sections, departments in logistics transport.

2.2 Literature Search Approach

The literature search approach detailed by Achimugu et al. (2014), which include search strings, literature sources,
and search process was followed.

Search String

According to Rowley and Slack (2004), search strings should be specific. Hence, the following key words were
included in the search strings.

Artificial Intelligence/challenges/barriers/logistics/ Supply chain management
Al /Implementation/ Adoption/Transport Challenges

Al/ implementation/Warehouse Challenges

9 EEINNT3

The key search words were: “artificial Intelligence,” “Al” “logistics,” “supply chain,” “management,”
“adoption,” “implementation,” “warehouse,” “transport,” “challenges”. These key words were selected to create
broadened scope for outcomes dealing with the main research emphasis which is to identify challenges to Al
adoption and implementation in the logistics operations. To search for relevant studies, Boolean operators were
employed to gather literature that is as appropriate as possible, “AND” and/or “OR” operators were used for
databases and search engines which include IEEE Xplore, Science Direct, Elsevier's Scopus, Web of Science,

Springer link, and Google Scholar

2 ¢ 29 ¢

2.2.2 Literature resources

In order to locate relevant studies, a proper search engine (s) was selected as well as search strings with broad
based databases for the primary search. The databases selected with broad coverage of peer-reviewed literature
for the stated research questions include IEEE Xplore, Science Direct, Elsevier's Scopus, Web of Science,
Springer link, and Google Scholar. These databases were investigated using search strings specifically looking
for contributions relevant to the research question. Search strategies were established to ascertain studies on Al
technology implementation. The databases searched include IEEE Xplore, Science Direct, Scopus, Springer link,
Web of Science, and Google Scholar. For a precise search, the following keywords were used: “Artificial
intelligence in logistics,” “Supply chain management,” “Implementation,” “Logistics operation,” “Challenges.”
Search included research publications from 2013- 2021. In terms of language restrictions, searches were limited
to articles in English language (Table 2).

2.2.3 Selection of Studies

Selection of studies was primarily focused on published articles specifically on Al adoption and implementation
challenges in the logistics operations for the enhancement of efficiency and accuracy in the areas of transport and
warehousing operations
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2.2.4 Inclusion and exclusion measures
For inclusion measures, the following criteria was followed:
-Peer-reviewed articles and conference proceedings published from 2013 to 2022

-Systematic literature reviews with stated research questions, literature search process, and data analysis.

For exclusion measures, the following criteria was followed:

- Any articles or conference proceedings before 2013 were excluded, thereby restricting the search to the last 10
years.

- Articles with that lacks defined research questions, defined search process, and data analysis.
As shown in figure (1) and summarised in Table 2, 600 articles were accessed from six (6) databases
Specifically, from (IEEE Xplore, Science Direct, Scopus, Springer Link, Web of Science, and Google Scholar).

Using the criteria of exclusion and inclusion, the initial screening of articles resulted to 375 articles being
selection. Furthermore, two subsequent phases were conducted. The first phase involves screening for titles and
abstracts and the second phase involves reading the main text. The first phase of screening for titles and abstracts
resulted to 175 articles being selected after discarding articles due to a lack relevance to the study’s title. The
second phase of screening focused on main text reading. This involved evaluation of contents of discussions
relating to the study’s title focusing on barrier and challenges to Al implementation in the logistics operations,
this phase of screening resulted selection of 114 articles most relevant to the research topic and research
questions.

Table 2. Summary of the databases and searches

Initial Screening First Screening: Second Screening
Databases Articles Excluded After Titles and Main text reading Main
Initially Screening Abstracts selected
retrieved articles
IEEE Xplore 90 62 38 13 13
Science Direct 130 52 35 10 10
Elsevier's Scopus, 120 65 42 12 12
Web of Science 88 62 30 11 11
Springer link 117 80 20 5 5
Google Scholar 100 54 35 10 8
Total 600 375 175 114 114

3. Results

The section presents results based on the data gathered from peer-reviewed articles and conference proceedings
published from 2013 to 2022.
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3.1 Data Synthesis

As suggested by Denyer and Tranfield (2009), synthesis of data involved the extraction of literature according to
time span and distribution of studies by year, and thematic analysis of the data to respond to the stated research
questions mainly focusing on the challenges impending the adoption and implementation of Al in the logistics
operations.

3.2. Time span and distribution of studies by year

Figure 2 presents the time span and distribution of studies. As shown in figure (2), the time span of this literature
review was from 2013 to 2022, encompassing peer-reviewed journals identified through search from databases.
Accordingly, five (5) studies was extracted in 2013, seven (7) studies in 2014, 19 studies in 2015, nine (9) studies
in 2016, 11 in 2017. Similarly, 16 studies was extracted in 2018, 10 studies in 209, 13 studies in 2020, 20 studies
in 2021, and four (4) studies in 2022 respectively. Based on the extracted studies, 2021 has the largest number of
publications dealing with Al adoption and implementation barriers and challenges.

30
19 20
20 E 16 13 |
. = 9 11 E 10 - =
ws 7 B ¢ B B g B B -
0 = = = = = = = = = =
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 2. Time span and distribution of studies by year
3.3. Analysis of categories of Al challenges

Table 3 shows the summary of categories of Al challenges and specific challenges for each category extracted
from the assessed articles. Out of the 114 articles assessed, eight (8) categories of Al adoption and implementation
challenges and 16 specific challenges or barriers was identified.

Table 3. Summary of categories of challenges

Category of Challenges Specific challenges Reference
Organisational and managerial Lack of top (Klumpp, 2018; Petit, 2017; Fors et al.,
challenges management support 2015; Kircher and Ahlstrom, 2015; Sun and

Medaglia, 2019; Tizhoosh and
Pantanowitz, 2018, 2018; Kane et al., 2018;
Vogelsang et al., 2019; Abdulrahman et al.,
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2014; Jayanta et al., 2014; Al Sheibani et
al. 2018; AlShamsi et al. 2021).

Internal requirement-
Organizational strategy

(Jawandhiya 2018; Xu et al. 2019; Dwivedi
et al., 2019; Wirtz et al., 2019).

Technological challenges

Real-time response

(Sah et al., 2021; Sun and Medaglia, 2019)

Disconnected systems

(Kahn, 2017; Haddud et al., 2017; Yang et
al., 2019; Dwivedi et al., 2019. Aoun et al.,
2021).

Technology
complexity

(Mathauer and Hoffmann 2019;
Gunasekaran et al., 2017; Asare et al.,
2016. Hofmann and Osterwalder, 2017).

Skill and expertise

(Modgil et al., 2021; Haddud et al., 2017,
Lee and Lee, 2015; Jindal et al., 2021;
Zhang, 2019; Davenport and Ronanki,
2018; Pavaloiu, 2016; Dwivedi et al.,
2019).

Economic challenges

High investment

(Tizhoosh and Pantanowitz, 2018, 2018;
Sun and Medaglia, 2019; Bughin et al.,
2018; Cambhi, 2018; Paschen et al., 2019;
Alam et al., 2015; Tu, 2018)).

Operational costs

(Sjeberg, 2019; Mahroof 2019; Sun and
Medaglia, 2019; Duan et al., 2019;
Iliashenko et al., 2019).

Al Infrastructure

(Bogna-Mroéwczynska, 2015; Bazzan and
Kligl, 2013; Sherman and Chauhan, 2016;
Mercan et al., 2018; Stellios et al., 2018;
Stores et al., 2017; Mistry et al., 2020;
Wang et al., 2021).

Data challenges

Data Standardization

(Tizhoosh and Pantanowitz, 2018; Carlos et
al., 2018; Khanna et al., 2013; Xu et al.,
2019; Khanna et al., 2013; Xu et al. 2019;
Dwivedi et al. 2019).

Scalability factors

(Varga-Szemes et al., 2018; Sun and
Medaglia, 2019).

Data privacy and
security

(Chen et al. 2015; Pahukula et al., 2015;
Pattinson and Thompson, 2014; Dawson et
al., 2014; Anund et al., 2017; Brown et al.,
2017; Childress et al., 2015; Chatfield and
Reddick, 2019; Wirtz et al., 2019;
Androutsopoulou et al., 2019; Mullet et al.,
2021; Naanani and Aziz, 2021; Umran et
al., 2021; Wirtz et al. 2019).

Environmental challenges

Insufficient operational
warchouse space

(Singh et al., 2021; Helo and Hao 2021;
Kua et al. 2021; Rehman et al., 2021;
Mercan et al., 2021; Mahroof, 2019).

Inadequate warehouse
structure

(Sjeberg, 2019; Mahroof, 2019; Guo et al.,
2016; Venkitasubramony and Adil, 2017,
Derhami et al., 2017; Boysen et al., 2017)

Inventory management
issues

(Xu et al., 2019; Sun and Medaglia, 2019).

Lack of transport
drivers’ acceptance of
autonomous vehicles

(Hoff and Bashir, 2015; Rezvani et al.,
2016; Levin and Boyles, 2016; Talebpour
and Mahmassani, 2016; Wietholt and
Harding, 2016).

Social challenges

Lack of employee
cooperation

(Sharma, 2020, Soni et al., 2020; Agrawal
et al., 2020; Babic et al., 2020; Metcalf et
al., 2019; Sajjadiani et al., 2019).
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Employees training (Klumpp, 2018; Petit, 2017; Li, 2017; Fors
et al., 2018; Thrall et al., 2018; Varga-
Szemes et al., 2018; Thrall et al., 2018;
Mitchell, 2019; Sharma, 2020).

Unemployment (Kianfar et al., 2013; Urciuoli and Hintsa,
2017; Ernst et al., 2019; Owczarek, 2018).
Political, legal, and ethical Lack of rules on ethics | (Klumpp, 2018; Petit, 2017; Abdulrahman
challenges and liability guiding et al., 2014; Jayanta et al., 2014;
Al technology Kalyanakrishnan et al., 2018; Fagnant and
Kockelman, 2015)
Lack of trust (Kwak and Lee, 2021; Al Kurdi et al.,

2020; Almaazmi et al., 2021; Alshurideh et
al., 2021; Mehrez et al., 2021; Nuseir et al.,
2021; AlSuwaidi et al., 2021; Alzoubi and
Yanamandra, 2020; Hayajneh et al., 2021;
Rajgopal, 2016; Ali et al., 2022; Alnuaimi
et al., 2021; AlShehhi et al., 2021; Alzoubi
etal., 2021).

4. Discussion
This section presents discussion based on research questions.

Research Question one (RQ1): What are the categories of challenges to Al adoption and implementation in
logistics operation in the supply chain management for the past 10 years (2013-2022)?

One hundred and fourteen articles were assessed within the time span of this research (2013 to 2022). Out of the
114 articles assessed, seven (7) categories of Al adoption and implementation challenges was identified. This
include organisational and managerial challenges, technological challenges, economic challenges, data
challenges, environmental challenged, social challenges, political, legal, and ethical challenges.

Research Question two (RQ2): From the perspective of each category, what are the specific challenges that
impedes adoption and implementation of Al in the logistics operations in the supply chain management?

Out of the seven categories of challenges, 16 specific challenges were identified. Kene et al. (2018) point out that
lack of organizational and management support impedes digital transformation (Al) in the logistics operations.
Vogelsang et al. (2019) emphasized Organizational and cultural barriers such as keeping traditional roles and no
clear vision. Dwivedi et al. (2019) mentioned that organizations should focus on developing and maintaining
information resources in order to succeed in exploiting Al technology.

Mathauer and Hoffmann (2019) mentioned that adoption of technology in logistics operations is a struggle for
managers. Gunasekaran et al. (2017) and Asare et al. (2016) emphasized that managing the complexities Al
technology remains an impediment. Hofmann and Osterwalder (2017) points out that the challenge of digital
development business models impedes Al technology. In this case lack of organizational technological readiness
may cause a gap between digitalization and digital transformation, which is crucial for organizations to succeed
on their Al journey. Dwivedi et al. (2019) emphasized that lack of organizational technological readiness impedes
digitalization which is vital for organizations to succeed in Al implementation. Skill and expertise is a vital
necessity for Al implementation, hence, the lack of professional and comprehensive talents in logistics operations
across the global value chain with ample understanding of data science, information technology significantly
impacts adoption and implementation (Modgil et al. 2021; Haddud et al. 2017; Lee and Lee 2015; Jindal et al.,
2021). Employees lack of technical knowledge of Al technology hampers implementation (Sun and Medaglia,
2019). This can lead to disappointments when employees cannot use available technology to deliver expected
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results (Lee and Lee, 2015). Thus, having correct skills and competence needed to manage Al technology remains
a major challenge (Davenport & Ronanki 2018; Pavaloiu 2016; Dwivedi et al. 2019).

The category of economic challenges constitutes a major impediment to the adoption and implementation of Al
in logistics operation in the supply chain management. This category was emphasized by various articles
(Tizhoosh and Pantanowitz 2018, 2018; Sun and Medaglia, 2019; Bughin et al. 2018; Camhi 2018; Paschen et
al. 2019; Alam et al. 2015Tu, 2018); Sjeberg 2019; Mahroof 2019; Sun and Medaglia 2019; Duan et al. 2019).

High investment in equipment and hardware in Al data processing is a major challenge (Tizhoosh and Pantanowitz
2018, 2018; Sun and Medaglia 2019) Al technology requires a huge amount of resources and as such there is
hesitation regarding return on investments (Alam et al. 2015; Tu 2018)).

The issue of operational cost within the organization regarding data transfer is vital consideration that hampers
implementation (Sun and Medaglia 2019; Duan et al. 2019; Iliashenko et al. 2019). Soosay et al. (2018), states
that in the logistics operations there is low adoption of collaborative planning forecasting and replenishment
(CPFR) by upstream actors which is a major economic challenge. This impediment further leads to retailers
encountering challenges of investment and time period required to constantly update in-house data management
solutions or third-party forecasting systems (Sjeberg 2019; Mahroof 2019; Sun and Medaglia 2019).

In the category of data challenges, the issue of data standardization is a focal point (Tizhoosh and Pantanowitz
2018; Carlos et al. 2018; Khanna et al. 2013; Xu et al. 2019; Khanna et al. 2013; Xu et al. 2019; Dwivedi et al.
2019). Standardizing data or devising infrastructures to deal with computationally rigorous task constitutes
complex problem that might not be easily oversee within a certain time frame (Leitao et al. 2016). Similarly, the
issue of data privacy and security remains a vital impediment (Dawson et al., 2014; Anund et al. 2017; Brown et
al. 2017; Childress et al. 2015; Chatfield and Reddick 2019; Wirtz et al. 2019; Androutsopoulou et al. 2019;
Mullet et al. 2021; Naanani and Aziz 2021; Umran et al. 2021; Wirtz et al. 2019). Additionally, global standards
and data sharing protocols, security and unclear benefit in digital investment increase the incidence of impediment
(Wirtz et al. 2019).

In the category of environmental challenges which involves factors relating to warehousing, the challenge of
operational space for Al technology stands out as an impediment to adoption and implementation (Singh et al.,
2021; Helo and Hao 2021; Kua et al. 2021; Rehman et al. 2021; Mercan et al. 2021; Mahroof 2019). From a
warehouse perspective, the use of Al technology undoubtedly introduces radical changes to the operational design
and model of the warehouse (Sjoberg 2019; Mahroof 2019). This, therefore, demands the need for adequate
warehouse structure to accommodate Al technologies for picking and ordering activities which is a major focus
of warehouse operations (Mercan et al. 2021; Mahroof 2019). Inadequate warehouse structure impedes adoption
and implementation as design of warehouses relies on balancing layout configuration, storage density, and
flexibility (Venkitasubramony and Adil 2017; Derhami et al. 2017; Boysen et al. 2017; Guo et al. 2016).

Social challenges category involves specific challenges such as lack of employee cooperation, employees training,
and unemployment (Sharma 2020, Soni et al. 2020; Agrawal et al. 2020; Babic et al. 2020; Metcalf et al. 2019;
Sajjadiani et al., 2019). Employees resistance to change in their traditional working procedures impedes Al
industries (Kane et al. 2018; Osmundsen et al. 2018). Al implementation requires allocation of resources massive
training of employees to adaption to new work responsibilities (Ni et al. 2017; Wirtz et al. 2019; Sun and Medaglia
2019). Intensive technological skill is vital for Al as huge amount of data is required. This equally will add to the
need for training which may not be economically feasible for many logistics organizations (Sun and Medaglia,
2019). Ernst et al. (2019) point out that challenges of Al implementation in the logistics includes the fear of
inequality in job creation which involves scenarios where mid-level jobs are substituted by low-end and high-end
ones leading to unemployment (Metcalf et al. 2019).

Political, legal, and ethical challenges categories encompasses factors such as Lack of rules on ethics and liability
guiding Al technology (Petit 2017; Klumpp 2018; Abdulrahman et al. 2014; Jayanta et al. 2014; Kalyanakrishnan
et al. 2018; Fagnant and Kockelman 2015). Lack of specific laws and regulations that encourages motivation is
considered as a major challenge to Al implementation (Klumpp 2018). Wirtz et al. (2019) points out that unclear
laws or legal ramifications concerning the interplay of ethical issues in Al technology such as social norms and
standards in terms of s honesty and loyalty is hampering implementation. Trust in Al technology despite the
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advantages accounts for a major challenge of Al implementation (Sun and Medaglia 2019). The issue of data
sharing and the inability of data protection still constitutes a vital argument towards trust in Al technology as
people do not trust certain features embedded in the technology (Schlogl et al. 2019; Lauterbach 2019).

5. Conclusions

This research assessed barriers and challenges to artificial intelligence (AI) implementation in logistic operations
through systematic literature review of published articles for the past ten years (2013-2022. About 114 articles
was assessed from six (6) data bases (IEEE Xplore, Science Direct, Elsevier's Scopus, Web of Science. Springer
link, Google Scholar). Findings revealed seven (7) major categories of barriers and challenges (Organisational
and managerial challenges, technological challenges, economic challenges, data challenges, environmental
challenged, social challenges, political, legal, and ethical challenges). Under the seven (7) categories, 16 specific
challenges were identified (Lack of top management support, Internal requirement- Organizational strategy, Real-
time response, Disconnected systems, Technology complexity, Skill and expertise, High investment, Operational
costs, Al Infrastructure, Data Standardization. Scalability factors. Data privacy and security. Insufficient
operational warehouse space). This research has practical implications for the logistics manager in the sense that
it serves as a further benchmark to aid in decision-making concerning Al adoption and implementation in the
logistics operations.
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