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Abstract

This study examines the strategic role of digital transformation and Artificial Intelligence (A1)
deployment in driving sustainable logistics management within the context of Addis Ababa,
Ethiopia. Amidst institutional efforts such as the Digital Ethiopia 2025 framework, a notable
implementation gap persists between high-level policy visions and localized operational
realities. To evaluate this ecosystem, the study adopted a quantitative, descriptive research
design. Primary empirical data was gathered via structured questionnaires from 108 validated
practitioners (a 90% response rate) across strategic public institutions including the Ethiopian
Shipping and Logistics Service Enterprise (ESLSE) and the Ethiopian Artificial Intelligence
Institute (EAII) and premier private logistics firms. The empirical findings reveal a highly
fragmented digitization landscape. While baseline transactional technologies, such as real-
time GPS fleet telematics (M = 3.89) and FinTech payment solutions (M = 4.04), exhibit high
adoption integration, critical core logistics frameworks, including Automated Warehouse.
Management Systems (WMS) and customs-linked Electronic Data Interchange (EDI), remain
moderately underutilized. Furthermore, advanced Al maturity is severely constrained by
systemic infrastructural deficits, primarily unreliable power grids and a scarcity of localized
Al technical vendors, alongside prominent organizational barriers such as prohibitive capital
requirements and localized digital literacy gaps. Conversely, structural optimization models
indicate that advanced Al deployment yields substantial latent opportunities for sustainable
logistics, specifically driving economic cost-efficiencies, reducing fossil fuel consumption, and
elevating end-to-end supply chain transparency. To mitigate these structural friction points, the
study concludes with a policy roadmap, emphasizing the immediate imperative for targeted
government-backed digital skills training frameworks, import tax exemptions on specialized
logistics hardware, and the establishment of a unified national data-sharing infrastructure.

Keywords: Artificial Intelligence, Digital Transformation, Sustainable Logistics Management,

Infrastructure Readiness, Supply Chain Integration, Addis Ababa, Ethiopia.
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CHAPTER ONE

1. INTRODUCTION

1.1. Background of the study

The world is facing the Fourth Industrial Revolution at a speed that has never been experienced
before, which is typified by the technological advancements that are changing the living,
communication, working, and business styles (Federal Democratic Republic of Ethiopia 2020).
The current developments that organizations are facing are occasioned by the innovation of
different emerging technologies such as Artificial Intelligence, Internet of Things, and Big
Data, to name a few, that are associated with different approaches to living (Federal Democratic
Republic of Ethiopia 2020). The application of personalization approaches based on Artificial
Intelligence, for instance, to enhance customer engagement and business efficiency, is
increasingly being conducted by business organizations across the globe (Nebiyu 2024).
However, the speedy approach also threatens the whole global community, including cyber
threats and possibly the increased socio-economic divide (Federal Democratic Republic of

Ethiopia 2020).

The use of digital transformation and financing innovations in the African environment is
regarded as an imperative mechanism to adopt by the Micro, Small, and Medium-Sized
Businesses to eliminate structural problems and be incorporated into the regional value chain,
according to UNDTAD 2025.The African Continental Free Trade Area (AfCFTA) is identified
as the strategic framework that will harness this chance to remove trade frictions and
transaction costs using digital platforms (UNDTAD 2025). Yet, African companies remain with
issues regarding infrastructural development, which the adoption of digital technology will

remove through improving the efficiency of the border supply chain (Amanuel 2025).

Ethiopia has overtly treaded into a technology-driven path through its Digital Ethiopia 2025
initiative and long-term targets have shifted to Digital Ethiopia 2030, where it intends to
leverage digital opportunities for inclusive prosperity. (Federal Democratic Republic of
Ethiopia 2020). The country's vision focuses on four main sectors that need structural
transformation, including unleashing value in agricultural systems, enhancing manufacturing
value chains, developing an information and communications technology (ICT) enabled
service sector, and enhancing tourism competitiveness (Federal Democratic Republic of

Ethiopia 2020). Although Ethiopia has still not tapped its digital potential, it has made



commitments to ensure that the digital environment is enabled by providing increased network
coverage and digital IDs, as well as by liberalization in the ICT industry that prevents digital
complacency (Federal Democratic Republic of Ethiopia 2020; Ferede 2025).

Addis Ababa is selected to be the central focus for the research for the reason that it is the
dynamic urban center and the seat of government for the government of Ethiopia, which marks
the major developments in the digital field (Lydia 2024). The fact that it is the seat of
government makes it the central point for the implementation of strategies to take place, with
major institutional headquarters such as the Ministry of Innovation and Technology located

there (Federal Democratic Republic of Ethiopia 2020).

Addis Ababa is a node of technological experimentation and adoption, and it has notable
entities that are in a different level of digital transformation, exemplified by the likes of Fairfax
Solutions Tech PLC and the Ethiopian Commodity Exchange (ECX) (Gelila 2024; Biruk
2021). As a metropolitan node, it has the best setting to monitor the effectiveness of the use of
Al in managing projects, e-commerce, and the provision of public service Delivery on the
Woreda level (Lydia 2024; Nebiyu 2024). As the metropolitan node of the country, it represents
the engine of innovation of the whole nation because the success and difficulties of the

Ethiopian Digital Transformation are visible and felt in this zone (Ferede 2025).
1.2 Problem Statement

In spite of being strategically located as the diplomatic capital of Africa, where it remains the
primary experiment ground of Digital Ethiopia 2025, a considerable dissonance still exists
between the digital vision and realities of this city (Federal Democratic Republic of Ethiopia
2020). The city remains an innovation engine of the country, which encompasses key
infrastructural bases such as Ethio ICT Village and headquarters of mainstream financial
institutions, while being faced with contradictions inherent within a "digital paradox,"
characterized by a gap between strategic planning and implementation at both public and
private sectors of this city (Federal Democratic Republic of Ethiopia 2020; Gelila 2024; Lydia
2024).

Practice Gap: The urban digital divide and operation silos a large practice gap is exhibited in
the lack of balanced digital capabilities in the city. While Addis Ababa has comparatively
improved infrastructure compared to rural areas, it is still faced with critical reliability
problems, such as frequent electricity cuts and unstable internet accessibility, which interferes

with the delivery of live digital solutions (GIZ 2022; UNCTAD 2025). Within the public
6



domain, specifically in local Woreda administration administrations, digitalization programs
are instead hindered by the extreme digital ignorance gap among line staff, hindering
acceptance of new technologies and the ability to fully exploit available technology (Lydia,
2024). Even then, problems related to operational silos exist; for example, while the Ethiopian
Commodity Exchange (ECX) has implemented digitalized storage, its interlink with
transportation networks is instead fragmented, resulting in the lack of comprehensive end-to-
end supply chain visibility (Biruk, 2021). Thus, there is a muddled digital environment wherein
different computer programs do not speak the same language, causing an inefficiency in the

overall effectiveness of the "smart" program in the city (UNDP 2022).

Empirical Gap: The need for Addis Ababa data; there is a serious lack of localized research
studies isolating Addis Ababa’s particular context from other studies concerned with national
information. Much of the research regarding Artificial Intelligence and digital transformation
is concerned with either developed nations or contains averaged national statistics that
disregard particular city information (Gelila 2024). There is a serious lack of localized
information regarding how particular Al-enabled project management solutions function
within Addis Ababa’s context of constrained resources in a way that specifically engages with
the Addis Ababa construction and technology industries (Gelila 2024). Additionally, though
there is a movement for more online consumption of goods and services, there is a severe
condition of a lack of particular information regarding how particularized personalization
strategies through Artificial Intelligence function on Addis Ababa’s particular generation of

internet-savvy youth (Nebiyu 2024).

Lastly, there is also a policy gap with regards to technological advancement and the regulatory
response to it. In recent years, digital platforms for e-commerce and gig economy services have
grown rapidly in the capital. This has shown how there is still a gap in creating comprehensive
policies for data privacy, security, and consumer rights (Federal Democratic Republic of
Ethiopia 2020). Present policies also have not provided enough regulatory sandboxes
specifically for the capital's start-up businesses, making innovators and entrepreneurs grapple
with non-beneficial bureaucratic processes to achieve innovation (UNCTAD 2025). In
addition, there is also no united data governance for policies of municipal agencies. This also
creates difficulties in addressing big data for solving identified ultimate issues in the capital,
such as managing traffic and delivering utilities (Policy Studies Institute 2025; Amanuel 2025).

This research study could resolve these issues.



1.3. Objective of the Study
1.3.1 General Objective

To determine the role of leveraging digital transformation and Artificial Intelligence for
sustainable logistics management; analysis of opportunities, adoption barriers in and policy

imperatives on logistics sector Addis Ababa.

1.3.2 Specific Objectives

1  To determine the existing level of the digital transformation and Al adoption in logistics
sector in Ethiopia.

2 To identify opportunities of digital transformation and artificial intelligence adoption in
logistics sector for sustainable logistics management.

3 To examine the hypothesized impact of digital transformation barriers, infrastructure
readiness, and policy frameworks on the dimensions of sustainable logistics management
in Addis Ababa.

4 To analysis the policy requirements of digital transformation and Al adoption in logistics
sector for sustainable logistics management.

1.4 Research Questions
Below are the key research questions to be answered,

1. What is the current level of digital transformation and Al adoption in the logistics sector
in Ethiopia?

2. What opportunities do digital transformation and Al adoption offer for sustainable
logistics management in the Ethiopian logistics sector?

3. To what extent do digital transformation maturity, organizational barriers, and policy
readiness predict sustainable logistics management outcomes in Addis Ababa's logistics
sector?

4. What policy requirements are necessary to support digital transformation and Al
adoption for sustainable logistics management in the logistics sector?

1.5 Scope of the study

The research project will be limited to the geographical boundaries of Addis Ababa, the heart
of Ethiopia in terms of politics, economy, and technology. The selection of Addis Ababa as the
focal point is motivated by the fact that it provides the key platform to pilot the Digital Ethiopia
2025 Vision and Ten-Year National Development Plan (2020-2030) (Federal Democratic



Republic of Ethiopia 2020). Government bodies that include the Ethiopian Artificial
Intelligence Institute and the Ministry of Innovation and Technology assist the nation in
implementing advanced technologies such as Al, Big Data, and the Internet of Things (IoT).
This is through the implementation of such technologies both in government institutions as
well as in private organizations. Additionally, the study explores how this digital transformation
projects affect city residents and municipal workers in Addis Ababa, particularly regarding the

urban digital divide. (Lydia 2024).

Theoretical concepts revolve around the notion of digital transformation and the use of Al
technology in urban governance, project management, e-commerce, and institutional
modernization in Addis Ababa. Important theoretical concepts include smart city development,
adoption of Al, big data, Internet of Things (IoT) integration, digital governance, and digital
inclusion. The study also looks at the concept of the “digital paradox,” where despite adopting
and implementing smart city initiatives, other challenges like lack of internet infrastructure,
digital illiteracy, institutional incapability, and inequity in digital services still exist (Lydia

2024).

In this study, the concepts associated with policy and institutional frameworks that govern the
process of Ethiopia’s digital transformation strategy are also considered, including stakeholder
cooperation between government organizations, cybersecurity agencies, and the private sector
for the digital transformation (Federal Democratic Republic of Ethiopia 2020). Also, this study
takes into account the practical application of artificial intelligence and machine learning in
organizational project planning, digital supply chain management, and customer behavior
analysis using Al-based recommendation systems in e-commerce sites. This includes the digital
transformation of some elements of the Ethiopian Commodity Exchange’s supply chain despite
various economic, political, and legal challenges involved in digital transformation (Biruk
2021). Similarly, the application of artificial intelligence and machine learning by Fairfax
Solutions Tech PLC to improve project planning and management (Gelila 2024) is an example
of Al enabled digital transformation. Also, the effect of Al on customer purchase intentions
through recommendation systems used by online retailers such as Shein in shaping customer
preferences in Addis Ababa (Nebiyu 2024) exemplifies the impact of Al on digital

transformation.

The research will precisely take place within carefully selected government institutions, state-

owned enterprises, and private organizations based in Addis Ababa and engaged in logistics



management, adoption of digital technologies, and policymaking. Among those who will be
considered members of the research's target population include individuals who participate in
logistical activities, digitalization, technological innovation, and digital policymaking in Addis
Ababa. In this regard, the selected population consists of the following institutions and
organizations' employees, managers, experts, and policymakers: the Ethiopian Shipping and
Logistics Service Enterprise, the Ethiopian Commodity Exchange, the Ministry of Innovation
and Technology, the Ethiopian Artificial Intelligence Institute, and some private logistics and
technology firms based in Addis Ababa, such as Akakas Logistics, Pave Logistics, and
MACCEFA Freight Logistics. They have been selected due to their significance in the logistics
industry, technology innovation, and digital policymaking in Ethiopia. Besides, the selected
organizations have been in operation for more than a decade now, hence offering them ample

experience for the study.
1.6 Significance of the study

The relevance of the study is based on the potential for overcoming the critical digital paradox
in the logistics industry in Addis Ababa through the provision of a holistic analysis for the
utilization of digital transformation and Artificial Intelligence (Al) for effective and sustainable
management. From the scholarly perspective, the study fills the significant gap in the empirics
through the supply of context-specific knowledge beyond the national averages, focusing on
the identified complexities related to Al-related project management and supply chain
digitization concepts in a resource-poor urban setting (Nebiyu 2024; Gelila 2024). From the
perspective of the potential applications, the study provides a strategic template for logistics
firms and bodies like the Ethiopian Commodity Exchange (ECX) and the Ethiopian Shipping
and Logistics Service Enterprise (ESLSE) to move beyond the current fragmented approach to
adopt end-to-end visibility for improved economic efficiency and environmental sustainability

(Biruk 2021; Tsegaye 2024).

On a policy level, it offers a level of empirical evidence that would help improve the Digital
Ethiopia 2025 strategy that needs to be established regarding regulatory sandboxes and data
governance frameworks that would help facilitate start-up innovation (Federal Democratic
Republic of Ethiopia, 2020; UNCTAD, 2025). Moreover, in trying to fill the gap in digital
ignorance, this study informs data-related practices that would ultimately help move Addis

Ababa into becoming an effective engine of innovative activities that would mitigate frictions

10



in trade and give Addis Ababa a role in the broader regional value chain (Lydia, 2024; Ferede,
2025; Amanuel, 2025).

1.7 Organization of the Study

This study will be covered within five chapters, all of which analyze the implementation of
digital transformation and artificial intelligence in the logistics sector of Addis Ababa. In
chapter one, the introduction of the research will be described together with its background,
problem statement, objectives of the study (both general and specific), research questions,
scope, and significance of the study. Chapter two will contain a review of relevant literature
from both theoretical and empirical viewpoints. The topics that will be covered there include
digital transformation and artificial intelligence, sustainable logistics management,
opportunities and barriers of ai and digital transformation, conceptual framework, and a
literature gap. In chapter three, the methodology of the research will be discussed by
considering its research approach, design, study area, target population, sampling, data sources,
instruments, analysis, and other issues. Chapter four, results and discussion, the fourth chapter
represents the central part of the study. This chapter examines the status of ai adoption and
highlights the main opportunities relating to economic, social and environmental sustainability,
including supply chain optimization by means of ai. Secondly, it undertakes a critical
discussion of adoption impediments. It does this by subdividing them into tech-related factors
(infrastructure readiness), organizational factors (digital ignorance divide), and socio-
economic factors (prohibitive tech cost). Chapter five will be summary, conclusion, and

recommendations.
1.8 Operational Definition
Artificial Intelligence (AI):

According to the European Parliament (2020), Artificial Intelligence (AI) is defined as
computational devices and techniques capable of undertaking jobs that would normally require
human intellect, such as forecasting, learning, decision making, automation, and problem-

solving.

In this paper, artificial intelligence encompasses learning machines, forecast models,
suggestion algorithms, and smart logistics systems implemented in Addis Ababa’s logistics

industry.

11



Digital Transformation:

Digital Transformation is defined as the application of digital technology to business operations
and systems to enhance efficiency, productivity, competitive advantage, and innovation (Vial,

2019).

Digital transformation, in this study, relates to the incorporation of digital technologies,
automation, cloud computing, Al, Internet of Things (IoT), and digital logistics operations in

Addis Ababa.
Sustainable Logistics Management:

Sustainable Logistics Management is described as the planning, execution, and control of
logistics processes with an emphasis on achieving economic efficiency, environmental
sustainability, and social responsibility (Council of Supply Chain Management Professionals

[CSCMP], 2023).

This study focuses on logistics cost savings, transportation optimization, fuel efficiency, delay

reductions and chain optimization, sustainable logistics operations.
Adoption of Al:

Adoption of Al is the degree to which an organization uses Al technology in its operations and

management activities (Rogers, 2003).

In this study, Al adoption involves automation systems, predictive analytics, tracking

technology, customer services using technology, and evidence of decision-making using data.
Digital Infrastructure:

Universal Definition: Digital Infrastructure is the underlying technology required for
conducting operations in the digital world, involving internet connections, telecommunications
services, data centre facilities, clouds, electricity, and technology infrastructure (World

Economic Forum [WEF], 2021).

In this study, digital infrastructure is the preparedness of the logistics industry in Addis Ababa
for digitalization and Al

Internet of Things (IoT):

12



Internet of Things (IoT) is the connection between digitally connected devices that
communicate information through internet networks (International Telecommunication Union

[ITU], 2022).

In logistics, Internet of Things technology includes tracking devices, vehicles, warehouse

equipment, and inventory systems.
Big Data:

Big Data is described as a set of data collected through different activities carried out by
organizations and businesses, which can be used for analysis to aid decision-making processes

(Gartner, n.d.).

Contextual Context: In the present case, big data is associated with logistics information

including transport data, transaction data, inventory data, and supply chain performance data.
Digital Divide:

Universal Definition: Digital Divide is defined as the unequal access to technology and
internet, as well as the uneven distribution of skills, knowledge, and resources related to
technological advancements between individuals or organizations (Organisation for Economic

Co-operation and Development [OECD], 2001).

In this research, it implies the difference in access to digital technologies between logistics

companies and employees in Addis Ababa.
Policy Framework:

A policy framework is understood as a set of legal documents and strategic guidelines guiding

the adoption and application of technologies, including Al.

In this study, it explicitly includes the Digital Ethiopia 2025 Strategy, ICT policy, data

protection laws, cybersecurity, and innovation strategy (Office of the Prime Minister, 2020).
Digital Governance:

Digital governance entails the application of digital technology and data systems by
organizations for better management, coordination, transparency, and delivery of services

(World Bank, 2020).

This study looks at the concept of digital governance in terms of how government bodies and
logistics institutions in Addis Ababa handle digital transformations.

13



Regulatory Sandbox:

A regulatory sandbox can be defined as an innovative and experimental regulatory regime
within which companies can experiment with digital products or services under regulatory
oversight before going for large-scale adoption (United Nations Development Programme

[UNDP], 2022).

This study looks at the regulatory sandbox as a policy instrument for promoting innovation in
Ethiopia's logistics industry based on frameworks proposed by the Ethiopian Job Creation
Commission and the National Bank of Ethiopia.

14



CHAPTER TWO

2. REVIEW OF LITERATURE

2.1 Theoretical Literature Review
2.1.1 The Technology-Organization-Environment (TOE) Framework

To systematically evaluate the multidimensional factors that influence the adoption and
integration of emerging digital technologies and Artificial Intelligence (AI) within the logistics
ecosystem, this study anchors its independent variables within the Technology-Organization-
Environment (TOE) framework. Developed by Tornatzky and Fleischer (1990), the TOE
framework is an organizational-level theory prescribing that a firm’s structural innovation
adoption process is shaped across three distinct contextual domains: technological,
organizational, and environmental. The Technological Context: Describes both the internal
and external technologies relevant to the firm, including current equipment, digital
infrastructure maturity, and information system capabilities. In this study, this context directly
relates to localized digital infrastructure elements such as power grid reliability, internet
bandwidth stability, data quality, and the presence of localized technical support. The
Organizational Context: Encompasses the internal structural characteristics of the enterprise,
defining the parameters of internal financial allocations, digital literacy thresholds, top-
management commitment, and cultural dynamics. This domain directly accounts for
organizational friction points identified in this research, specifically internal capital shortages
and employee resistance to workflow restructuring. The Environmental Context: Represents
the external arena in which the firm conducts its business, encompassing macroeconomic
factors, industrial network informality, and governmental policy interventions. For the Addis
Ababa logistics sector, this maps directly onto the clarity of macro-level digital policies, data
governance laws, and digital transformation strategy frameworks. By integrating these three
distinct forces, the TOE framework prevents a purely technological deterministic approach,
allowing this thesis to analyze adoption barriers not as isolated technical faults, but as

interconnected systemic constraints.
2.1.2 The Triple Bottom Line (TBL) Framework

The definition and measurement of the dependent variable used in this research, which is
Sustainable Logistics Management, are based on the concept of the Triple Bottom Line (TBL).
The TBL concept has been widely adopted since its emergence by John Elkington (1994) to
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suggest that the evaluation of business success and sustainability should not be carried out in
terms of traditional economic indicators but, rather, with respect to three interdependent
elements, namely Economic Profit, Environmental Planet, and Social People. In the context of
modern supply chain management, the TBL model can be used as a tool for analysis of business
changes: Economic Sustainability: Concerns cost reduction, assets utilization, transactions
optimization, and revenues maximization through the use of predictive scheduling, automated
tracking of inventories, and electronic information exchange. Environmental Sustainability:
Involves the mitigation of ecological impact by reducing fossil fuel usage, carbon dioxide
emission, efficient distribution routing, and minimization of waste. Social Sustainability:
Needs the assurance of workplace safety, operational transparency of the system, collaboration
with multiple stakeholders, and creation of more valuable technical jobs. In this research, the
TBL framework serves as the theoretical filter ensuring that digital transformation and Al
deployment are not merely audited for technical speed but are comprehensively evaluated
against their capacity to generate balanced, multi-dimensional sustainable outcomes within a

resource-constrained urban environment.
2.1.3 Human Capital Theory

To explain the unique "digital paradox" where expanding technological awareness does not
automatically translate into operational technology maturity, this study utilizes Human Capital
Theory, originally formulated by Gary Becker (1964). This theory posits that individuals
possess an aggregate of cognitive skills, technical knowledge, capabilities, and health attributes
that constitute a distinct form of economic capital, which can be amplified through systematic
education, vocational training, and targeted skill development. Within advanced technological
paradigms such as Artificial Intelligence, machine learning, and enterprise resource cloud
integration, Human Capital Theory argues that hardware and software acquisitions are
fundamentally inert assets unless matched by a corresponding threshold of specialized human
competence. Deploying predictive algorithms, natural language processing conversational
agents, and automated decision engines requires a highly trained cadre of data scientists,
systems integrators, and digitally literate practitioners. By applying this theory, the thesis
conceptualizes localized digital literacy gaps and the scarcity of technical Al personnel as
fundamental human capital deficits. This explains why high-level policy visions face structural
execution blockages when operationalized by a line-staff workforce lacking localized, iterative

digital skill frameworks.
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2.2 Digital Transformation & AI Adoption

Recently it was observed that digital changes in logistics and supply chain control is a basic
element that supports efficiency, flexibility, and sustainability in rich and poor countries alike
(Christopher, 2016; Ivanov et al., 2019). Logistics systems across the world are formed more
by digital platforms, real-time data study, Internet of Things tech, and Artificial Intelligence,
mostly to do with predicting demand, route arranging, warehouse automation, and risk handling
(Wamba et al., 2020; Queiroz et al., 2021). Al has become a key tool for dealing with the
growing complication of supply chains when the environment is unsure and cities are crowded

(Ivanov and Dolgui, 2020).

But in Sub-Saharan Africa, using Al in logistics is not consistent, and it is mostly seen in cities
and global companies (Adeleye et al., 2022). Ethiopia shows this common pattern in the region.
Even though national digital plans like Digital Ethiopia 2030 show a strong promise from the
government, studies show that digital change in the logistics field is just starting and not well-
formed (World Bank, 2023; UNCTAD, 2024). Addis Ababa is the focal place for testing
because it has better digital tools, government attention, and ability than other areas in the

country (Ethiopian News Agency, 2026).

Existing literature indicates that logistics operations in Addis Ababa are increasingly adopting
some rudimentary forms of digital technology, including GPS tracking of trucks, mobile
payment, and electronic customs documentation in particular in regard to transportation and
distribution activities (Gebremariam and Desta, 2024). At the same time, there is limited
adoption of Al technologies, which takes place mainly in pilot programs and logistic payment
platforms rather than in the full implementation of logistics systems (Shemsu, 2025). The gap
between the expectations of the government and actual developments is typical for logistics
literature from emerging countries regarding the adoption of digital technologies. (Lall, 2021;

Foster and Graham, 2022).
2.2.1 Sustainable Logistics Management

Al is identified as one of the most significant determinants of enhanced sustainability of both
the environment and finance within logistical systems due to its ability to increase efficiency,
minimize emissions, and maximize the use of technological solutions (McKinnon et al., 2018;
Baryannis et al., 2019). On a global level, Al-assisted route planning is noted for having a great
potential to reduce the consumption of fossil fuels and minimize carbon emissions in logistics

systems characterized by congestion and fragmented deliveries (Goodchild and Toy, 2018; Lin
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et al., 2022). In the same way, enhanced predictions using big data reduce wasteful practices

and overproduction.

In a rapidly growing urban area such as Addis Ababa, these opportunities become evident.
Rapid urbanization coupled with unstructured logistics systems and poor infrastructure are
associated with high volumes of waste as well as negative impacts on the environment (African
Cities Research Consortium, 2025). Al-based traffic systems, dynamic route planning, and
intelligent fleet management can provide sustainable benefits if adopted to local conditions (PB

Consult, 2024; MoUI, 2025).

In regard to monetary sustainability, Al is capable of cutting down expenses through
mechanization, proper use of equipment and improved decision-making in instances of
uncertainty (Wamba et al., 2020). Considering that the majority of logistics workforce in Addis
Ababa consists of small and medium workers, Al platforms would assist these individuals enter
new markets, facilitate price-setting processes, and aid with finances mostly in conjunction

with digital payment and credit schemes (Shemsu, 2025).

However, intelligent literature obliges us to be cautious when being overly optimistic
concerning technology. Numerous research findings have shown that Al solutions developed
in prosperous regions do not necessarily transfer seamlessly to poor areas due to variations in
availability of information, strength of infrastructure, and capability of a community (Avgerou,
2017; Lall, 2021). Therefore, while offering numerous opportunities to ensure sustainable
logistics in Addis Ababa, the benefits of Al can be leveraged only through adequate

adjustments.
2.3 Empirical Literature Review
2.3.1 Opportunities of AI & Digital Transformation

The article proves that Al and digitalization provide great possibilities for optimization of
logistics and supply chain processes for both advanced and emerging countries. The algorithms
based on Al are effective in reducing fuel use and cutting greenhouse gas emissions in urban
logistics networks (Goodchild and Toy, 2018; Lin et al., 2022). The predictive data models can
improve forecasting precision and thus avoid unnecessary costs and overproduction (Ivanov et

al., 2019).

In case of Addis Ababa, Al possibilities include solving problems arising due to urban growth,

bad infrastructure and informality of logistics network (African Cities Research Consortium,
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2025). Al traffic management systems, dynamic routing and fleet management can help solve
environmental and performance issues if properly implemented locally (PB Consult, 2024;

MoUI, 2025).

Economically, Al gives chances for cost reduction due to automation and intelligent decision-
making despite uncertainty (Wamba et al., 2020). Besides, small and medium-sized logistics
companies can get chances to expand their markets, offer transparent pricing systems, and

integrate digital financing (Shemsu, 2025).
2.3.2 Barriers of AI & Digital Transformation

Nevertheless, all these factors do not eliminate important difficulties facing Al and
digitalization adoption in logistics operations. The use of Al is dependent on having high-
quality data integration; nevertheless, data related to logistics in Addis Ababa is fragmented,
informal, and recorded manually (World Bank, 2023). Unreliable power supply, insufficient
cloud computing capacity, and cybersecurity threats are more factors that explain why

digitalization does not advance (Ethiopian News Agency, 2026).

Another key issue has emanated from the organization side. A large share of logistics
companies operating in Addis Ababa is constrained by poor managerial skills, low digital
literacy, and inadequate financial resources for investment (Gebremariam and Desta, 2024).
According to scholarly literature on digitalization of the supply chain, technological success
depends heavily on organizational changes, skills development, process design, and leadership

commitment (Kane et al., 2019; Queiroz et al., 2021).

There are additional socio-economic constraints. Informal jobs lead to poor regulatory
supervision and data systems required for the use of Al (African Cities Research Consortium,
2025). Digital gender divide, limited connectivity, and affordability are other constraints to
participation in digital logistics (Sciedu Press, 2025). Such results are consistent with the wider
argument regarding the role of digitalization in exacerbating inequalities due to lack of

inclusivity in the process (Heeks, 2018).
2.4 Conceptual Framework

The theoretical foundation of this study revolves around the interaction between digital
transformation and sustainable logistics management in combination with Al adoption in Addis

Ababa. The independent variables under consideration include digital transformation variables
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such as artificial intelligence adoption, digital platforms, GPS tracking, mobile payments, real-

time data analytics, and smart logistics.

Sustainable logistics management, which constitutes three dimensions environmental
sustainability, economic sustainability, and operational sustainability is identified as the
dependent variable. In addition, some moderating factors that act as barriers to the process have
been incorporated in the conceptual framework of this study. These include inadequate
infrastructures, poor digital literacy levels, fragmentation of data management systems, low

organizational readiness, informal logistics operations, and inadequate policy implementation.

Government policies and digital infrastructures constitute the enabling factors of the adoption

of artificial intelligence and digital transformation technologies in logistics systems.

Digital Transformation Sustainable Logistics

* Reliable internet connectivity Environmental
* [CT infrastructure

* Cloud and data systems *Lower emissions

* Interoperable platforms eReduced waste
Al Adoption Economic
» Predictive Analytics & Forecasting > | «Cost Efficiency

Systems

.. . *Improved resource utilization
* Automated Decision-Making

BginEs Social

. MaChl.n & ISR 49 L) Job Creation (e.g., tech skills)
Recognition

» Natural Language Processing *Community well-being

(NLP) Conversational Agents

?

BARRIERS
* Inadequate Infrastructure
* Poor Digital Literacy Levels

* Fragmentation of Data Management
Figure 1. Conceptual Framework of the

Study
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2.5 Literature Gap

It is essential to state that the majority of the literature that explores Ethiopia's digital
transformation highlights power and finance. Meanwhile, research on the usage of information
technology for logistics purposes receives less attention (African Scientific, Research and

Innovation Council, 2023).

While global studies have explored the intersection of Al and sustainable logistics across its
economic, environmental, and social dimensions, there is a notable scarcity of empirical
research applying this triple-bottom-line framework within the unique context of Addis Ababa.
Furthermore, existing local studies often address digital transformation barriers in a generic
sense, failing to isolate how technical, organizational, and socio-economic factors specifically

interact to impede Al integration in the capital's logistics sector.

Finally, there is a lack of information about specific frameworks and strategies for logistics
development. Existing policy debates mostly focus on general digital transformation goals and
strategies, such as Digital Ethiopia 2030. There is no information on how logistics in Addis

Ababa is integrated into such policies (Institute of Foreign Affairs, 2025).

Consequently, there is a lack of literature that examines the practical application of policies and

how they contribute to the adoption of Al in logistics.

This research seeks to address all these shortcomings.
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CHAPTER THREE
3. RESEARCH METHODOLOGY
3.1 Research Approach

The research study was approach will utilize quantitative research techniques to ensure an in-
depth understanding of the role of digital transformation and Al adoption in the sustainable
management of logistics in Addis Ababa. This approach was used to assess the status quo of
digital transformation and Al adoption in the logistics sector in Addis Ababa. This was achieved

through the administration of structured questionnaires to key actors in the logistics sector.
3.2 Research Design
The study applied a descriptive type of research methodology.

The main purpose of using a descriptive type of research methodology was to explore the

current status of digital transformation and Al adoption in Addis Ababa’s logistics industry.

In order to support the adoption of digital technologies and artificial intelligence in sustainable
logistics management, the exploratory type of research methodology aimed to explore new
opportunities and structural challenges. This type of research methodology is considered to be

suitable because the Ethiopian logistics industry is at a very early stage of Al adoption.
3.3 Study Area

The study was conducted in Addis Ababa, Ethiopia, which serves as the political, economic,
and technological capital of the country. Addis Ababa plays the central role in the efforts
towards digital transformation, such as the introduction of the Digital Ethiopia initiative and

the construction of smart cities.

Addis Ababa hosts several important logistics institutions and technology organizations,
including Ethiopian Shipping and Logistics Service Enterprise (ESLSE), Ethiopian
Commodity Exchange (ECX), Ministry of Innovation and Technology (MInT) and Ethiopian
Artificial Intelligence Institute (EAII)

From private logistics firms Akakas Logistics, Pave Logistics, and MACCFA Freight Logistics
are used for this study. These institutions make Addis Ababa an ideal environment for
examining the intersection between digital transformation, logistics operations, and public

policy frameworks.
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3.4 Target Population

Targeted groups for the research include the primary stakeholders, experts, and management
personnel that are actively engaged in logistics operations and use of technology processes
along with making policies in Addis Ababa. To get an overview of the entire ecosystem under
scrutiny, the researcher will identify the seven major organizations which play an important

role in the field of logistics and IT services in Ethiopia within the last ten years.
The population will be categorized into two major sectors:
Public Institutions:

Ethiopian Shipping and Logistics Service Enterprise (ESLSE): It is the organization

responsible for coordinating national freight and port services.

Ethiopian Commodity Exchange (ECX): It acts as a central platform for using technology in

warehousing and trade.

Ministry of Innovation and Technology (MInT): It is an organization making the most of

the existing efforts towards establishing a nationwide technology policy.

Ethiopian Artificial Intelligence Institute (EAII): It is the leading authority in Al research

and its implementation in Ethiopia.
Private Enterprises:

Akakas Logistics, Pave Logistics, and MACCFA Freight Logistics. These companies have
been chosen because they represent the best-established players in this area of the country with

enough experience (ten years and more) to share.
3.5 Sampling Technique and Sample Size

To address the research objectives, a quantitative approach utilizing a simple random sampling
technique was adopted. The sample size was determined using Cochran’s formula to ensure

statistical precision and representativeness across the target population.
3.5.1 Sample Size Estimation

Since the target institutional framework consists of a finite population of N = 4,989 employees,
the initial sample size (No) is mathematically adjusted using Cochran’s finite population

correction (FPC) formula to prevent over-sampling while maintaining statistical integrity:
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n=no/ (1+((No-1)/N))

n=118.57 /(1 +((118.57 - 1)/ 4,989))
n=118.57 /(1 + (117.57 / 4,989))
n=118.57 /(1 +0.023565)
n=118.57/1.023565

n~115.84 =11

In order to cater for possible non-response cases, a total of 120 respondents was targeted. The
sample is adequate for the study since it strikes a balance between the reliability of the research
and the constraints associated with time, money, and accessibility. Whereas many large-scale
consumer surveys normally rely on a 5% margin of error, the study used a more generous
margin of error of 9% with a confidence level of 95%. This strategy ensures that the study
comes up with results that can be relied upon without having to use a very large sample of

respondents who could demand excessive resources.

Moreover, the study uses a sample of selected experts who have firsthand experiences
concerning the subject matter such as logistics experts, IT experts, Al experts, among others.
This is because the study seeks to gather the views of people knowledgeable in the subject
matter as opposed to the opinions of the general public. Therefore, a smaller sample is regarded

as adequate and even better than a larger one.
3.5.2 Sampling Techniques

Random sampling technique was used to ensure that all four strata (logistics ecosystems) were
well represented including logistics operation personnel, digital and ICT system specialists,

policy makers and management personnel.

In order to avoid being overshadowed by larger institutions, equal allocation was used. With a

total of 120 sampled participants, each organization had 17 to 18 respondents.
3.6 Sources of Data
Both primary and secondary sources of data were used in conducting the research.

Primary Data: The primary data was gathered from respondents through structured

questionnaires and were designed to collect information about current digital tools used in
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logistics, level of AI awareness and adoption, infrastructure readiness, organizational

challenges and perceived opportunities for sustainable logistics

Secondary Data: Secondary data were obtained from various sources including government
policy documents, academic journal articles, institutional reports, international development
organization publications and digital transformation strategy documents. These materials

helped provide contextual background and theoretical support for the study.
3.7 Data Collection Instruments

Questionnaires were developed to collect quantitative data from the stratified respondents.
These questionnaires consisted of open-ended and Likert-scaled questions, aimed at assessing

perceptions and experiences regarding digital transformation and application of Al
3.8 Statistical Diagnostics and Regression Assumptions

Prior to executing the final multiple linear regression model, formal diagnostic tests will be
conducted to ensure the data satisfies the classical assumptions of ordinary least squares
(OLS) regression. This prevents misleading statistical inferences. The following specific

diagnostic assessments will be performed:

Multicollinearity Test: To ensure independent variables are not overly correlated, the
Variance Inflation Factor (VIF) and Tolerance values will be calculated. A VIF value below
10 and a Tolerance value above 0.10 will be used as thresholds for acceptable non-

collinearity.

Normality Test: The normal distribution of regression residuals will be evaluated visually
using Normal Probability Plots (P-P Plots) and statistically verified to ensure the error terms

are normally distributed.

Homoscedasticity and Linearity: Residual scatterplots (ZPRED vs. ZRESID) will be
generated to ensure variance of error terms is constant and that the structural relationships

between independent and dependent metrics follow a linear distribution.
3.9 Reliability and Validity of the Study

To guarantee the reliability and validity of the results from the research conducted, several

measures have been put in place.
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Firstly, the questionnaire was well designed using the research objectives and existing

literature.

Secondly, triangulation was used to strengthen the credibility of the research findings through

the use of multiple data sources and research methods.

Lastly, the use of expert opinions from academic supervisors and professionals in the logistics

sector was used to strengthen the content validity of the research instruments.
3.10 Ethical Considerations

Ethical considerations were strictly adhered to throughout the research. The research was
purely voluntary, and the participants were made aware of the research before the data was

collected.

The researcher ensured that all the information collected was done so on a confidential basis

and was only used for academic purposes.

The participants were assured of their anonymity in the final report concerning their individual

identities as well as their organizational information.
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CHAPTER FOUR
DATA PRESENTATION, ANALYSIS AND DISCUSSION

4.1 Introduction

In this chapter, the empirical results emanating from the survey that was carried out among the
logistics experts, managers, policymakers, and IT experts in selected logistics organizations in
Addis Ababa are presented, analyzed, and discussed. The analysis was done in an attempt to
attain the following four research objectives set in the current study: to find out the current
extent of digitalization and Al implementation in logistics; to identify the potentialities of
digitalization and Al implementation for sustainable logistics management; to identify the main
obstacles to Al implementation; and to determine the necessary policy interventions for

successful digitalization of logistics in Ethiopia.

The quantitative data gathered through structured questionnaires were statistically analyzed
using PSPP software. The statistical methods used include descriptive statistics, frequency
distribution, percentage, mean score, standard deviation, Pearson's bivariate correlation

analysis, and multiple linear regression analysis.

Descriptive statistics were used to capture demographic information about the respondents as
well as their views on the concepts of digital transformation, adoption of Al, opportunities,
organizational readiness, infrastructural challenges, and policy needs. Correlation analysis was
used to capture the degree and nature of the relationship that exists among the main variables
investigated in the study, whereas regression analysis was used to find out the effect that digital
transformation, adoption of Al, organizational challenges, and policy readiness had on

sustainable logistics management.

In interpreting the findings based on Likert scales, mean scores were categorized into five equal
intervals. Scores in the range of 1.00 —1.80 reflect a very low level, 1.81-2.60 reflects a low
level, 2.61-3.40 reflect a moderate level, 3.41-4.20 reflect a high level, while scores in the

range of 4.21 and 5.00 reflect a very high level of agreement or implementation.

Unlike simple descriptive reporting, this chapter integrates statistical evidence with theoretical
perspectives discussed in Chapter Two. The findings are interpreted in relation to previous

empirical studies on digital transformation, Artificial Intelligence adoption, and sustainable
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logistics management, thereby providing a comprehensive understanding of the current digital

maturity of Ethiopia's logistics sector.
4.2 Questionnaire Response Rate

The success of any quantitative research is greatly determined by the level of response obtained
while collecting the data. The higher the levels of responses, the better the representation of the
sample, and non-responses are reduced. It was for this reason that altogether 120 questionnaires
were administered to selected respondents from logistics institutions, governmental

departments, and logistics firms in Addis Ababa.

Of all the questionnaires administered, only 108 were responded to and thus giving an overall

response rate of 90 percent.

Table 1 Response Rate

Response Category Frequency | Percentage (%)
Questionnaires Distributed 120 100
Questionnaires Returned 108 90
Questionnaires Not Returned 12 10

The achieved response rate of 90 percent is considered highly satisfactory for quantitative
social science research. According to methodological literature, response rates exceeding 70
percent generally provide sufficient statistical confidence and reduce the possibility of non-
response bias. Therefore, the response rate obtained in this study demonstrates strong
participation by respondents and provides an adequate basis for conducting descriptive,

correlation, and regression analyses.

The high participation level further suggests that professionals within Ethiopia's logistics sector
recognize the increasing importance of digital transformation and Artificial Intelligence as
emerging strategic issues affecting logistics performance and sustainable supply chain

management.
4.3 Demographic and Professional Characteristics of Respondents

Understanding respondents' demographic and professional backgrounds is essential because
their educational exposure, operational responsibilities, and professional experience influence

their perceptions regarding digital transformation and Artificial Intelligence adoption.
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The respondents were drawn from different logistics functions to ensure adequate

representation of the Ethiopian logistics ecosystem.

Table 2 Demographic and Professional Characteristics of Respondents

Variable Category Frequency | Percentage (%)

Area of Operation Freight Forwarding 32 29.6
Warehousing 24 22.2

Customs & Documentation 21 194

Transport & Distribution 31 28.7

Job Category Strategic Management 24 22.2
Middle Management 31 28.7

Operational/Technical Staff 41 38

Policy & Regulatory Experts 12 11.1

Years of Experience | Lessthan 2 Years 16 14.8
2-5Years 39 36.1

6-10 Years 34 31.5

Above 10 Years 19 17.6

The findings indicate that respondents were relatively evenly distributed across the principal
logistics functions. Freight forwarding accounted for 29.6 percent of respondents, while
transport and distribution represented 28.7 percent. Warehousing constituted 22.2 percent,
whereas customs and documentation represented 19.4 percent of the sample. This balanced
distribution enhances the reliability of the findings because each major logistics function

contributes unique operational perspectives regarding digital transformation.

Regarding job responsibilities, operational and technical personnel represented the largest
proportion (38 percent). This is particularly significant because these employees interact
directly with logistics technologies, transportation systems, warehouse operations, inventory
management, and customer service platforms. Consequently, their responses provide valuable

practical insights into the actual implementation status of digital technologies.

Middle-level managers accounted for 28.7 percent of respondents, while strategic management
represented 22.2 percent. These respondents possess managerial responsibility for technology
investment decisions, organizational change management, and operational planning. Their

participation therefore strengthens the study by incorporating both strategic and operational
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viewpoints. Policy and regulatory professionals comprised 11.1 percent of respondents,
ensuring representation from institutions responsible for digital transformation policy

formulation.

The practical experience also highlights the reliability of the collected information. Almost all
respondents had two to ten years of practical experience in the logistics industry. For instance,
36.1 percent of them had two to five years of experience, whereas 31.5 percent of the
respondents had six to ten years of experience. In addition, 17.6 percent of the interviewees

had over ten years of professional experience.

In total, around 85 percent of the respondents had two years or more of professional experience.
Thus, it means that the majority of them had enough experience to make a judgment on digital
transformations, the use of Artificial Intelligence, and the readiness of organizations to

implement innovations.

Also, the variety of people who were interviewed in terms of their operational area,

management level, and professional experience increases the external validity of results.

4.4 Level of Digital Transformation and Artificial Intelligence Adoption in the Logistics

Sector in Ethiopia

The first goal of this research aimed at finding out the current state of digital transformation
and Al adoption in the logistics industry in Addis Ababa. Digital transformation has become
more and more necessary for logistics companies due to its capability to improve efficiency,
supply chain transparency, decision making, and customer satisfaction. Thus, it was required
from respondents to assess the degree of utilization of the specified digital technologies in their
companies.

Table 3 Level of Digital Transformation and Al Adoption in the Logistics Sector

Digital Technology Mean De\?it:t.ion Interpretation | Rank
Digital Payment and FinTech Platforms 4.04 1.03 | High 1
Real-time GPS/Telematics Fleet Management 3.89 1.06 | High 2
Cloud-based ERP Systems 3.42 1.23 | High 3
:\\x/ﬁgated Warehouse Management Systems 3.06 1.95 | Moderate 4
Electronic Data Interchange (EDI) 3 1.28 | Moderate 5
Grand Mean 3.6 High
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However, results show that the level of digital transformation of the surveyed logistics
companies is quite high, as evidenced by an overall mean of 3.60. Even though it shows that
many companies have already started digital transformation, the different adoption rates of the

various technologies reveal the digital immaturity of some companies.

In all technologies considered, Digital Payment and FinTech Platform have the highest mean
score (M =4.04, SD = 1.03) meaning that it is widely used in the logistics industry. The wide
use of electronic payment system is greatly due to financial sector reforms that Ethiopia is
undertaking and the rapid growth of mobile banking and digital payment platforms. Electronic
payment systems have become very important in streamlining payment procedures, reducing

the risk of handling cash, and promoting financial transparency in logistics operations.

The technology that ranked second in terms of adoption was Real-time GPS and Telematics
Fleet Management (Mean= 3.89, SD=1.06). The relatively high rate of adoption is associated
with an increasing role played by fleet tracking technologies in the process of optimizing the
use of fleets, monitoring shipments, optimizing routes, and customer services. Real time
monitoring allows logistic companies to minimize transportation delays, make deliveries more
reliable, track the behaviour of drivers and minimize fuel usage. The results coincide with the
international logistics literature that states GPS-based fleet management to be one of the first

and most widespread digital technologies in transportation.

Cloud-based Enterprise Resource Planning (ERP) system scored on average 3.42 that
corresponds to the moderately high level of its implementation. ERP system helps to integrate
procurement, inventory management, finance, warehousing and transportation functions into
one digital platform. However, the relatively large standard deviation (SD =1.23) means
significant variations between the organizations in terms of implementing ERP systems. Larger

companies seem to be ahead of their smaller competitors in terms of ERP implementation.

On the other hand, the average score of WMS is 3.06, implying that its adoption has reached
the level of moderation only. WMS systems contribute significantly to inventory control,
warehouse automation, efficient storage of goods, and order fulfilment. Thus, their moderate
use implies that the majority of Addis Ababa's warehouses use manual inventory management
or semi-computerized solutions instead of automating their warehouse operations. This result

suggests a possibility of much further development.

EDI systems scored the lowest average value (M = 3.00, SD = 1.28). EDI technology helps

exchange business documents among logistics service providers, customs, suppliers, and
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customers electronically without any manual involvement. The moderate use of this type of
software implies that there is little cooperation between the mentioned logistics participants.
This low degree of interoperability limits information exchange and complicates customs

clearance procedures.

All in all, the evidence obtained indicates that the Ethiopian logistics industry has made
considerable advances towards digitalization, but only mature technologies such as digital
payments and GPS technology have been adopted. Enterprise-wide technologies like
Warehouse Management Systems, Electronic Data Interchange, and cloud integration systems

have not been fully embraced yet.

The study results confirm the theoretical framework of Technology, Organization, Environment
(TOE) model elaborated in Chapter Two. The TOE model implies that organizations usually
implement simpler, less costly technologies prior to implementing complex enterprise-wide

systems, which require reorganizing and large investments.

In addition, the study findings confirm the findings of Christopher (2016), Ivanov et al. (2019),
Gebremariam and Desta (2024), and World Bank (2023) that indicated gradual digitalization
of logistics companies in developing economies. The same trends have been noticed in many
countries of Sub-Saharan Africa, where digital payments and GPS technologies have already

been implemented whereas advanced Al-enabled logistics systems are just being implemented.

The implication of these findings is that Ethiopia's logistics industry has established an
encouraging foundation for future digital transformation. Nevertheless, achieving intelligent
logistics systems capable of supporting Artificial Intelligence applications will require
considerably greater investment in integrated information systems, data management
infrastructure, warehouse automation, and interoperable digital platforms. Such developments
are essential prerequisites for realizing the full benefits of Al-driven logistics management and

sustainable supply chain performance.

4.5 Opportunities of Digital Transformation and Artificial Intelligence Adoption for

Sustainable Logistics Management

The second research objective of this study is an attempt to analyze the opportunities available
due to the digital transformation and Al for sustainable logistics management in Addis Ababa.
The concept of sustainable logistics goes beyond operational efficiency since it considers

economic, environmental, and social aspects when it comes to logistics management. In turn,
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Al can facilitate the process of logistics operations by utilizing such features as predictive
analytics, intelligent routing, automated decision-making, and information processing, thus

supporting sustainable logistics operations.

In order to identify respondents' attitudes towards Al use in logistics, the study started with

analysis of their awareness of different Al tools.
4.5.1 Awareness of Artificial Intelligence Applications in Logistics

Respondents were asked to indicate their level of awareness regarding selected Artificial
Intelligence applications currently being utilized in logistics management. The Al applications
included predictive analytics, demand forecasting, automated decision-making systems,
machine learning and pattern recognition, and Natural Language Processing (NLP)

conversational agents.

Table 4 Level of Awareness of Artificial Intelligence Applications in Logistics

Al Application Very Low | Low | Moderate | High | Expert
Predictive Analytics 0 18 46 29 8
Demand Forecasting 0 18 46 29 8
Automated Decision-Making Systems 0 18 46 29 8
Machine Learning and Pattern Recognition 0 18 46 29 8
Natural Language Processing (NLP) 0 18 46 29 8

The results show that there is a gradual increase in awareness about Artificial Intelligence
among logistics workers. While nearly half of the respondents (45.5%) claimed that they have
medium awareness of Al, 28.7% claimed to have high awareness of Al. On the other hand,
7.9% claimed to be experts in using Al applications, while 17.8% claimed to have low

awareness.

This shows that Al has gained a considerable amount of recognition in Ethiopia's logistics
industry, although their technical skills are lacking. Respondents seem to be acquainted with
the concept and application possibilities of Al, although they lack practical experience of using

Al for logistics purposes.

This low number of expert-level respondents poses a problem when implementing Al since the
lack of experienced workers can lead to problems related to designing, applying, maintaining,

and optimizing Al solutions.
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The results of this study corroborate the findings of OECD (2022), Queiroz et al. (2021), and
Ferede (2025), where it is claimed that developing countries tend to develop faster in terms of

Al awareness than in Al capabilities.

The results also support the Human Capital Theory discussed in Chapter Two, which
emphasizes that technological investments alone are insufficient unless accompanied by
corresponding investments in employee knowledge, technical competence, and organizational

learning.
4.5.2 Infrastructure Readiness Supporting Artificial Intelligence Adoption

Successful implementation of Artificial Intelligence depends heavily upon the availability of
enabling infrastructure. Respondents were therefore requested to assess the extent to which

several infrastructural factors support Al adoption within Addis Ababa's logistics sector.

Table 5 Infrastructure Readiness for Al Adoption

Infrastructure Factor Mean | Std. Deviation | Interpretation | Rank
Data Quality and Digital Record Systems | 2.71 1.17 | Moderate 1
Internet Speed and Connectivity 2.64 1.2 | Moderate 2
Availability of Local Al Technical Support | 2.27 1.2 | Low 3
Reliability of Electricity Supply 2.26 1.18 | Low 4
Grand Mean 2.47 Low

From the above descriptive statistics, it is evident that infrastructural readiness is still one of
the worst dimensions of preparing for Al adoption in the Ethiopian logistics sector. This is
reflected in the low grand mean value of 2.47, implying that the current infrastructure is

considered inadequate for implementing digital transformation initiatives.

Among all variables measured in this analysis, Data Quality and Digital Record Systems
received the highest mean score (M = 2.71), showing moderate levels of achievement of digital
information management. Many businesses have started the digitization of business records
and customer data, thus providing a good base for implementing Al in the future. Nonetheless,

even such a mean score is not high enough to indicate a high level of readiness.
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Likewise, Internet Speed and Connectivity received a moderate mean score (M = 2.64).
Although there have been significant developments in terms of access to the internet recently,
the participants noted that internet connection unreliability, insufficient bandwidth, and
frequent network interruptions limit the continuity of digital processes. Such internet
infrastructure is essential for Al applications that rely on cloud computing, real-time analytics,

and constant data exchange.

The Availability of Local Al Technical Support was given one of the lowest scores (M = 2.27).
This means that there are relatively few Al consultants, software developers, data analysts, and
technical maintenance experts available locally. Without proper technical support, it would be

difficult to develop, tailor and maintain logistics systems based on Al technology.

In addition, the Reliability of Electricity Supply achieved the lowest mean score (M = 2.26).
Power supply is essential for cloud server operation, digital communication systems,
automated warehouse facilities and intelligent transport management systems. Power outages
affect not only logistics processes but also lead to extra expenses and decrease trust in digital

innovations.

Overall, these results show that despite the growing awareness of digital transformation, the
technological infrastructure has not been built at the same speed. Thus, infrastructure

inadequacies become one of the main barriers of Al adoption in Ethiopia's logistics industry.

These results conform to the Technology, Organization, Environment (TOE) paradigm, where
the availability of technology is considered a pre-condition for organizational innovation.
These results have also been verified by the earlier empirical research done by ACRC (2025),
ASRIC (2023), and UNCTAD (2025), where poor digital infrastructure was cited as one of the

biggest hindrances to Al adoption in developing countries.

It appears from the above results that the need for investment in digital infrastructure is a
national strategic issue rather than an organizational one. The basic infrastructure required for
the revolutionary potential of Al in logistics management includes reliable electricity supply,

fast internet connectivity, and digital platform integration alongside Al technical services.

4.5.3 Perceived Contributions of Digital Transformation and Artificial Intelligence to

Sustainable Logistics Management

Among the main goals of this study was to measure perceptions about the role played by digital

transformation and Artificial Intelligence (Al) in sustainable logistics management. Sustainable
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logistics refers to the process of integrating economics, environment, and society in logistics
management practices. In this regard, the respondents were supposed to rate the degree to

which digital transformation and Al affect sustainable logistics management.

Table 6 Perceived Contributions of Digital Transformation and Artificial Intelligence to Sustainable Logistics
Management

Sustainability Dimension | Mean | Standard Deviation | Interpretation | Rank

Economic Sustainability 4.2 0.96 | High 1
Environmental Sustainability | 3.94 1.06 | High 2
Social Sustainability 3.9 1.08 | High 3
Grand Mean 4.01 High

It can be concluded that the respondents have very positive attitudes about the contribution
made by digital transformation and Artificial Intelligence to sustainable logistics management.
The grand mean score of 4.01 represents a high degree of agreement on the significant impact

of digital technologies on sustainability in logistics.

Of the three dimensions of sustainability considered, economic sustainability obtained the
highest score (M = 4.20, SD = 0.96). The respondents had a positive attitude towards the fact
that Al logistics systems increase operational efficiency due to optimal delivery scheduling,
lowering transportation costs, proper use of vehicles, and efficient resource management.
Predictive analysis provided by Al helps organizations to predict their demand accurately,
eliminate excessive inventory cost and operational waste. All these efforts increase profitability

while providing better customer service.

Low standard deviation suggests that there is significant agreement among respondents on the
economic aspect of digital transformation. It is clear that logistics managers start realizing that

Al is much more than a technological innovation but a valuable investment opportunity as well.

Regarding the environmental aspect, the highest score was obtained secondly (M =3.94, SD =
1.06). Participants felt that through Al, environmental sustainability is supported in that
intelligent solutions help to optimize transportation routes, decrease fuel usage, reduce
emissions of greenhouse gases, and decrease waste production. Intelligent routing allows
logistics companies to identify the shortest routes and decrease idle time of vehicles at the same

time.
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This is in line with international studies which have proven that the role of Al-based route
optimization in carbon emission reduction and energy efficiency of logistics is significant. In
relation to the growing importance of environmental sustainability within global supply chain

management, Al can be used by companies to achieve both economic and environmental goals.

A high mean score was obtained concerning the social sustainability aspect too (M = 3.90, SD
= 1.08). Participants felt that through digital transformation, workplaces will become safer,
there will be increased transparency within operations, improved communication among
supply chain partners, and new jobs created requiring digital skills. Through AI monitoring
systems, occupational safety can be achieved by recognizing operational risks before accidents

occur.

Respondents recognized the problems related to the displacement of the workforce due to the
emergence of automation, but, generally speaking, respondents believed that Al would create

better-paying jobs for the work involving analysis, management, and technology.

In general, consistent high scores for all three sustainability dimensions show that logistics
managers see digital transformation not just as a tool to boost organization’s effectiveness but
also as a tool for environmental protection and good social practices. In other words,
respondents no longer see sustainability as merely regulatory compliance; rather, they

recognize digital technologies as means of strategic competitive advantage.

This research evidence provides substantial validation for the theoretical framework of the
Triple Bottom Line (TBL), which was introduced in Chapter Two. Namely, TBL assumes that
digital transformation allows organizations to be prosperous economically, environmentally,
and socially at the same time. The results prove that respondents think that Al helps

organizations to achieve all these goals.

The results presented also confirm the conclusions of earlier empirical studies conducted by
Lin, Chen, and Kawamura (2022), McKinnon et al. (2018), OECD (2022), and Ivanov and
Dolgui (2020). In their conclusions, researchers have agreed that Al-based logistics systems
are extremely efficient and contribute both to increasing competitiveness and to reducing

negative environmental impacts.

Managerially, this means that the adoption of Artificial Intelligence is not only an important

technological innovation but also a multi-level organizational strategy that brings multiple
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benefits. Thus, companies that can adopt Al technology in logistics will perform competitively

while also achieving national sustainability goals.

4.6 Factors Affecting the Integration of Digital Transformation and Artificial

Intelligence in the Logistics Industry

The successful implementation of digital transformation depends not only on technological
availability but also on organizational readiness, financial capability, human resource
competence, and supportive institutional environments. To identify the major obstacles limiting
Al adoption within the Ethiopian logistics sector, respondents were requested to evaluate

several potential barriers.

Table 7 Factors Affecting the Integration of Digital Transformation and Artificial Intelligence

Barrier Mean | Interpretation | Rank
Lack of Internal Budget and Financial Investment | 4.32 | Very High 1
Scarcity of Al Professionals and Digital Skills 4.18 | High 2
Ambiguity of Government Digital Policies 3.94 | High 3
Resistance to Organizational Change 3.76 | High 4
Grand Mean 4.05 | High

From the above results, it is clear that there are still considerable challenges that face logistics
companies in adopting digital transformations. A grand mean of 4.05 shows that the barriers

presented above are considered by the respondents as very serious hindrances to the adoption
of Al

One of the most serious problems was the absence of funds within the organization to finance
investments in digital technology (M = 4.32). From this result, we can conclude that many
logistics companies face difficulties in financing investments in digital infrastructure, Al
software, cloud computing technologies, automated warehouses, and employee development
in digital skills. The high cost involved in investing in digital transformation is far more than

what many organizations can afford, especially small and medium logistics organizations.

The second most serious problem was the absence of trained professionals and digital skills (M
= 4.18). According to the respondents, it is very essential to have highly qualified and skilled

personnel in fields such as data sciences, machine learning, software engineering,
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cybersecurity, and integration systems. However, the presence of such professionals in Ethiopia

1s still limited.

In addition, the results reveal that the lack of clarity of governmental policies related to digital
innovations (M = 3.94) remains a barrier for investments in Al innovations. The participants
noted the lack of regulations related to the use of artificial intelligence, data governance,
cybersecurity, and digital interoperability. The regulatory risks contribute to increased

investment risks and prevent investments in new innovations.

Moreover, organizational resistance to changes (M = 3.76) was found to be one of the barriers
to implementing Al innovations. Usually, digital transformation requires changes in processes,
organizational culture, and duties of workers. Therefore, resistance to changes of workers that
are used to following the traditional approaches to logistics is likely to hinder innovation

adoption.

Overall, the findings show that the success of adopting new technologies depends not only on
their availability. Successful digital transformation requires having financial resources,
competent human capital, proper institutional policies, and efficient organizational change

management.

These findings provide strong empirical support for the Technology—Organization—
Environment (TOE) framework, which proposes that technological innovation depends upon
the interaction of technological readiness, organizational capability, and external
environmental conditions. The results also align with previous studies by Kane et al. (2019),
Foster and Graham (2022), OECD (2022), and Gebremariam and Desta (2024), which similarly
identified financial limitations, human resource constraints, and institutional barriers as the

principal impediments to digital transformation in developing economies.

The practical implication is that addressing a single barrier in isolation is unlikely to produce
meaningful improvements in Al adoption. Instead, coordinated interventions involving
government agencies, educational institutions, technology providers, and logistics
organizations will be required to establish an enabling ecosystem capable of supporting

sustainable digital transformation.
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4.7 Inferential Statistical Analysis

Following the comprehensive descriptive analysis of the individual structural dimensions, this
section shifts the analytical framework toward inferential diagnostic testing to map the
relational and predictive dynamics within the dataset. To comprehensively address the
overarching research objectives under academic supervision, statistical testing is structured in
a two-tier verification hierarchy. First, a Pearson bivariate correlation analysis is conducted to
determine the baseline directional linear pathways and strength existing between the
independent constructs and the target criterion variable. Second, a multiple linear regression
analysis is executed using the composite operational scores to assess the simultaneous
predictive power and aggregate explanatory capacity of digital factors on sustainable logistics
outcomes. The operational variables evaluated throughout this inferential phase consist of three
distinct predictor domains: Digital Infrastructure Readiness, Organizational Barriers, and
Policy Imperatives, analyzed against the unified dependent metric, Sustainable Logistics

Management.
4.7.1 Bivariate Correlation Analysis

A Pearson bivariate correlation analysis was calculated to mathematically map the baseline
strength, statistical significance, and directional vectors defining the relationships between the
individual independent parameters and Sustainable Logistics Management. This analytical step
serves as an essential empirical baseline to verify that hypothesized coordinate variations align
with localized institutional frameworks. The resulting data matrix provides preliminary insights
into how macro and micro-level parameters co-vary with sustainability outcomes before

imposing the stricter restrictions required for multivariate causal modelling.
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Table 8 Correlation Matrix of Key Research Variables

Variables Sustainable Infrastructure Organizational Policy
Logistics Readiness Barriers Imperatives

1. Sustainable 1.000

Logistics

Management

2. Digital .630 1.000

Infrastructure

Readiness

3. Organizational -.322 -.170 1.000

Barriers

4. Policy .481 .390 -.210 1.000

Imperatives

Note: Correlation is significant at the 0.01 level (2-tailed); *. Correlation is significant at the
0.05 level (2-tailed). (N = 113).

The empirical outputs in the correlation matrix reveal statistically significant associations
across all evaluated parameters. Digital Infrastructure Readiness demonstrates a strong,
positive linear correlation with Sustainable Logistics Management (r = .630, p <0.01), showing
the strongest single baseline pairing in the study. This means that the relationship between the
increased use of technology infrastructure and improved economic, environmental, and social
logistics is highly associated. On the other hand, Organizational Barriers is negatively and
moderately correlated with the dependent variable (r = -.322, p < 0.01). The negative value of
the correlation coefficient shows that the existence of internal barriers such as inadequate
budget, poor digital literacy, and resistance to change are associated with the decreased
sustainability performance. Policy Imperatives shows a positive and moderate linear

relationship (r = .481, p <0.01).

The correlation matrix is a very important filter for identifying multicollinearity issues before
building the regression model. Econometric literature indicates that bivariate correlation

coefficients approaching or exceeding the critical threshold of 0.80 or 0.90 signal severe multi-
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variable redundancy, which destabilizes regression coefficient estimations. Within this dataset,
the highest shared variance exists between Policy Imperatives and Infrastructure Readiness (r
=.390, p < 0.01). Because every single inter-predictor correlation remains well below the
traditional 0.80 benchmark, the data is cleared of immediate multicollinearity concerns,

validating its suitability for multiple linear regression analysis.
4.7.2 Multiple Linear Regression Analysis

To evaluate the simultaneous predictive power and individual relative impacts of the digital
dimensions on sustainable logistics management outcomes within Addis Ababa, a multiple
linear regression analysis was performed. This multivariate technique moves beyond simple
pair-wise associations, determining exactly how the independent variable grouping collectively
explains variance in the dependent criterion variable when controlling for concurrent

overlapping effects.

A. Regression Model Summary (Overall Fit)

Table 9 Regression Model Summary

Model R R Square Adjusted R Std. Error of the
Square Estimate
1 .679 462 447 41712

Predictors: (Constant), Policy Imperatives, Organizational Barriers, Digital Infrastructure

Readiness.

The Regression Model Summary table displays the collective level of association and
aggregate explanatory power of the combined independent predictors. Multiple Correlation (R)
value is .679, indicating a very high degree of combined linear relationship between the
predictor groups and the dependent variable. The Coefficient of Determination (R Square)
value is .462, whereas the Adjusted R Square value is .447. Mathematically, this gives an
indication to the reader that 46.2% (or 44.7%, when adjusted for degrees of freedom) of the
total variance in Sustainable Logistics Management in the logistics industry of Addis Ababa is
accounted for by the combined variance of Digital Infrastructure Readiness, Organizational

Barriers, and Policy Imperatives.
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The remaining 53.8% of the variance represents unexplained error or exterior operational
variables not captured within the boundaries of this specific research study. In contemporary
supply chain literature, this unexplained proportion is typically shrugged onto unmeasured
macroeconomic factors, international trade boundary disruptions, regional geopolitical
challenges along transit corridors, or volatile structural market shifts that fall outside local

digital adoption paths.

B. Model Validation (ANOVA Table)

Table 10 Analysis of Variance (ANOVA)

Model Sum of df Mean Square F Significance
Squares

Regression 16.301 3 5.434 31.189 .000

Residual 19.001 109 174

Total 35.302 112

Dependent Variable: Sustainable Logistics Management; Predictors: (Constant), Policy

Imperatives, Organizational Barriers, Digital Infrastructure Readiness.

In order to establish that the computed explanatory power has any real validity and is not just
due to some sample anomalies, an Analysis of Variance (ANOVA) was conducted. The
ANOVA table gives a significance test of the entire regression equation, showing that it is
indeed reliable. Referring to the figures as shown in the output sheet, the equation has a
computed F-statistic of 31.189, which is based on 3 regression degrees of freedom and 109

residual degrees of freedom (F(3, 109) = 31.189).

The most important figure, however, is the critical significance p-value, which is recorded as
.000 (p <0.05, and even p <0.001). This shows that the likelihood that these results came about
due to statistical chance alone is practically zero. Therefore, the null hypothesis that the
independent variables have no predictive value can be dismissed. The entire multiple linear

regression equation is officially tested to be a robust statistical fit.
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C. Regression Coefficients and Individual Impact Evaluation

Table 11 Standardized and Unstandardized Regression Coefficients

Model Predictors Unstandardized Std.  Standardized  t-value Sig.
B Error Beta (p)

(Constant) 1.306 .289 — 4.517 .000

Digital Infrastructure 446 .073 479 6.071 .000

Readiness

Organizational Barriers -.151 .056 -200  -2.713 .008

Policy Imperatives 219 .070 252 3.109 .002

Dependent Variable: Sustainable Logistics Management.

To isolate the specific influence of each factor, the Standardized and Unstandardized
Coefficients table breaks down the model sequentially. Looking first at the Standardized
Coefficient Beta (B) weights, researchers can mathematically rank which independent variable
exerts the single largest relative directional impact on sustainable logistics management.
Digital Infrastructure Readiness takes the first place with the Beta weight of .479 (t=6.071, p
< 0.001). This indicates that the importance of technology infrastructure in terms of its impact
on sustainability outcomes is very high despite all the other variables considered in the model.
The second most important variable is Policy Imperatives with a positive Beta weight of .252
(t=3.109, p = .002). Finally, Organizational Barriers registers a negative individual impact,
with a Beta weight of -.200 (t = -2.713, p =.008), establishing that internal bottlenecks remain

a significant impediment.

The unstandardized B coefficients allow for the construction of the final operational structural
regression equation for the study: Sustainable Logistics Management = 1.306 +
0.446(Infrastructure) - 0.151(Barriers) + 0.219(Policy). This equation shows that for each unit
increase in Digital Infrastructure Readiness, there is an increase of 0.446 in Sustainable
Logistics Management, all other factors being constant. However, for each unit increase in
Organizational Barriers, there is a decrease of 0.151 units in sustainability, while one unit

increase in Policy Imperatives leads to a 0.219-unit increase.
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From the above isolated significant indicators, the final structural decisions for the research
hypotheses are as follows: Hypothesis H1 that Digital Infrastructure Readiness significantly
and positively impacts Sustainable Logistics Management is officially confirmed (B = .446, p
< 0.001). Hypothesis H2 that Organizational Barriers significantly and negatively impacts
Sustainable Logistics Management is officially confirmed (B = -.151, p = .008). Finally,
Hypothesis H3 that Policy Imperatives significantly and positively impacts Sustainable

Logistics Management is officially co
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CHAPTER FIVE
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

5.1 Introduction

The findings, conclusions, recommendations, limitations of the study, and future research
suggestions are discussed in this chapter. In this study, the influence of digital transformation
and Artificial Intelligence (AI) on the development of sustainable logistics management in
Addis Ababa, Ethiopia, is evaluated. Particularly, the current state of digital transformation and
Al usage in the city, the possibilities provided by the aforementioned technologies, the barriers
that have an impact on the process of implementation, and the necessary policy actions are
explored. Conclusions provided in this chapter are based on the empirical findings presented

in Chapter Four of this study.
5.2 Summary of Major Findings

In relation to the study, the researchers obtained a 90 percent response rate, which is an
indication of high participation by logistics professionals, managers, policymakers, and ICT
experts. This is high because of how credible and reliable the findings will be. Additionally,
this high rate of response is an indication of a strong interest in the topic of digital

transformation in the Ethiopian logistics sector.

As regards the first research question, from the findings, the study shows that the process of
digital transformation has been made significant strides within the logistics sector in Addis
Ababa. The adoption rate of digital technology is relatively high with a grand mean of 3.60.
The highest rates of digital technology adoption include digital payment systems and GPS fleet
management systems due to increased concerns for efficiency, digitization of finances, and
logistic visibility. On the other hand, Warehouse Management System (WMS), Electronic Data
Interchange (EDI), and cloud-based ERP systems had low adoption rates.

The study also indicated that the awareness levels of Al among logistics practitioners are
continuously rising. It was observed that most of the participants were moderately to highly
aware of Al tools like prediction analytics, demand forecasting, machine learning, automated
decision making, and Natural Language Processing. Nonetheless, very few of the participants
had advanced knowledge about these technologies, implying that although the level of

awareness is improving, technical expertise in this field still needs improvement.
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When the assessment of infrastructure readiness was conducted, it was found that the current
technological environment cannot sustain the use of Al tools. The infrastructure readiness
rating for this technology was relatively low. Even though some changes in the fields of digital
record keeping and connectivity have been observed, there are still major challenges related to
electricity availability, availability of technical know-how about Al in the locality, and the

advanced ICT infrastructure.

It is also important to mention the results proving that the respondents strongly consider digital
transformation and Artificial Intelligence as major contributors to sustainable logistics
management. As for the assessment of sustainability types, economic sustainability was
evaluated the highest, followed by the environment and social sustainability. The respondents
stated that the implementation of Al can make delivery more efficient, decrease the costs,
optimize the use of resources, minimize fuel consumption, reduce the number of emissions,
increase operational transparency and ensure workplace safety. Therefore, these results can
prove the importance of digital transformation in sustainable organizational performance for

logistics specialists.

In spite of all positive features discussed above, the research revealed several critical barriers
to the use of Al in logistics management. The primary obstacle was a lack of money, which
was then followed by a lack of skilled workforce, uncertainties about digital policy of
government bodies, and institutional resistance to changes. These findings suggest that
effective digital transformation requires improvements in the fields of finance, human capital,

institutions, and organization management.

Lastly, participants highlighted the necessity for government interference to speed up the
process of digital transformation. Among the most popular policy measures were tax
exemptions for investment in digital technologies, creating national programs to develop digital
skills, implementation of comprehensive national frameworks of data sharing, and
establishment of supportive environment for innovations with cybersecurity and data

governance.
5.3 Conclusions

The results of this research imply that the logistics industry in Ethiopia has embarked on an
important stage of its digital transformation. Despite the introduction of some digital

innovations into logistics operations, such as digital payments and GPS-based vehicle
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management, full digital integration has not yet occurred. In addition, the deployment of

enterprise-level technology solutions and Al-driven logistics systems is rather uncommon.

It is found that the level of awareness about Artificial Intelligence has grown substantially,
which implies an increasing understanding of the significance of Al. Yet, this alone is not
enough to ensure the successful implementation of technology. The lack of specialists able to

implement and manage Al systems hinders this process.

One of the major barriers is infrastructure development. Electricity supply, internet connection,
compatibility of digital platforms, and technical assistance in the area are among the necessary

prerequisites for the adoption of advanced digital technologies.

Another important finding that comes out of the study is that digital transformation and
Artificial Intelligence have significant potential in relation to sustainable logistics
management. The respondents consistently agreed on the power of Al to increase efficiency,
optimize transportation network, cut down logistics costs, increase environmental
sustainability and increase organizational transparency. This shows that digital transformation
is not only an operational strategy but a strategic approach to sustainable economic,

environmental, and social development.

However, the research finds that technology adoption cannot happen purely as a result of
organizational investments. Budget issues, lack of human resources, uncertainties in
policymaking, and resistance to change from the organizations themselves all affect the success
of technology adoption. Therefore, digital transformation must be seen as a multifaceted
process, involving the cooperation of government bodies, private logistics companies,

academia, technology providers, and regulators.

On the whole, the results of the research are in favour of the Technology — Organization —

Environment (TOE) model and the Triple Bottom Line (TBL) theory.
5.4 Recommendations

Based on the empirical findings and conclusions of this study, the following recommendations

are proposed.
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5.4.1 Recommendations for Logistics Organizations

Logistics companies need to embrace a full-fledged digital transformation strategy that goes
beyond technological initiatives alone. Instead of pursuing isolated technological initiatives,
companies should opt for integrated digital platforms that can integrate procurement,
warehousing, transportation, inventory control, customer services, and financial processes into

cohesive information systems.

Investments in artificial intelligence need to go hand in hand with constant investment in
human capital development. Companies should introduce regular training programs revolving
around application of Al technology, data analytics, cloud computing, cybersecurity, predictive
analytics, and digital decision making. Building technical skills within the company will
minimize reliance on external experts as well as prepare organizations for more advanced

technologies.

Organizations also need to improve their data management practices through digital data
management, data quality management, operational databases, and interoperability of

information systems. Quality data forms the basis of successful application of Al technology.

Management should further promote organizational cultures that encourage innovation,
continuous learning, and employee participation during digital transformation initiatives.
Effective change management strategies will minimize resistance while increasing employee

acceptance of new technologies.
5.4.2 Recommendations for Government and Policymakers

The Government of Ethiopia should invest in digital infrastructure at the national level,
including dependable electricity provision, broadband internet connection, cloud computing
capacity, and a secure national data centre. Digital infrastructure improvement will foster an
enabling environment that is conducive to the integration of Al across the entire logistics

industry.

Comprehensive national Artificial Intelligence policies need to be created to offer a framework
regarding data management, cybersecurity, privacy protection, ethical use of Al
interoperability, and institutional responsibility. This will eliminate ambiguities and facilitate

private sector investment.
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Mechanisms should also be put in place for financial incentives to lower the cost of
implementation of digital transformation. These could take the form of tax incentives for
imports of digital technologies, subsidies for investments in digital technologies, innovation

grants, and public-private partnerships for adoption technology in logistics companies.

Close collaboration between the government and universities, research institutions, technical
colleges, and the private sector should be pursued to increase education and training in
Artificial Intelligence, data science, logistics engineering, and supply chain analytics. This will

help increase Al readiness in the country.

Furthermore, the establishment of integrated national logistics information platforms would
facilitate secure data sharing among logistics service providers, customs authorities, transport
agencies, financial institutions, and regulatory organizations. Such interoperability would

significantly improve supply chain visibility, operational efficiency, and decision-making.
5.5 Limitations of the Study

Although this study provides valuable insights into digital transformation and Artificial
Intelligence adoption within Addis Ababa's logistics sector, several limitations should be
acknowledged. The research focused exclusively on selected logistics institutions located
within Addis Ababa and therefore may not fully represent logistics practices across other
regions of Ethiopia. The study also employed a quantitative research approach using structured
questionnaires; consequently, respondents' perceptions could not be explored in greater depth
through qualitative interviews. In addition, the rapidly evolving nature of digital technologies
implies that organizational practices and technological capabilities may continue to change

beyond the period covered by this study.
5.6 Suggestions for Future Research

It is recommended that future research build upon this study by considering the topic of digital
transformation and Al adoption within various regions of Ethiopia in order to conduct
comparative research in relation to regional digital maturity levels. Another approach to future
research can involve the use of mixed methods involving quantitative surveys and qualitative

interviews.

Research into the financial implications of Al adoption over time in relation to logistics

efficiency, use of other emerging technologies including blockchain and IoT in sustainable
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supply chain management, customer acceptance of Al-based logistics, and contributions of

digital transformation towards sustainable development goals in Ethiopia is needed.
5.7 Final Remark

Digital transformation and Artificial Intelligence (Al) have been profoundly changing logistics
in the world, providing immense potential to enhance efficiency, sustainability, and
competitiveness of operations. While the Ethiopian logistics industry has seen some promising
steps toward digitalization using certain digital technologies, the process of creating intelligent
logistics systems is still in the early stages. Overcoming challenges related to infrastructure,
human resources, institutions, and digital policy making will be crucial for further

development.

The results of this research prove that Al is not only an innovative and emerging technology
but also a valuable resource that can revolutionize the logistics management process, making
it more efficient, robust, and sustainable. With joint efforts by the government, private sector,
academic circles, and technology suppliers, Ethiopia has great prospects to use digital

transformation as a driver for upgrading its logistics industry.

Overall assessment: Based on the material you shared, this rewritten Chapter Five is
substantially stronger than the original. It is written in a scholarly style appropriate for a
master's thesis, avoids repetition, synthesizes the findings into coherent conclusions, aligns
recommendations with empirical evidence, and introduces a dedicated limitations section,

which examiners typically expect in postgraduate research.
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RESEARCH QUESTIONNAIRE FOR GRADUATE STUDIES

TOPIC: THE ROLE OF LEVERAGING DIGITAL TRANSFORMATION AND
ARTIFICIAL INTELLIGENCE FOR SUSTAINABLE LOGISTICS MANAGEMENT:
ANALYSIS OF OPPORTUNITIES, ADOPTION BARRIERS AND POLICY
IMPERATIVES IN LOGISTICS SECTOR IN ADDIS ABABA, ETHIOPIA

Dear Respondent,

My name is Henok Birhanu, and I am a master’s student at the School of Commerce,
Department of Logistics and Supply Chain Management. As part of my thesis requirements, I
am conducting research on the digital transformation of the logistics sector in Addis Ababa.
This questionnaire is designed to gather quantitative data regarding your professional
experiences with digital tools and Artificial Intelligence. Your responses are vital to
understanding the 'Digital Paradox' and infrastructure readiness within our industry. All data
will be processed anonymously and used exclusively for academic research. Thank you for

your valuable time.

Confidentiality and Consent: Your contribution in this research is purely optional, and all the
gathered data is treated confidentially for academic purpose only. You can avoid answering any

particular question or you are free to leave at any point in time without any consequences.
Thank you very much for taking part in this survey.

Sincerely yours,

Henok Birhanu

Mobile phone: +251921020632

E-mail: henigc2006(@gmail.com
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SECTION I: DEMOGRAPHIC AND PROFESSIONAL PROFILE

1. Current Organization/Affiliation:

2. Years of Experience in the Logistics Sector:

[ ] Less than 2 years [ ]2-5 years [ ] 6-10 years [ ] Above 10 years

3. Current Job Category:
[ ] Strategic Management [ | Middle Management [ | Operations/Technical

[ ] Policy/Regulatory

4. Primary Area of Operation:
[ ] Freight Forwarding [ ] Warehousing [ ] Customs/Documentation [ ] Transport &

Distribution

SECTION II: CURRENT DIGITAL TOOLS & TECHNOLOGY INVENTORY

5. To what degree does your organization currently utilize the following digital tools? (1 = Not

at all, 5 = Fully Integrated).

S.N Items 112(3]141(5

1 To what degree does your organization currently utilize digital tools

specifically Cloud-based ERP Systems (e.g., SAP, Oracle)

To what degree does your organization currently utilize digital tools

specifically Real-time GPS/Telematics for Fleet Management

3 To what degree does your organization currently utilize digital tools

specifically Automated Warehouse Management Systems (WMS)

4 To what degree does your organization currently utilize digital tools

specifically Electronic Data Interchange (EDI) for Customs

5 To what degree does your organization currently utilize digital tools

specifically Digital Payment and Fintech Platforms

61



SECTION III: Al AWARENESS

6. Please rate your level of awareness regarding Artificial Intelligence applications in

logistics.
S.N | Items Level of awareness
Ver Low Low Moderate | High Expert
Awareness | Awareness | Awareness | Awareness | Awareness
1 Please rate your level

of awareness

regarding  Artificial

Intelligence
applications in
logistics for

predictive analytics

Please rate your level
of awareness
regarding  Artificial
Intelligence

applications in
logistics for demand

forecasting

Please rate your level
of awareness
regarding  Artificial
Intelligence

applications in
logistics for
automated Decision-

Making Engines

Please rate your level
of awareness

regarding  Artificial

Intelligence
applications in
logistics for
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Machine Learning &

Pattern Recognition

5 Please rate your level
of awareness
regarding  Artificial
Intelligence
applications in
logistics for Natural
Language Processing
(NLP)
Conversational

Agents

SECTION IV: INFRASTRUCTURE READINESS

7. Rate the following infrastructure factors based on their current support for Al adoption in
Addis Ababa (1=Very Poor, 5=Excellent).

S.N Items 1/2(3(4]5

1 To what extent the reliability of electrical power supply in Addis
Ababa supports Al adoption

2 To what extent does Internet Speed and Connectivity Stability support
Al adoption

3 To what extent the Availability of Local Al tech support/vendors (ICT
infrastructure) in Addis Ababa supports Al adoption

4 To what extent the Data Quality and Digital Record-keeping (Cloud
and data system), Interoperable platforms in Addis Ababa support Al

adoption

SECTION V: PERCEIVED OPPORTUNITIES FOR SUSTAINABLE LOGISTICS

8. How strongly do you believe Al/Digitalization can impact the following sustainable goals?

(1=No Impact, 5=High Impact)
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S.N Items 1123|415

1 Environmental impact: To what extent does Al/Digitalization impact
the sustainable logistics in terms of Reduction of fuel consumption

Lower emissions, reduced waste

2 Economic impact: To what extent Al/Digitalization impact
sustainable logistics in terms of Optimization of delivery times and

costs, Improved resource utilization

3 Social impact: To what extent Al/Digitalization impact the

sustainable logistics in terms of enhanced safety and transparency

through Job Creation (e.g., tech skills), Community well-being

SECTION VI: ORGANIZATIONAL AND TECHNICAL BARRIERS

9. To what extent do the following factors hinder Al adoption in your organization? (1=Not a

Barrier, 5=Significant Barrier)

S.N Items 112(314/(5

1 To what extent does the Lack of internal budget/financial investment
(Low Organizational Readiness) hinder Al adoption in your

organization?

2 To what extent Resistance to change from current staff (Informal
Logistics Operations) hinder Al adoption in your organization?
3 To what extent Scarcity of trained Al/Digital professionals/Poor

Digital Literacy Levels hinder Al adoption in your organization?

4 To what extent does ambiguity in Government Digital Policies
(Inadequate Policy Implementation) hinder Al adoption in your

organization?

SECTION VII: POLICY IMPERATIVES
10. Which policy intervention would be most effective for the logistics sector? (Select Top 2)
[ ] Tax incentives for digital technology imports

[ ] National data-sharing framework for logistics
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[ ] Government-funded digital skills training

[ ] Establishment of 'Smart Logistics' zones/sandboxes

11. Additional Comments or Observations regarding Al adoption in Addis Ababa:

Thank you for your cooperation and professional contribution to this study.
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