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DEVELOPING A DRONE
ECONOMY: A METHODOLOGICAL
FRAMEWORK

Abstract. The emergence of the drone economy represents a trans-
formative element of modern digitalized national economies, integrat-
ing unmanned aerial vehicles (UAVs) into strategic industries such as
energy, agriculture, logistics, infrastructure, and defense. This study
proposes a comprehensive methodological framework for assessing the
development of the drone economy, addressing its technological, eco-
nomic, regulatory, industrial, and sustainable development dimen-
sions. The research employs a systems approach, combining literature
review, system-structural analysis, comparative assessment, statistical
normalization, and expert judgment to construct an integral index of
drone economy development (DEI). In addition, a sector-specific effi-
ciency indicator is introduced to evaluate the impact of UAV implemen-
tation on productivity, cost reduction, safety, and environmental, social,
and governance (ESG) outcomes. The proposed indicators enable a ho-
listic assessment of UAV integration, capturing both direct and indirect
effects, as well as structural and institutional constraints. The frame-
work also facilitates cross-country and cross-sectoral comparisons and
provides guidance for policymakers, industry stakeholders, and inves-
tors in identifying priority areas for fostering the drone economy. The
findings highlight the importance of combining technological adoption
with ESG principles to achieve sustainable, efficient, and socially re-
sponsible industrial transformation. By integrating drone technologies
into strategic sectors, countries can enhance competitiveness, optimize
resource utilization, and promote digital and green growth. The study
contributes to the literature by offering a systematic tool for evaluat-
ing the multi-dimensional impact of UAV adoption and establishing
a foundation for further research on the role of drones in economic de-
velopment and sustainable industrial ecosystems.

Keywords: drone economy, UAV integration, strategic industries,
sustainable development, ESG framework, digital transformation,
technological innovation

1. Introduction

The formation of the drone economy is one of the key components
of the digital transformation of modern national economies, which is
especially relevant in the context of global challenges related to ensuring
sustainable development, increasing resource efficiency and strength-
ening economic security. The use of UAVs in strategic industries con-
tributes to the optimization of production processes, reducing costs,
increasing safety and minimizing negative environmental impacts.

In modern conditions, the drone economy is considered not only as
a technological phenomenon, but as a complex socio-economic ecosystem
that integrates digital technologies, institutional mechanisms, inno-
vative business models and principles of sustainable development [1].

It should be noted that global processes of technological transforma-
tion are significantly changing approaches to the development of strate-
gic industries in leading countries of the world. Under the influence of
digitalization, automation and the introduction of intelligent systems,
the role of traditional production factors is being rethought and new
models of industrial policy are being formed. In these conditions, stra-
tegic industries, in particular the defense-industrial complex, energy,
transport and logistics infrastructure, agro-industrial and mining and
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metallurgical sectors, are increasingly considered as
platforms for the implementation of high-tech solu-
tions capable of ensuring the long-term competitive-
ness of national economies.

One of the key elements of modern technological
transformation is unmanned aircraft systems, which
in foreign practice go beyond military use and are ac-
tively integrated into civil and industrial processes. In
countries with a developed innovation infrastructure,
UAVs are used as a tool for increasing the efficiency
of production facility management, monitoring criti-
cal infrastructure, ensuring security and optimizing
resource use [2]. Thus, unmanned technologies are be-
coming a component of broader industrial ecosystems
that combine physical assets with digital platforms for
data collection and analysis [3].

In recent years, the scientific literature has seen
a significant increase in the number of studies devoted
to the use of unmanned aerial vehicle (UAV) in various
industries, in particular in the context of technologi-
cal transformation of strategic sectors. An important
source of generalization of current trends are thematic
special issues of the international journal “Drones”,
which focus on critical industrial applications of UAVs,
including inspection, maintenance, safety monitoring
and assessment of the environmental condition of fa-
cilities with increased risk to people and equipment
(for example, nuclear or oil facilities) — this direction
emphasizes the importance of unmanned technologies
in ensuring the safety and efficiency of industrial sys-
tems in foreign practice.

Separate review works focus on the technical as-
pects of the introduction of UAVs into industrial op-
erations. Thus, works analyzing the architecture of
systems for real-time surface inspection using drone
swarms demonstrate that the coordination of several
UAVs using the Internet of Things (IoT) and optimi-
zation algorithms allows you to automate complex
processes of monitoring the state of infrastructure,
which is important for large-scale industrial facili-
ties — from energy networks to buildings [4]. This
approach corresponds to the global trends of digi-
tal transformation of production and Industry 4.0,
where automated systems and drone platforms act as
a source of operational data for management decisions.
Another area of research is devoted to the inspection
and monitoring of large infrastructure facilities in in-
dustrial conditions. Comprehensive literature reviews
show that unmanned systems can significantly reduce
time and financial costs of inspection, increase occu-
pational safety, and improve the quality of technical
diagnostics compared to traditional methods — such
conclusions are contained in reviews of works inves-
tigating unmanned inspections and non-destructive
testing of large industrial facilities and structures [5].

Considerable attention is paid to the integration
of UAVs with data processing systems, in particular
in combination with electronic sensor systems and
artificial intelligence. An analysis of recent research
with an emphasis on automatic data processing and

autonomous control demonstrates that the use of pre-
dictive navigation algorithms, deep learning and com-
plex controllers can significantly improve the efficien-
cy and accuracy of industrial missions performed by
drones — this is important for complex sectors such
as energy and manufacturing [6; 7; 8]. It should be
noted that a number of scientific works consider the
monitoring of energy infrastructure — from photovol-
taic and wind power plants to thermal networks and
power lines. Aviation platforms with multi-sensor sets
allow for regular inspections of the technical condition
of energy system elements, which meets the priorities
of the digital transformation of the energy sector in the
EU and the USA and contributes to increasing its reli-
ability and resilience to man-made threats [9]. However,
a review of foreign research also indicates the existence
of significant technological and regulatory barriers.
Thus, the issues of flight autonomy in complex indus-
trial conditions, localization within facilities, processing
of large data sets in real time, and integration with
existing control systems stand out as the main technical
challenges that require standards for the widespread
implementation of UAVs in industrial sectors.

Foreign experience in the development of strategic
industries shows that unmanned aerial vehicle are con-
sidered an important element of technological transfor-
mation aimed at increasing the efficiency, safety and
sustainability of production systems [10]. In leading
countries of the world, UAVs are integrated into long-
term industrial development strategies as a component
of digital infrastructures that combine physical assets
with analytical and management platforms.

In general, it should be noted that the formation
of the drone economy is a complex and multi-level
process that encompasses not only the introduction
of unmanned aerial vehicles (UAVs) into production
and service processes, but also the creation of an ap-
propriate institutional, technological and regulatory
ecosystem. In leading countries of the world, drones
are already transforming the functioning of strate-
gic industries, in particular energy, the agricultural
sector, transport and logistics, the defense industry,
infrastructure and environmental monitoring.

The analysis of contemporary research indicates
that comprehensive approaches to the formation of the
drone economy are still in the early stages of develop-
ment. Existing studies are predominantly focused on
assessing the efficiency of unmanned aerial vehicles
(UAVs) within specific sectors. In particular, the liter-
ature demonstrates significant economic effects from
the application of UAVs in agriculture, logistics, and
infrastructure, as evidenced by analytical reports of
international organizations and consulting companies.
At the same time, there is a clear lack of integrated
methodological tools for assessing the overall level
of development of the drone economy. Most current
studies tend to concentrate on isolated dimensions of
UAV implementation — technological, economic, or
regulatory — which limits the ability to form a holistic
understanding of the drone economy as a systemic
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phenomenon. In contrast, the drone economy should
be considered as a multidimensional ecosystem char-
acterized by the interaction of technological solutions,
market mechanisms, institutional frameworks, and
sustainable development factors. This perspective is
consistent with the modern paradigm of digital trans-
formation, where value creation is driven by the inte-
gration of heterogeneous components into a unified
system.

Given the above, this study employs a methodologi-
cal approach aimed at developing a composite indicator
for assessing the level of development of the drone
economy. The proposed approach is based on the in-
tegration of multiple dimensions and is designed to:
— provide a comprehensive assessment of the drone

economy development level,

— enable cross-country and cross-sectoral compari-
sons;

— identify structural weaknesses and priority areas
for development;

— account for the contribution of drone technologies
to the achievement of sustainable development
goals.

2. Materials and Methods

This study develops a methodological framework for
assessing the formation and development of a drone
economy as an emerging component of modern eco-
nomic systems. The research is based on a combination
of theoretical, empirical, and quantitative methods
aimed at identifying key structural elements of the
drone economy and constructing an integrated as-
sessment tool.

The research adopts a systems approach, which
allows the drone economy to be considered as a com-
plex, multi-level ecosystem integrating technological,
economic, social, environmental, and infrastructural
components. This approach is complemented by the
principles of sustainable development, ensuring that
the proposed framework captures the interdependence
between economic efficiency, social responsibility, and
environmental sustainability. In addition, a compara-
tive analysis of existing economic concepts (including
digital economy, Industry 4.0, and green economy) is
applied to justify the positioning of the drone economy
as a distinct and integrative development paradigm.

To achieve the research objectives, the following
methods are employed:

— literature review and content analysis — to identi-
fy existing approaches to defining and measuring
technology-driven economic systems and to concep-
tualize the notion of a drone economy;

— system-structural analysis — to determine the key
components and internal relationships within the
drone economy ecosystem,;

— comparative analysis — to assess similarities and
differences between the drone economy and related
economic paradigms;

— statistical normalization methods — to ensure com-
parability of heterogeneous indicators;

— index method — to construct an integrated indi-
cator reflecting the overall level of drone economy
development;

— expert judgment — to determine weighting coeffi-
cients for individual indicators.

The proposed methodology is subject to certain
limitations, including data availability constraints,
potential subjectivity in assigning weights, and dif-
ferences in national statistical systems. However,
these limitations do not undermine the applicability
of the framework but indicate directions for further
refinement.

3. Results and Discussion

In contemporary academic discourse, the concept
of the “drone economy” does not yet have a universally
accepted definition, but it is actively emerging through
research on the unmanned aerial vehicle (UAV) mar-
ket and its impact on economic processes. Most inter-
national studies focus not on the term itself, but on
the economic effects of drone adoption across various
industries. Market reports emphasize that UAVs are
transforming traditional business models, creating
new economic segments and generating significant
economic benefits [11]. The commercial drone sector,
including logistics, agriculture, and infrastructure
monitoring, is rapidly expanding, forming new service
markets and digital solutions [12].

Several researchers [13] regard UAVs as a disrup-
tive technology capable of radically changing opera-
tional processes in multiple economic sectors. In par-
ticular, their role in enhancing efficiency, automating
processes, and creating competitive advantages for en-
terprises is highlighted. At the same time, a practical
dimension of the so-called “drone ecosystem” [14; 15;
16] is emerging, encompassing not only drone manufac-
turing but also software, data analytics, service provi-
sion, and flight management infrastructure. Analytical
reports also note that drones significantly increase
business process efficiency, reduce costs, and improve
data quality for managerial decision-making [17]. For
example, in agriculture, drones optimize resource us-
age and increase crop yields, while in infrastructure
sectors, they reduce maintenance and inspection costs.
Moreover, research highlights the creation of new labor
markets and professions associated with drone devel-
opment, maintenance, and data analytics [18].

From the authors’ perspective, the “drone economy”
can be defined as the set of economic relations, insti-
tutions, and activities arising from the development,
production, implementation, and utilization of UAVs,
as well as the processing and commercialization of
the data they generate, aimed at enhancing efficien-
cy, competitiveness, and sustainable development of
economic systems.

As a new direction in economic development, the
drone economy is characterized by a complex, multi-
level structure that integrates technological, produc-
tion, service, and institutional components into a sin-
gle system. Its formation occurs within the context of
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digitalization, Industry 4.0, and the increasing role of
data as a key economic resource. Unlike traditional
sectoral models, the drone economy exhibits a pro-
nounced ecosystemic nature, encompassing a wide
range of interconnected actors and processes. We pro-
pose an ecosystemic approach to the structure of the
drone economy, whose main components are:

— UAV manufacturing;

Service sector (Drone-as-a-Service, DaaS);

— Data analytics and processing;

Infrastructure;

R&D sector.

The first fundamental element is UAV manufac-
turing, which includes enterprises engaged in the de-
velopment and production of hardware: drones, sen-
sors, cameras, navigation systems, and flight control
software-hardware complexes. This segment defines
the technological level of the drone economy, as it is
the source of key innovations ensuring global market
competitiveness. Drone manufacturing is increasing-
ly integrated with other high-tech sectors, such as
microelectronics, artificial intelligence, and telecom-
munications.

The second critical component is the service sec-
tor, encompassing UAV-based services. Currently, this
segment demonstrates the fastest growth, develop-
ing new business models such as Drone-as-a-Service
(DaaS). Services include infrastructure inspection,
agricultural monitoring, aerial imaging, logistics op-
erations, search and rescue missions, among others.
Its development enhances the operational efficiency
of enterprises in strategic sectors, reducing costs and
minimizing risks.

The third structural element is the data analytics
and processing sector, which gains importance in the
context of the digital transformation of the economy.
Drones serve not only as operational tools but also as
sources of large datasets requiring processing, anal-
ysis, and interpretation. Artificial intelligence, ma-
chine learning, and geographic information systems
are extensively applied in this segment, transforming
collected data into valuable managerial decisions that
improve enterprise and sector performance.

Another essential component is infrastructure,
ensuring the functioning of the drone economy. It in-
cludes airspace management systems, charging and
service stations, telecommunications networks, and
regulatory frameworks governing UAV usage. Infra-
structure plays a key role in scaling drone technol-
ogies, as wide adoption is limited without adequate
regulatory and technical support.

A separate and significant component is the re-
search and development (R&D) sector, which ensures
the continuous advancement of technology, develop-
ment of new solutions, and adaptation of UAV systems
to the specific needs of different industries. Univer-
sities, research institutes, startups, and large tech
companies interact in this segment. The role of R&D
increases under global market competition, where in-
novation becomes the key to leadership.

Thus, the structure of the drone economy is a com-
plex integrated system that combines manufacturing,
services, analytics, infrastructure, and research, en-
abling the formation of new economic relations and
the transformation of traditional industrial sectors.
It is worth noting that the development of the drone
economy generates a wide spectrum of effects across
economic, social, and environmental dimensions. Their
integrated nature underlines the importance of drone
technologies as a tool for promoting sustainable de-
velopment.

The results of the study are aimed at substantiating
a comprehensive approach to assessing the develop-
ment of the drone economy as a multi-dimensional and
dynamically evolving system. Thus, traditional evalu-
ation methods do not fully capture the complexity and
cross-sectoral nature of drone technologies. In particu-
lar, the fragmented use of individual indicators limits
the ability to assess the systemic impact of unmanned
aerial vehicles on economic transformation processes.
In this context, there is a need to develop an inte-
grated analytical tool that would allow for a holistic
assessment of the drone economy, taking into account
its economic, technological, social, environmental, and
infrastructural dimensions. Such an approach ensures
the consideration of both direct and indirect effects of
drone technologies, as well as their role in shaping new
value chains and innovation ecosystems.

Given this, it is proposed to use an integral index of
drone economy development, which aggregates the key
components of its functioning and reflects the level of
UAV integration into strategic sectors of the economy,
taking into account the ecosystem approach.

It is proposed to calculate the integral indicator of
drone economy development based on the following
formula:

DEI = w1T+w2E+w3R+w4S+w5ESG (@8]

where all components are normalized in the interval
[0;1], which ensures their comparability:

DEI — integral index of drone economy develop-
ment;

T — technological component (level of UAV imple-
mentation, digitalization);

E — economic component (productivity, cost reduc-
tion);

R — regulatory component (normative and legal
support);

S — industry component (level of integration into
strategic industries);

ESG — indicator of sustainable development (envi-
ronmental, social and management effects);

w; — weighting factors.

In order to ensure correct aggregation of indicators,
a normalization procedure is used. For development-
stimulating indicators, the following formula is used:

X — Xi B Xmin (2)
norm X _X .
X min

ma.
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In turn, for development disincentive indicators, it
is advisable to use the following calculation formula:
X -X
Xnorm = X max_X L (3)
X min

ma:

This allows all indicators to be brought to a single
scale.

In turn, the technological component (7)) charac-
terizes the level of implementation of unmanned tech-
nologies and digitalization of production processes. Its
formation is based on an assessment of the intensity
of UAV use, the level of automation and integration of
modern digital technologies. The technological compo-
nent should be calculated using the formula:

1 n
T= ;Z;'Tj 4
=

where:
T — integral technological indicator;
T,— normalized partial indicators;
n — number of technological indicators.
The main technological indicators can be:
— number of UAVs per unit of manufacturing enter-
prises;
— level of process automation;
— share of AI/IoT use;
— investment in drone technologies.
The economic component (E) reflects the effective-
ness of the implementation of drone technologies in
terms of productivity, costs and financial results.

1 n
E = ;Z;EJ (5)
=

where:
E — economic indicator;
Ej — normalized economic indicators.
n —number of economic indicators.
The main technological indicators are:
— productivity growth;
— cost reduction;
— return on investment (ROI);
— revenue growth.
The regulatory component (R) reflects the level of insti-
tutional support for the development of the drone economy.

1 n
R-= ;Z;Rj (6)
=

where:

R — regulatory indicator;

R, —normalized indicators of the regulatory com-
ponent;

n — number of indicators of the regulatory com-
ponent.

The main regulatory indicators are:

— availability of a regulatory framework;

— development of UTM systems (a comprehensive
network security solution that combines the func-
tions of a firewall, antivirus, intrusion prevention
system (IPS), VPN, and web content filtering in
a single device or software);

— availability of certification;
— government support.

The industry component (S) characterizes the de-
gree of integration of UAVs into strategic industries.

1 m
S :Z;Si (7)

where:

S — the industry indicator;

S, —the level of UAV uses in the i-th industry;

m — the number of strategic industries.

In turn, the sustainable development component
(ESQG) reflects environmental, social and governance

effects.
EFE +F +FE
v soc 8o

ESG =—= . (8)
3

where:

ESG — an indicator of the sustainable development
component;

E,  — an integral indicator of the environmental
effect of UAV use, reflecting the level of reduction in
negative environmental impact. Such indicators in-
clude:

— reduction in emissions CO, (through process opti-
mization);

— reduction in resource use (fuel, water, fertilizers);

— efficiency of environmental monitoring;

— reduction in environmental risks (e.g. accidents).

E_,. —anintegral indicator of social impact, char-
acterizing the impact of UAV use on safety, employment
and quality of life. Social impact indicators include:

— increased occupational safety;

— reduced injuries;

— creation of new jobs;

— improved quality of life (through effective services).

E,  — an integral indicator of the quality of gov-
ernance of UAV implementation processes, reflecting
the level of institutional capacity and transparency.
Among the indicators:

— transparency of technology use;

— digital governance;

— level of regulatory coherence;

— availability of standards and controls.

Let us give a detailed description of the calculation
of integral indicators.

1. Environmental component:

k
1
Eenv = %ZEQHUJ (9)
j=1
where:
k —number of environmental indicators;
E, —normalized indicators.
J

2. Social component:

12
ESDC = ESOCJ- (10)
j=1
where:
p — number of social indicators;
E_ —normalized indicators.

soc .
J
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Table 1
Indicators of the environmental component E,_*
Designation Indicators Decoding
Eenv Emission reduction CO, Percentage of emission reductions due to the use of UAVs
1
o Resource saving Reduction in fuel, water, fertilizer use (%)
2
o Environmental monitoring Share of territories/objects monitored by UAVs (%)
3
Reduction of accident rate Reducing environmental incidents (%)
env4

*data sources: ESG reports, industry assessments
Source: compiled by the authors

Table 2
Indicators of the social component E__*
Designation Indicators Decoding
Esoc Occupational safety Injury reduction (%)
1
Workplaces Drone employment growth (%)

8002

e Access to technology Share of businesses using UAVs (%)
3

e Quality of service Quality improvement (logistics, inspections) (%)
4

*data sources: statistical data and expert assessments
Source: compiled by the authors

3. Governance component:

14
Egov = EZEgovf (11)
where: =
q — the number of management indicators;
E gov, — normalized indicators.

The identification of three key components — en-
vironmental, social, and governance — is grounded
in the widely recognized international ESG concept,
which serves as a standard framework for assessing
the sustainability of economic systems. This approach
is extensively applied by international organizations,
investors, and researchers to evaluate the impact of
business activities and technological innovations on
the environment, society, and governance structures.
The use of these three components allows for:

— ensuring a comprehensive coverage of the key di-
mensions of sustainable development;

— avoiding duplication of indicators;

— maintaining a balance between methodological de-
tail and practical applicability;

— ensuring comparability of results with interna-
tional studies and benchmarks.

Moreover, the integration of the ESG approach
into the methodology for assessing the drone econo-
my makes it possible to account not only for the eco-
nomic outcomes of UAV implementation, but also for
their long-term environmental and social implications.
This is fully consistent with contemporary principles
of sustainable development and responsible invest-
ment. Alongside the assessment of the overall level of
drone economy development, particular importance
is attached to the analysis of the effectiveness of UAV
utilization at the level of individual strategic sectors.
This is due to the fact that the impact of drone tech-
nologies is inherently heterogeneous and depends on
sector-specific characteristics, including the level of
technological maturity, investment capacity, and the

Table 3
Indicators of the governance component Egov' *
Designation Indicators Decoding
cov Transparency Availability of open data/reporting (0-1)
1
o0 Digital governance Level of use of data-driven solutions (%)
2
Egov Regulatory coherence Coherence of policies and standards
3
Egov Institutional capacity Level of governance development
4

*data sources: international indices and expert assessment
Source: compiled by the authors
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institutional environment. An analysis of international
experience demonstrates that the deployment of UAVs
in sectors such as energy, agriculture, logistics, and
infrastructure is associated with significant economic
and operational benefits. In particular, there is evi-
dence of increased productivity, reduced maintenance
costs, improved safety levels, and a decrease in envi-
ronmental impact. However, in most existing studies,
these effects are evaluated in isolation, without con-
sidering their cumulative and systemic impact.

In this regard, there is a clear need to develop
a generalized indicator that would enable the inte-
gration of the key outcomes of UAV implementation
within a specific sector and facilitate the assessment
of investment efficiency in drone technologies. Such
an indicator makes it possible to combine economic,
operational, and sustainability-related effects of UAV
usage and to evaluate them in relation to investment
costs, thereby providing a comprehensive assessment
of the effectiveness of drone technology implementa-
tion in strategic sectors.

E, =(AP. + AC; + AS, + AESG,) / I, (12)

where:

E, — the effectiveness of UAV uses in industry i;

AP, — productivity gain;

AC, — cost savings;

AS, —increasing security level;

AESG, — improving sustainable development in-
dicators;

I. —investments in the implementation of UAVs.

Productivity growth is defined as the relative
change in production volumes or work performed:

AP = Pa — Pb

where b

P, B, —productivity before and after the imple-
mentation of UAVs.

In turn, the cost reduction is calculated using the
formula:

(13)

(14)

where
C,, C, — costs before and after the implementa-
tion of innovations.
The safety improvement indicator is defined as a re-
duction in the number of incidents or injuries:

AS = 5.5, (15)
b
where
S,, S, — the level of hazardous incidents before

and after the implementation of innovations.

The change in the sustainable development effect
is determined as the difference in the integral ESG
indicator before and after the implementation of UAVs.

AESG, =ESG, -ESG, (16)

In turn, investments in the implementation of
UAVs include capital and operating costs:

I. = CapEx; + OpEx; a7

In order to ensure comparability of the components

of the efficiency indicator, a normalization procedure

is used. Since all components AP, AC;, AS;, AESG,

are stimulants (the larger the value, the higher the

effect), their normalization is carried out according
to the formula:

X -X .
Xnorm = : — (18)
Xmax - Xmin
where:
X, —actual value of the indicator;
X s X .y — Minimum and maximum values in
the sample.

After normalization, all indicators acquire values
in the range [0;1], which provides the possibility of
their aggregation.

The proposed indicator of the effectiveness of UAV
use is based on a combination of economic, technolog-
ical and sustainable development effects and allows:
— to assess the feasibility of introducing UAVs in

a specific industry;

— to compare the effectiveness of their use between
different sectors;

— to identify areas for increasing investment effi-
ciency;

— to take into account not only economic, but also en-
vironmental and social effects.

In order to integrate the assessment of the level of
development of the drone economy and the effective-
ness of the use of unmanned technologies in strategic
industries, we propose a general indicator of the ef-
fectiveness of the development of the drone economy,
which is defined as the product of the integral index
of the development of the drone economy and the in-
dicator of the effectiveness of the use of UAVs in the
relevant industry:

DDE, = DEI - E; (19)

where:

DDE; — efficiency of drone economy development
in the i industry;

DEI — integral index of drone economy develop-
ment;

E, —the effectiveness of UAV uses in the industry.

The proposed indicator allows us to take into ac-
count both the general level of development of the
drone economy and the effectiveness of the use of
unmanned technologies in specific industries. Such
integration provides a deeper understanding of the
mechanisms of the functioning of the drone econo-
my and allows us to identify imbalances between the
potential and its implementation. In particular, the
situation in which a high level of development of the
drone economy is accompanied by low efficiency of the
use of UAVs in industries indicates the presence of
structural or institutional constraints. At the same
time, high values of the indicator DDE; characterize
an effective combination of a favorable environment
and effective use of technologies.
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Thus, the proposed approach provides a more com-
prehensive understanding of the impact of drone tech-
nologies on the development of strategic industries
and meets the modern requirements of sustainable
and inclusive economic development. In general, we
note that the proposed approach provides a compre-
hensive assessment of the development of the drone
economy, covering technological, economic, regulato-
ry and environmental aspects of its functioning. Its
use allows us to form a holistic picture of the level of
integration of unmanned technologies into strategic
industries. In addition, the proposed toolkit creates
an analytical basis for making informed management
decisions at the state and industry levels. It also helps
identify key factors that constrain the development of
the drone economy and determine priority areas for its
stimulation. An important advantage of the approach
is the possibility of adapting it to the specifics of indi-
vidual countries and industries, taking into account
their economic and institutional characteristics. In the
context of sustainable development, it allows assess-
ing not only economic results, but also environmental
and social effects of the introduction of UAVs. Thus,
the proposed approach forms a methodological basis
for strategic management of the development of the
drone economy in the context of digital transformation.

3.1. Strategic and Policy Implications
of Drone Economy Development

The analysis of the integral indicators of the drone
economy (DEI) and the effectiveness of UAV use (DDE)
demonstrates that unmanned aerial technologies are
not only a tool for operational optimization but also
a strategic lever for national economic development.
The deployment of drones in strategic sectors — en-
ergy, agriculture, logistics, infrastructure, and de-
fense — creates systemic opportunities for enhancing
productivity, reducing costs, increasing safety, and
promoting sustainability. From a policy perspective,
these outcomes carry several important implications.

First, the drone economy has the potential to
strengthen economic resilience and competitiveness.
High DEI and DDE values indicate sectors where
UAV integration maximizes operational efficiency and
return on investment, suggesting priority areas for
targeted governmental support and incentives. Policy-
makers can use these indicators to identify structural
bottlenecks, prioritize investment, and develop sector-
specific roadmaps for drone adoption. In strategic in-
dustries such as energy and defense, timely adoption
of UAV technologies can improve national security,
ensure continuity of critical services, and reduce reli-
ance on outdated, labor-intensive processes.

Second, the development of a drone economy has
regulatory and institutional implications. Effective
UAV integration requires coherent legal frameworks,
safety standards, air traffic management, and certi-
fication systems. The DEI framework highlights the
importance of regulatory maturity as a core compo-
nent of drone ecosystem development. Countries that

proactively align drone policies with technological
innovation are better positioned to attract foreign
investment, foster public-private partnerships, and
accelerate industrial modernization. Moreover, the in-
tegration of ESG metrics into UAV evaluation ensures
that policy decisions consider long-term environmental
and social outcomes, promoting responsible technolog-
ical deployment.

Third, the drone economy supports sustainable de-
velopment and environmental policy objectives. UAV
deployment allows for precise monitoring of natural
resources, early detection of environmental hazards,
and optimization of resource use. This contributes to
reducing emissions, minimizing industrial accidents,
and improving ecological monitoring. Policymakers
can leverage these capabilities to meet climate goals,
enhance energy efficiency, and implement evidence-
based environmental regulations. At the same time,
the inclusion of social indicators, such as occupational
safety and job creation, ensures that drone policies
align with broader societal objectives, including work-
force development and social inclusion.

Finally, the drone economy has strategic geopo-
litical and security dimensions. Countries that es-
tablish advanced UAV ecosystems gain technological
sovereignty, enhance the competitiveness of domestic
industries, and reduce dependency on foreign technol-
ogies. Strategic sectors, particularly defense and crit-
ical infrastructure, benefit from improved situational
awareness, rapid data acquisition, and autonomous
operational capabilities. In this context, the DEI and
DDE indicators provide policymakers with a quanti-
tative foundation for evaluating the national readiness
for drone integration, allowing for informed decisions
on technology acquisition, international collaboration,
and defense modernization.

In summary, the development of the drone economy
extends beyond technological and economic gains to
encompass policy, regulatory, social, environmental,
and strategic dimensions. The proposed integrated
indicators provide a robust analytical tool for gov-
ernments, industry leaders, and investors to assess
sectoral readiness, prioritize strategic interventions,
and align UAV deployment with long-term national
objectives. By bridging operational effectiveness with
policy and strategic planning, the drone economy be-
comes a critical instrument for fostering sustainable,
resilient, and competitive industrial systems.

4. Conclusions

This study develops a comprehensive method-
ological framework for assessing the formation and
development of the drone economy as a multidimen-
sional, ecosystem-based phenomenon. The research
demonstrates that UAV technologies are not merely
technological tools, but integral components of modern
economic systems, capable of transforming strategic
industries such as energy, agriculture, logistics, infra-
structure, and defense.

Key contributions of this study are as follows:
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Holistic Conceptualization: The drone economy is
conceptualized as a multi-level ecosystem integrating
technological, economic, social, environmental, and
regulatory components. This approach emphasizes
the interdependence between efficiency, sustainability,
and governance, highlighting that UAV adoption must
be evaluated not only in terms of immediate economic
gains but also through its broader systemic impact.

Integrated Assessment Tool: A novel integral index
of drone economy development (DEI) is proposed, ag-
gregating technological, economic, regulatory, indus-
trial, and ESG-based sustainability indicators. This
composite indicator enables cross-sectoral and cross-
country comparisons, providing a unified framework
for assessing UAV integration and the overall devel-
opment of drone ecosystems.

Sectoral Efficiency Evaluation: Beyond the general
development index, an effectiveness indicator for UAV
deployment in individual strategic sectors is devel-
oped. This measure integrates economic, operational,
and sustainability effects relative to investment costs,
allowing stakeholders to identify the most productive
and impactful applications of drone technologies.

Integration of ESG Principles: Incorporating
environmental, social, and governance factors into

the evaluation ensures that drone economy devel-
opment aligns with the principles of sustainable
development and responsible investment. This en-
ables long-term evaluation of UAV impacts, such as
emission reductions, resource efficiency, improved
occupational safety, job creation, and enhanced gov-
ernance transparency.

Strategic Governance Insights: The combined use
of DEI and sector-specific effectiveness indicators
provides actionable insights for policymakers, in-
dustry leaders, and investors. The framework iden-
tifies structural or institutional constraints, guides
investment priorities, and supports the development
of regulations and digital infrastructures to facilitate
UAV adoption.

Overall, the proposed framework bridges the cur-
rent methodological gap in the assessment of drone
economies, offering a rigorous, multi-dimensional,
and practical tool for monitoring, benchmarking, and
guiding UAV-driven technological transformations.
Future research should focus on empirical validation
of the index across multiple countries, the incorpora-
tion of real-time data analytics, and the exploration
of dynamic feedback loops between UAV deployment,
industrial performance, and ecosystem sustainability.
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PO3BHUTOK JIPOHOBOI
EKOHOMIKH: METOJOJIOI'TYHA
OCHOBA

Anomauin. Bunuxnenns 0poH080L eKOHOMIKU € MPAHCHOPMAULTi-
HUM eJleMeHmMOoM CYUACHUX YUPPOBI308AHUX HAUIOHAILHUX eKOHOMIK,
inmezpyiouu 6esniniomui aimanvri anapamu (BILJIA) y empameziuni
2any3i, MAKL AK eHepzemuKa, azponpoMUCIO8UTL CEKMOop, J1o2icmu-
Ka, iInppacmpyxmypa ma obopora. ¥ docnidoceHHI 3aNPONOHOBAHO
KOMNJIEKCHY Memodosi02iuHy pAMKY OlA OUIHKU PO3BUMKY OpPOHO0801L
eKOHOMIKLL, UL0 OXONJIIOE MEXHOJI02IUHI, eKOHOMIYHI, PezyLAmOpPHL, 20.-
JLY3e81 ma acnexmu cmaJiozo po3sumky. Bukopucmano cucmemuuli
nioxid, noednyr4u 02140 imepamypu, CUCMEeMHO-CMPYKMYPHUL AHA-
J113, NOPIBHAJILHY OULHKY, CMAMUCMUYHY HOPMAL3AULI0 Ma eKchepm.-
HY OUIHKY 0na nobydosu iHmezpaibHo2z0 IHOEKCY PO3BUMKY OPOHO80L
exornomixu (DEI). Kpim mozo, 3anponono8aHo ceKmopHull NOKAIHUK
epexmusrocmi, w0 dozeonse oyinumu énaus enposadscerns BIIJIA
Ha npodyKkmusHicmb, CKOPOUCHHA sumpam, 6eanexky ma pesynivmamu
y cghepi exonoeii, coyianvrol sidnogidanvrocmi ma ynpasninusa (ESG).
3anponoro8aHl IHOUKamopu 3a6e3newyrms KOMNJCKCHY OUIHKY IHme-
epauii BIIJIA, spaxosyouu ax npami, max i Henpami epexmu, a markoxc
CMPYKMYPHL ma ITHemumyuyitini oomescenns. Pamrxa memodonoezii cnpu-
A€ NOPIBHAHHIO MINC KPAIHAMU MaA 2QLY3AMU Ma Hadae pexomerdayil
0na nonimukis, npedcmasHUKL8 NPOMUCIOB0CMI MA THBeCmopis w000
npiopumemHux Hanpamie po3sumry 0poHosol ekonomixu. Peaynomamu
NIOKPecIomb 8aHCIUBLCMY NOEOHAHHA MEXHOTI02IYH020 BNPOBADHCCHHA
3 npunyunamu ESG dnsa docsazrnenns cmanozo, epexkmusnozo ma co-
ulanvHo 8i0N08I0AIbH020 PO3BUMKY npomucosocmi. JJocnidxrcenrs
pobumd 8Hecok y nimepamypy, NPONOHYIOUU CUCMEMHUL ITHCMPYMEeHM
0na ouinKu 6azamosumiprozo énausy enposadscerna BILJIA ma cmeo-
proe ocrosy 0na nodanbuiux A0CaidxceHb Poil OPOHIE Y eKOHOMIYHOMY
PO3BUMKY Mma POPMYBAHHL CINAIUX NPOMUCTIOBUX KOCUCMEM.

Knrouoei cnrosa: dporosa exonomika, inmezpauis BIIJIA, cmpame-
2luni 2asy3i npomucaosocmi, cmanuii possumox, ESG-nidxid, yugposa
mparc@oOpMayis, MmexHoi02i4HI IHHO8AYILL.



