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V craTTi KOCniLKeHO OpraHi3aliifHO-YNPaBIiHChKI YMHHHUKH, IO
BIUIMBAIOTh HA YCHIIIHY IHTErpauito APOHIB y CHUCTEMY JOCTaBKH
«OCTaHHBOI MUJII». HaromnomeHo Ha cTpaTeriqHiil poii MEHEPKMEHTY y
MO/IONAHHI PETYJSATOPHUX, TEXHOJOTIYHHX 1 COLIAIBHUX BHKIIHKIB,
OB’ SI3aHMX 13 BIPOBA/PKEHHAM APOHIB. BU3HAUYCHO KIIIOYOBI HANPSIMHU
YHPABIIHHA — MEHE/DKMEHT DPHU3HKIB, DEryJIATOpHE 3a0e3NeucHHs,
IUIaHyBaHHs iHTerpaiii, po3BUTOK JIOACBKHUX PeCypciB Ta onepauiiiHy
koopauHauio. OcobauBy yBary NpHAiICHO (HOPMYBAHHIO aJallTHBHUX
6i3Hec-Mo/eIei i PO3BUTKY TeXHIUHOT iIHYPACTPYKTYPH, 30KpeMa CHCTEM
IITYYHOTO IHTENEeKTY, BiJCTEXKEHHS B PEAIBHOMY Yaci Ta Mepex
mig3apsaaky. Pe3ynbTaTn OCIHIDKEHHS MiAKPECIIOTh, M0 e(eKTHBHA
iHTerpamis  ApoHiB  moTpedye  MDK(YHKIIOHANBHOI  cHiBIpalt,
YIOpaBIiHHSA IHHOBALisIMH Ta CTPATEriyHOro JijfepcTBa 3MiH Ui
iBUIECHHS e(EKTUBHOCTI Ta CTANOCTI JOTiCTUYHNX CHCTEM.

Kniouosi cnosa: pusuku 6e3MinoTHUX onepartiii, inppacrpykrypa U-
Space, miAroToBKa IEPCOHaly, COLaNbHE CIPUIHSTTS, yIPOBAIKCHHS
iHHOBAIIiH, PEryJIsTOPHE CepeIOBHIIE

Krupskyi O.P., Ostapiuk A.F., Stasiuk Yu.M. Organizational and
Managerial Factors of Drone Integration into Last-Mile Delivery.
Scientific and methodical article.

The article examines the organizational and managerial factors that
influence the successful integration of drones into last-mile delivery
systems. It emphasizes the strategic role of management in addressing
regulatory, technological, and social challenges associated with drone
implementation. The study identifies key areas, including risk
management, regulatory compliance, integration planning, human
resource development, and operational coordination. Special attention is
given to the creation of adaptive business models and the development of
technical infrastructure, including Al-based navigation, real-time
tracking, and charging networks. The findings highlight that effective
drone integration requires cross-functional collaboration, innovation
management, and strategic change leadership to enhance logistics
efficiency and sustainability.
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odern logistics is undergoing a profound

transformation driven by the rapid

development of Industry 4.0 and artificial

intelligence [1]. These technological shifts
contribute to the emergence and integration of
autonomous vehicles, including drones, which are
considered as key catalysts for a revolution in delivery
processes, especially in what is often referred to as the
"last mile". The growing global volume of e-commerce
[18] highlights the urgent need for efficient and
innovative logistics solutions. The COVID-19
pandemic has further accelerated interest in contactless
and automated delivery methods, reinforcing the
relevance of drone implementation [10, 21].

Drone management in logistics offers notable
advantages alongside ongoing challenges. Studies
indicate that unmanned aerial vehicles reduce costs [9,
14, 19], increase operational efficiency [5, 9, 10, 13,
14, 18], and have certain environmental benefits [5, 7,
14, 15, 19]. Using drones can substantially lower
operating expenses, as last-mile delivery accounts for
approximately 30% of total transportation expenses
[21]. Compared to traditional delivery, using UAV can
reduce total delivery time by up to 20% [14]. Despite
this, there are still obstacles. The main challenges
include regulatory uncertainties, in particular the
requirement to keep drones within visual line of sight
(VLUS), while flights beyond visual line of sight
(BVLOS) are complicated [3, 16]. Technical
limitations such as dependence on GNSS (Global
Navigation Satellite System), limited battery capacity
and the complexity of route planning should also be
taken into account [2, 3, 5, 8-11, 16, 19]. Last-mile
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delivery plays a crucial role in logistics chains and has
significant potential for optimization of expenses and
efficiency improvement. The high cost of this segment
makes the introduction of drones not only a
technological innovation but also a necessary condition
for forming and maintaining a competitive advantage
in the market. However, this technology has a dual
nature: on the one hand, it offers vast opportunities for
automation and reduction of operating expenses; on the
other hand, its development is constrained by battery
autonomy, payload capacity, and regulatory barriers.

At the same time, the role of management is to
strategically overcome these limitations by developing
a phased integration plan, forming adaptive business
models, and aligning operational goals with available
technical resources. Management provides compre-
hensive risk analysis, economic feasibility assessment,
and integration of drones into business processes,
which requires a high level of coordination between
engineering, logistics, and regulatory subsystems.
Considering the above, this study aims to identify and
systematize the key organizational and managerial
factors that determine the successful implementation of
drones in the last-mile delivery system. The article
focuses on the managerial aspects of integrating drones
into business processes, emphasizing their importance
for increasing the flexibility and sustainability of
logistics systems.

To achieve this goal, a systematic literature review
(SLR) was conducted. This approach made it possible
to identify major trends, gaps in knowledge, and key
concepts that are critical for drawing scientifically
sound conclusions. The search for scientific sources
was carried out in two authoritative databases:
Semantic Scholar and Google Scholar. Most of the
sources, namely 20 articles, were identified in the
Semantic Scholar database, chosen for its advanced
filtering capabilities, and one in Google Scholar. The
search followed a plan that used keyword combinations
to accurately identify relevant articles.

At the initial stage, broad and universal queries
were used to identify the main body of literature: the
query "drones last-mile delivery logistics” yielded
1,330 results, of which 20 were analysed and 2 relevant
articles were included in the sample [16, 18]; the query
"drones UAV last-mile delivery logistics" yielded 303
results, 20 of which were analyzed and 3 articles were
included [2, 10, 20]; the query "drone UAV drones last-
mile delivery" yielded 828 results, 30 of which were
analysed and 3 articles were included in the sample [10,
19, 21]. At the next stage, a series of specialized search
queries was used to analyze individual aspects of the
topic in greater depth. In particular, the query "drone
challenges delivery" yielded 33,100 results, from
which 1 relevant article was selected after analysis
[13]; "drones challenges logistics" yielded 13,700
results, with 1 article included [4]; "drone greenhouse
gas emissions" — 39 600 results, with 1 article included
[7]; "drone multimodal logistics" — 1 600 results, with
1 article included [6]; "drones parcel delivery" — 3 170
results, with 1 article included [8]; "drone city
logistics" — 4 310 results, with 1 article included [15];
"unmanned aerial delivery vehicle" — 40 200 results,

with 1 article included [12]. A series of targeted search
queries was used to identify organizational and
managerial aspects. In particular, the query "mana-
gement multimodal logistics" yielded 15,800 results,
from which 1 article was selected after analysis [3]; the
query "management drones logistics" yielded 16,600
results, from which 2 relevant articles were included
[9, 11]. To identify review papers that formed the
theoretical basis of this study, the query "drones last-
mile delivery literature review" was used, yielding 213
results, of which 30 were analyzed and 2 articles were
included in the sample [1, 14]. The search covered the
period from 2021 to 2025. The analysis included open-
access scientific articles published in the fields of
engineering, business, environmental sciences, and
computer sciences. During the search, a significant
overlap in results was noted between different queries,
confirming the interrelatedness of the topics studied.
Duplicate articles were excluded, and the analysis
continued to identify additional unique works.

Thus, the final selection of 21 articles was made
based on their narrow specialization and direct
relevance to the research topic, i.e., identifying
organizational and managerial factors in the
implementation of drones in last-mile delivery. At the
same time, additional scientific and analytical sources
were also used to form a broader literature review,
including policy reports, analyses by international
organizations, and review articles, which helped to
broaden the context of the analysis and provide a
deeper understanding of industry trends.

Analysis of recent research and publications

The integration of drones into last-mile delivery
represents complex interactions between organization-
nal and managerial factors that significantly influence
the success of their implementation and scaling [22,
23]. Last-mile delivery, the final link in the supply
chain, is characterized by high expenses and significant
environmental impact, making drone technology a
promising solution for improving efficiency and
sustainability [22, 24-26]. However, realizing these
benefits requires careful consideration of internal and
external organizational and managerial aspects [23].

Organizational factors encompass the internal
structure, resources and competencies that determine
an enterprise's readiness to implement new techno-
logies. An important component is the development of
powerful Big Data Analytics Capabilities (BDACS)
[27]. The conceptual model proposed by Huynh,
Nippa, and Aichner [27] highlights the following
prerequisites for BDAC: basic organizational resources
(data, technology, human skills) and a data-oriented
culture. Human competencies (managerial, technical,
business, and HR skills) are critical for the effective use
of data and technology [27]. A culture based on
analytics promotes organizational learning, internal
knowledge development, and continuous improvement
of analytical processes. In addition, resources specific
to Big Data (aggregation, management and data
architecture) ensure the availability and quality of data
required for drone operation [27].
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The process of integrating disruptive technologies,
particularly drones, also depends on individual
dynamic capabilities, interaction with external
partners, adaptation, and the use of new ecosystem
opportunities [28]. These elements, in accordance with
the conceptual model of innovative technology
integration, form an ecosystem-oriented business
model, which is key to the effective use of drones in
last-mile delivery. It is important for SMEs to develop
evolutionary, devolutionary, or revolutionary digital
transformation strategies, taking into account the
specific features of these technologies [28].

Managerial factors relate to leadership, decision-
making processes, and strategic vision. The willing-
ness of managers to overcome information barriers and
support the implementation of Al technologies is a key
condition for the effective use of unmanned systems
[29]. Trust and acceptance of Al decisions among
managers remain important. It is necessary to have a
clearly defined Al strategy aligned with overall
business goals, as well as a specific implementation
methodology that covers technology selection,
integration with existing systems, and personnel
training [29].

The model of factors influencing innovation
performance emphasizes the role of entrepreneurial
culture, internal organization, management style
(centralization of decisions, performance-based pay),
and management strategies (R&D, investment in
intangible assets, financing) [30]. An entrepreneurial
culture characterized by risk-taking and proactivity
creates the conditions for innovation, including the
introduction of drones [30]. Managers should balance
short-term gains with long-term strategic goals,
avoiding managerial myopia that can hinder change
and company development [31].

Organizational resilience, shaped by adaptive
capabilities, minimizes the impact of external
uncertainty and supports strategic change [31].

Among the main challenges of integrating drones
into last-mile delivery are operational safety and
reliability [32], air traffic control, load capacity,
regulatory support, and public perception [23].
Security and privacy risks are particularly important, as
drones operate outside a controlled environment [33].
In urban environments, perceptions of drones are
sensitive to technological, privacy, and functional
aspects [34]. Consumer acceptance determines the
success of drone delivery services and depends on
factors such as perceived usefulness, privacy concerns,
regulatory restrictions, and trust in the organization
[35-37]. Public acceptance is critical to the
implementation of urban air mobility, so public
expectations should be taken into account [38].

Using drones also requires significant investment in
infrastructure and its maintenance, although, according
to the research, these aspects are less significant
compared to proper cargo handling and regulatory
compliance [18]. At the same time, proper handling of
goods is considered the most important factor (62%),
while investment in technology and maintenance
accounts for 21% [39].

To optimize last-mile delivery, hybrid models
combining trucks and drones are being actively
researched [40-43]. Such systems allow trucks to be
used for long-distance transport and drones for short
local routes, reducing costs and increasing customer
satisfaction [42, 43]. For example, a truck can deliver
several drones to a specific area where they perform
individual deliveries, reducing transport costs by up to
55% in the case of low flight costs ($0.01/mile) [42].

At the organizational and managerial levels,
successful integration of innovation requires strong
leadership, effective resource allocation and a
supportive culture [44]. The research shows that these
levels account for up to 32.5% of the factors that
influence the quality of working life [45].

Therefore, the successful integration of drones into
last-mile delivery depends on a strategic approach that
encompasses both organizational capabilities (analyti-
cal infrastructure, adaptive culture) and managerial
effectiveness  (strategic  vision, readiness for
technological change, risk management systems) [27,
29, 31, 46]. Given the development of urban computing
and the Internet of Drones, effective management of
airspace and communications infrastructure is
becoming essential, requiring a comprehensive
integrated strategy [46].

The main part

Strategic factors for the implementation of drones.

The implementation of drones into logistics is a
complex strategic task that requires careful consi-
deration of regulatory frameworks, risk management
systems, and integration planning processes. These
factors form the basis for the successful scaling and
sustainable operation of drone operations.

The framework for regulatory compliance.

One of the most significant obstacles to the
widespread use of drones in logistics is the lack of
adequate regulation and clear rules for applying
civilian drones in airspace. [2, 4, 5, 11, 15, 18-21]. This
problem is complicated by the fact that regulations are
often developed independently in each country, leading
to incompatible or even conflicting rules [1]. For
example, in Ukraine, the legal framework does not
define drones as an independent transport unit. [3]. In
the USA, drones are restricted to flights only during
daylight hours and below an altitude of 400 feet [11].
The restrictions also address issues related to unautho-
rized flights, loss of communication, cyberattacks, and
physical threats [5]. Existing research highlights the
urgent need to develop flexible, risk-based regulatory
frameworks that take into account the specific nature
of drone operations. Leading regulatory bodies, such as
the Federal Aviation Administration (FAA) in the
United States and the European Union (EU), are
actively working to establish such rules [16]. An
important organizational requirement is to include the
legal department in the team developing the business
case for drone implementation, as regulatory
documents are one of the initial costs [17]. Successful
implementation also requires approval from local
authorities [13].
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The effective formation of a regulatory framework
requires continuous dialogue between government
authorities and market participants. Businesses cannot
remain passive; they must actively engage with
regulators by providing information and expertise to
ensure that legislation aligns with the real needs and
capabilities of drones. Public authorities possess a
critical resource for stimulating economic growth in
this sector. Therefore, lobbying and building relation-
ships with regulators are essential for the successful
implementation of drones in delivery services.

Risk management systems.

The implementation of drones into logistics
processes is accompanied by a complex set of multi-
level risks, which necessitates the development and
implementation of reliable risk management systems.
To ensure the efficiency and safety of drone operations
in last-mile delivery, it is important to identify key
threats and categorize them systematically. The main
types of risks are listed in Table 1.

Table 1. Classification of risks associated with the implementation of drones in last-mile delivery

Risk category

Description of risks

Security risks
risk of accidents or misuse [19].

Threats to public safety during flights [14], risk of drone crashes and injuries [20], collisions
with other flying objects, especially near airports [3], crashes into pedestrians [3], as well as the

Technical risks

Limited payload capacity [5, 9, 14, 18] and flight time [5, 18], insufficient battery charge [5],
rotor or battery failure [5], general technical errors [11], and dependence on GPS [8, 12].

Operational risks

The impact of weather conditions [10, 11, 18], the inability to reach the destination due to
obstacles, interference from birds [11], as well as problems with route planning [8, 11].

Financial risks

High cost of purchasing and maintaining drones [18], as well as high initial costs for
implementing and configuring the system [12].

Data privacy and
security risks

Perceived risks include privacy [21], trespassing on private property [18], cyberattacks and
hacking/hijacking of drones for unauthorized purposes [2, 5, 9, 11, 19, 20], and data theft [20].

Social risks

Possible negative attitude of people due to noise or the presence of drones [14].

Source: authors’ own elaboration

The risks associated with drones are not limited to
technical aspects, but cover a wide range from physical
safety to cybersecurity and social perception, requiring
a comprehensive approach to risk management. The
list of risks, which includes technical failures, weather
conditions, cyber attacks, privacy, and social
perception, shows that a simple technical solution will
not solve all problems; an integrated strategy that takes
all these risks into account is needed.

Integration planning processes.

Effective integration of drones into logistics
systems requires a comprehensive and interdisciplinary
approach to planning. Successful integration involves
creating a team that includes stakeholders from various
departments, such as accounting, procurement, IT,
maintenance, aviation, security, and legal [17].

One of the key aspects is the integration of drones
into existing logistics systems, particularly hybrid
models that combine drones and trucks. This approach
significantly reduces overall expenses (by up to 62%)
and increases delivery speed [18]. The development of
new logistics management software and the integration
of these technologies into existing delivery networks
pose certain challenges [16]. The feasibility of
cooperation between drones and trucks remains an
open question [19]. The study [11] provides valuable
recommendations for modelling and optimizing issues
related to drones and unmanned aerial vehicles
(UAVS), in particular regarding the synchronization of
drones with other vehicles. Infrastructure planning is
also critically important, involving the need to develop
a network of charging [19] or battery-swapping
stations [2], which represents a significant technical
and financial challenge. Coordination with external
parties, such as local authorities and medical

institutions (for medicine deliveries), is important for
optimizing routes and take-off/landing locations [13].
In addition, integration planning should take into
account the interaction between the drone and the
recipient after delivery, as well as the possibility of
cooperation with the courier [1].

Drone integration planning is a complex
interdisciplinary project that affects nearly all aspects
of a company’s operations, including the involvement
of multiple departments, the development of new
software, synchronization with other modes of
transport, and infrastructure planning.

The successful integration of drones, especially in
hybrid models (drone + truck), can accelerate the
transition of logistics companies to the ‘logistics as a
service’ model. It will also enable them to offer
comprehensive, optimized and high-tech services,
resulting in significant cost reductions, increased speed
and a sustainable competitive advantage in the market.

Elements of operational management.

Effective operational management is essential for
the successful implementation of drones into logistics
processes. This includes coordinating complex tech-
nical infrastructure, developing reliable safety manage-
ment systems, and optimising resource allocation
mechanisms.

Coordination of technical infrastructure.

Coordination of technical infrastructure is
fundamental to the effective operation of drones. Using
artificial intelligence-based algorithms to optimize
routing directly points to the need for a developed
technical infrastructure that supports such advanced
technologies. [18]. An unmanned aerial system (UAS)
is a complex set of components that includes the drone
itself, control stations, software, monitoring systems,
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communication devices, data processing terminals,
landing systems, launch and recovery systems,
maintenance equipment, as well as storage and
transportation systems [3].

Drone management software must take into
account a wide range of functionalities, such as the use
of GPS, APIs, audio/video sensors, 5G, 4G, LTE,
Bluetooth Low Energy (BLE) communications,
payload management, cloud storage, collision
avoidance, and real-time HD video sharing [12]. A
reliable wireless communication infrastructure is
crucial for the success of drone delivery operations,
while the widespread use of built-in wireless interfaces
has greatly facilitated their implementation [19]. Real-
time tracking systems provide greater visibility and
control over the delivery process [16]. The support
infrastructure includes the need to deploy a network of
charging or battery-swapping stations [2]. Technical

limitations, such as battery limitations, payload
capacity, and flight time, are key challenges [8, 20].
Additional GPS trackers and radio frequency modules
can be used to solve communication loss problems, and
automatic cargo disconnection systems are also being
developed [13]. The importance of software platforms
such as U-Space, which include surveillance,
communication and geofencing systems, is also
emphasized [8].

The development of the technical infrastructure for
integrating drones into last-mile delivery requires
systematic interaction with technology providers,
software developers, and telecom operators to create a
comprehensive and adaptive ecosystem. The success of
such integration depends on an organization’s ability
not only to innovate, but also to integrate into the
broader technological infrastructure and contribute to
its development (Table 2).

Table 2. Key Technological Components of the Last-Mile Drone Delivery Ecosystem

Technology Purpose

Strategic importance for operations

Al-algorythms management

Intelligent routing optimization and flight

A basic tool for enhancing the efficiency,
accuracy, and safety of delivery

GPS trackers and radio
frequency modules

Continuous tracking of drone locations and
resolution of communication loss issues

Ensure the reliability and stability of flights
in real time

5G, 4G, LTE, BLE-
connection

High-speed wireless communication between
drones, stations and control centres

Critically essential for continuous data
exchange and the successful execution of

operations

Programme platforms (for

example, U-Space) and geofencing

Centralized drone management, monitoring,

Enable airspace coordination and ensure
compliance with regulatory requirements

Real-time tracking

Monitoring and control of the delivery

Increase operation transparency and

systems process optimize routes
Battery . . -
- Ensuring an uninterrupted power supply for Increase autonomy, resilience and
charging/replacement o .
stations drones scalability of operations

Sensors (audio/video) and
collision warning systems

obstacles

Collecting environmental data and avoiding

Increase safety level and support
autonomous navigation

Source: elaborated by the authors based on [2, 3, 8, 12, 13, 16, 18-20]

Systems for security management.

Safety is one of the most critical aspects that
requires careful management when introducing drones
into logistics. Ensuring public safety is a key factor that
must be considered when planning drone flight paths
[18]. There are a number of risks associated with the
use of drones (Table 3).

Effective management of these risks requires the
development of analytical methods and tools for

analysing data on obstacles and ensuring safe air
navigation [2]. It is also recommended to develop new
security concepts, route optimization algorithms and
real-time monitoring systems [11].

An important measure is to plan flight routes away
from densely populated areas [13]. A positive aspect is
that using drones can help to reduce traffic congestion
and the overall number of accidents [2].

Table 3. Main Categories of Risks Associated with the Use of Drones in Last-Mile Delivery

Risk category

Description

Physical risks

The risk of drones falling on pedestrians [3], collisions with aircraft near airports [3], as well
as risks related to the physical safety of parcels [10].

Cybersecurity risks

The Internet of Drones (loD) network is vulnerable to cyber threats, and standard
cybersecurity tools prove insufficient for its protection [10].

Source: authors’ own elaboration

The safety of drones is a complex challenge that
encompasses physical, cybernetic, and operational
security. It requires management systems that cover
both hardware and software. Furthermore, effective
safety systems are not only an operational necessity but

also a critical factor in building public trust. As public
concerns about drone crashes and privacy issues can
undermine trust and slow implementation, security
becomes not only a technical but also a social and
reputational aspect.
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Mechanisms for resource allocation.

Efficient resource allocation is critically important
for optimizing drone operations, especially given their
inherent limitations. The main technical constraints
affecting resource allocation include limited payload
capacity (typically up to 3-4 kg) and limited flight
time/autonomy (up to 30-40 minutes) due to battery
capacity [2, 3].

To adapt to these restrictions, companies can
change their approach to resource use. For example,
different operations may require different load
capacities, and teams can adapt resources by using
smaller 0.5 kg boxes instead of standard ones [13].

Managing a drone fleet, including determining its
size and optimization, is a priority task [8]. Study [19]
refers to research dedicated to determining the size of
a drone fleet for urban delivery operations.

It is necessary to develop strategic plans that
integrate drones into existing logistics workflows,
particularly focusing on how to effectively manage
vessels, drones, and port facilities [6].

Managers also need to consider tactical planning,
such as determining the number and specifications of
drones required based on transportation data [6]. Route
planning is a critical aspect related to capacity
management [11], and it is also necessary to balance
battery weight and energy requirements to ensure
sufficient range [16]. The implementation of charging
docking stations for drones to improve operational
sustainability is an open challenge [19]. Optimizing
VRP (Vehicle Routing Problem) and capacity plan-
ning, for example, forecasting the volume of parcels
for the next day, are also important aspects [10].

The limitations of drone payload capacity and flight
time require companies to rethink their logistics

network, transforming it from a linear structure into a
more dynamic and distributed one.

This forces companies to seek innovative appro-
aches to resource allocation, including adapting parcel
sizes, optimising routes and developing new infra-
structure. Efficient resource allocation and strategic
hub locations are becoming critical to operational
efficiency and competitiveness.

Human resource factors.

The successful implementation of drones in
logistics largely depends on effective human resource
management, which includes training and development
programmes, approaches to change management, and
adaptation of the organizational structure.

Training and development programmes.

The operations of drones require skilled technicians
and operators, which in turn may lead to increased
personnel costs [2]. The availability of qualified and
experienced resources in the field of drone delivery is
currently limited, creating a workforce shortage [2, 3,
12].

Training and raising awareness about drone
technology is one of the strategies for overcoming
barriers, with the aim of helping to increase public
confidence in the new technology and ensuring its
proper use [20]. It is necessary to ensure drone pilots’
comprehensive recruitment and training and ground
support operators with all the necessary skills [12].
Personnel training is an important step in helping them
adapt to new technologies. Management should clearly
communicate to employees how the introduction of
drones will enable them to perform more valuable
work, transforming their roles [17]. Key categories of
personnel and their competencies for the introduction
of drones in last-mile delivery are reflected in Table 4.

Table 4. Key Personnel Categories and Their Competencies for Implementing Drones in Last-Mile Delivery

Personnel category

Necessary skills/knowledge

Importance of training

Drone pilots A
navigation

Piloting skills, knowledge of aviation law,

Ensuring flight safety and compliance with
regulations

Technicians

Service, repair, diagnostics of drones

Maintaining equipment performance,
minimizing downtime

Ground support operators i
processing

Monitoring, mission management, data

Ensuring operational efficiency and safety

Managers

Understanding technology, change
management, strategic planning

Effective implementation and integration of
drones into business processes

Source: elaborated ny the authors based on [2, 3, 12, 20]

Approaches to change management.

The integration of drones and unmanned vehicles is
still in its early stages of development. It requires
significant research and development, and it will take
some time before this technology is widely accepted
and fully integrated into the industry [16]. The
successful implementation of such technology requires
effective communication at all levels of the
organization: with managers, subordinates, and
colleagues [17].

Adaptation of the organizational structure.

The introduction of drones requires significant
adaptation of organizational structures to ensure
effective interdisciplinary cooperation [5, 16].
Companies are already creating new divisions, such as

UPS Flight Forward, to develop their drone delivery
initiatives, which is a direct example of such adaptation
[16]. Moreover, the proposed concepts envisage
transforming the entire logistics system into a two-tier
(two-level) system to improve efficiency [15].
Successful integration of drones also requires the
involvement of stakeholders from various departments,
including accounting, procurement, IT, maintenance,
aviation, security, and legal [17]. Companies’ ability to
adapt their structures is essential for innovation, which
will  facilitate the transition from traditional
hierarchical models to more flexible, networked ones,
where teams are formed around projects and
interdisciplinary collaboration becomes the norm. This
approach allows for the rapid integration of new
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opportunities, as rigid structures hinder innovation,
while flexible and adaptive organizations respond
more quickly to change and achieve competitive
advantage.

Discussion

This study aimed to identify key organizational
factors for the successful integration of drones into
last-mile delivery. Five main factors were identified:
regulatory control, risk management, integration
planning, human resources policy, and operational
management. These factors form a closely interrelated
system, where ignoring one of them can cause
disruptions in other areas, emphasizing the need for a
holistic approach. For example, regulatory uncertainty
creates legal and operational risks, while technical
constraints such as load capacity affect strategic
decisions and integration plans. In turn, a shortage of
qualified personnel can hinder risk management and
the implementation of technological solutions.

The identified factors serve as a roadmap for
management, allowing them to minimize risks and
optimize processes. Success in this area depends on the
ability to effectively balance regulatory, risk, technical,
and human resource challenges. Companies that can
harmoniously integrate these elements will gain a
competitive advantage by offering faster, more cost-
effective and reliable services, facilitating the
transition to a "logistics-as-a-service" model.

The study mentions "perceived privacy risk" and
“fear of accidents’ in risk management, but the use of
drones with cameras raises deeper questions related to
surveillance, collection and protection of personal data,
which go beyond simple perception and require
consideration of ethical dilemmas. Noise pollution and
visual intrusion into residential areas can raise
concerns about life quality. Companies therefore, need
to develop clear ethical principles and transparency
policies regarding data collection, use, and storage.
Active engagement with communities on noise
reduction and flight path optimization is an important
part of social acceptance. The study also highlights the
need for new skills and role transformation. Although
new jobs are being created (pilots, technicians),
traditional roles in the delivery sector, particularly
truck drivers on certain routes, will inevitably be
displaced. The ethical responsibility of business is to
manage this transition through retraining and reskilling
programmes.  Companies need to develop
comprehensive workforce support strategies by
investing in employee training and education, which
will mitigate the social impact and help to build a
positive image.

The main limitation of the study is its qualitative
nature, which is based on a systematic review of the

literature and does not allow for a quantitative
assessment of the impact of each factor. The study
notes that most sources are based on the experience of
developed countries, which may limit the applicability
of the findings in developing countries.

In such countries, regulatory frameworks are often
less developed or non-existent, making regulatory
oversight particularly critical. Technical infrastructure
can be underdeveloped, creating additional operational
challenges. At the same time, in developing countries,
less developed traditional logistics infrastructure can
create opportunities for rapid drone adoption,
especially in remote or underserved regions. Managers
in such environments should focus on regulatory
advocacy, infrastructure development, and finding
unique niche applications for drones, such as
delivering medicines to hard-to-reach areas.

Conclusion

The study confirms that the integtation of drones
into last-mile delivery is a complex task. Despite
significant advantages — cost reduction, increased
efficiency and environmental benefits — implemen-
tation is accompanied by significant challenges,
including regulatory uncertainty, technical limitations
and a wide range of risks, from physical to cyber ones.

The success of drone integration depends not only
on technological investments, but also on
management’s ability to strategically manage these
factors, ensuring cross-functional collaboration and
proactive adaptation. The results are of practical
importance for business, especially logistics compa-
nies, providing a structured model for identifying key
aspects of drone implementation. The factors identified
in the study form the basis for developing strategies
that minimize risks, optimize processes and ensure a
smooth technological transition. This allows not only
to enter the drone delivery market, but also to gain a
sustainable competitive advantage.

A key methodological limitation of this study is its
predominantly qualitative design, which limits the
ability to accurately quantify the impact of individual
factors. An additional limitation is the dominance of
developed countries in the sources of experience used,
which narrows the possibilities for extrapolating the
results obtained to emerging markets. Based on the
identified limitations, promising directions for further
research are: conducting quantitative analyses of the
influence of key factors; studying the peculiarities of
the introduction of drones, taking into account the
specifics of national markets and legislative conditions,
in particular Ukraine; as well as the impact analysis of
public perception on the success of technological
adoption via using sociological surveys.

Abstract

The article provides an in-depth analysis of the organizational and managerial factors influencing the
integration of drone technology into last-mile delivery systems under the conditions of digital transformation and
Industry 4.0. As e-commerce continues to expand and consumer expectations for speed and sustainability increase,
drones are emerging as a promising innovation for optimizing logistics processes, reducing delivery times, and
minimizing environmental impact. However, the adoption of such disruptive technologies involves not only
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technical readiness but also the effective coordination of managerial decisions, organizational structures, and
regulatory frameworks.

The study is based on a systematic literature review (SLR) that covered the period from 2021 to 2025, using
the databases Semantic Scholar and Google Scholar. The selection process resulted in 21 specialized scientific
articles, which served as the core analytical base for identifying management-related factors in drone delivery
integration. These publications are narrowly focused on the topic of organizational and managerial issues in drone
logistics. In addition, other academic and analytical sources, including review papers, reports, and policy
documents, were used to provide broader contextual support for the literature review. The analysis included
publications in the fields of engineering, business, environmental sciences, and computer science.

The research identified five key management dimensions crucial for the successful adoption of drones in
logistics: regulatory control, risk management, integration planning, human resource development, and operational
management. From an organizational standpoint, the study highlights the importance of developing Big Data
Analytics Capabilities (BDACS), creating adaptive business models, and cultivating a data-driven culture that
supports evidence-based decision-making. Cross-departmental collaboration — particularly between engineering,
IT, logistics, safety, and legal units — is seen as essential for managing the complexity of drone operations and
ensuring compliance with international aviation and cybersecurity standards.

At the managerial level, leadership commitment and the ability to manage change play a decisive role. The
paper emphasizes that managers must promote the acceptance of Al-driven technologies, ensure ethical and
regulatory compliance, and develop strategies that balance innovation with risk mitigation. Furthermore, an
entrepreneurial and innovative culture fosters flexibility and long-term competitiveness, while organizational
resilience enables firms to adapt to uncertainty and sustain strategic growth.

The study also addresses practical challenges in drone implementation, including air traffic management,
battery endurance, payload limitations, cybersecurity threats, privacy protection, and public acceptance. Public
trust and social perception are recognized as critical determinants of the scalability of drone-based delivery
systems, especially in urban environments. To gain public support, companies should develop transparent
communication strategies and engage communities in discussions about safety, noise levels, and data protection.

Additionally, the article examines hybrid delivery models that combine trucks and drones to optimize delivery
networks. Such models demonstrate the potential for cost reductions of up to 55% compared to truck-only logistics,
if infrastructure — such as charging stations, real-time tracking systems, and 5G connectivity — is sufficiently
developed.

Overall, the study concludes that the integration of drones into last-mile delivery requires not only
technological innovation but also strategic managerial transformation. The success of this process depends on
effective governance, risk management, and human capital development within adaptive organizational structures.
The findings contribute to the broader discourse on sustainable and intelligent logistics systems and offer practical
insights for managers, policymakers, and researchers seeking to enhance the efficiency, safety, and resilience of
future delivery ecosystems.
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