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THE INNOVATION ECOSYSTEM AS A TOOL
FOR SUPPORTING UKRAINE’S STRATEGIC INDUSTRIES

Purpose. To develop a model for the comprehensive assessment of the level of development of Ukraine’s innova-
tion ecosystem as a strategic tool for supporting key industrial sectors under martial law from 2024 to 2026, and to
identify the structural patterns of its functioning.

Methodology. The comparative analysis method was applied to compare the development indicators of five strate-
gic sectors: defence technologies, artificial intelligence, fintech, green technologies and digital infrastructure. Struc-
tural-functional analysis was used to examine the institutional architecture of the ecosystem, including regional hubs,
funding mechanisms and digital platforms. The weighted sub-index aggregation method was applied to construct the
Integrated Innovation Ecosystem Development Index (IIEDI). The indicators were normalised using the min-max
method within a range from the minimum acceptable level to the target benchmark value.

Findings. It has been established that Ukraine’s I1EI value in 2025 is 0.434, which corresponds to an average level
of ecosystem development given the existing foundational elements and structural constraints. The regional structure
of innovation hubs has been characterised, and the role of the Diia.Engine digital platform, international grant fund-
ing mechanisms and makerspaces in ensuring innovation resilience in conflict conditions has been revealed. Sys-
temic barriers have been identified: dependence on foreign aid, gaps in the digitalisation of small and medium sized
enterprises and limitations on international integration.

Originality. An original ITEDI model has been developed based on five weighted sub-indices of strategic sectors,
using min-max normalisation and expert determination of weighting coefficients. A four-level scale for interpreting
the IIEDI is proposed, which allows for the identification of the most lagging components of the ecosystem and the
monitoring of its development progress.

Practical value. The results can be used by government bodies and international partners to determine priorities for
supporting strategic sectors within the framework of the WINWIN strategy aimed at Ukraine achieving the status of
a regional innovation hub by 2030. The proposed model provides a framework for the comparative assessment of

progress and the targeted allocation of resources in the process of post-conflict economic transformation.
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Introduction. Ukraine’s innovation ecosystem under
conditions of full-scale war acquires strategic impor-
tance, extending far beyond purely technological issues
and transforming into a key factor of economic resil-
ience, industrial transformation, and European integra-
tion prospects. Despite the declared course towards
digital and innovation modernisation, the development
level of the domestic ecosystem remains significantly
lower than that of leading EU countries, and a consider-
able part of its potential remains unrealised due to struc-
tural unevenness in sectoral development and imperfect
state support mechanisms.

The key contradiction is the gap between the dynam-
ic growth of individual sectors — primarily defence tech-
nologies and ICT — and the systemic underdevelopment
of the ecosystem as a whole. The defence industry, de-
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spite impressive results, operates at only 50% of its pro-
duction capacity and remains critically dependent on
foreign aid. Most small and medium-sized enterprises
continue to operate outside digital transformation, re-
producing a structural duality between the technologi-
cally advanced IT sector and realsector manufacturing
that fails to keep pace with innovation changes.

Martial law conditions add further urgency. The mi-
gration of highly qualified personnel, destruction of re-
gional infrastructure, and reallocation of state resources
significantly complicate the formation of stable cooper-
ative links between ecosystem participants. At the same
time, new systemic challenges emerge — protection of
intellectual property rights, technology transfer restric-
tions, and bottlenecks in international supply chains —
which the current regulatory environment cannot ade-
quately address.

Insufficient digitalisation of small and mediumsized
enterprises (SMEs), gaps in the legislative framework
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for publicprivate partnerships in the innovation sphere,
and the absence of a unified quantitative toolkit for as-
sessing ecosystem development levels indicate that
Ukraine has not yet formed a coherent, measurable
strategy for building a competitive innovation ecosystem
in line with EU standards.

Therefore, under conditions of ongoing European
integration and the wartime economic crisis, a compre-
hensive study of Ukraine’s innovation ecosystem as a
strategic tool for supporting industry, an analysis of its
structural gaps, and the development of an analytical
toolkit for quantitative assessment of its development
level across key strategic sectors are urgently needed.

Literature review. The theoretical and applied as-
pects of the formation and development of innovation
ecosystems as a tool for supporting industrial develop-
ment are the subject of a wide range of scientific studies,
reflecting both the relevance of the issue and the dy-
namics of change in the innovation environment under
martial law.

The conceptual foundations of building innovation
ecosystems are investigated by N. Zayed [1], who char-
acterises the key elements of the entrepreneurial ecosys-
tem under globalisation and technological progress,
concluding that innovation strategies play a critical role
in ensuring competitiveness; however, no mechanisms
for quantitative assessment of ecosystem development
levels are proposed. The strategic dimension of innova-
tive enterprise development in the context of sustain-
ability is revealed by V. Hmyria, et al. [2], who substanti-
ate the link between innovation potential and the prin-
ciples of the green economy and resource efficiency,
identifying key strategies for innovation-sustainable de-
velopment according to enterprise behaviour types.

A conceptual model of an innovation ecosystem for
defence enterprises is developed by K. Kyzymenko and
M. Kravchenko [3], who analyse approaches to inter-
preting ecosystems, determine the mechanism for en-
gaging startups and universities, and substantiate the
advantages of the ecosystem approach compared to the
traditional systemic view of innovation production —
which directly relates to the defence technology sector
of this study. An algorithm for forming a regional sup-
port system for innovative entrepreneurship is proposed
by I. Kaleniuk and N. Kuznetsova [4], who identify stra-
tegic, operational, and systemic imperatives for its func-
tioning, while the issue of quantitative assessment of
such support effectiveness remains unexplored.

The ecosystem of the gig economy and the entrepre-
neurial university is studied by N. Kraus, et al. [5], who
propose an original vision of the structural components
of a digital ecosystem and substantiate the conditions for
its competitiveness, including legislative harmonisation,
targeted innovation financing, and digital interoperabil-
ity of economic entities. The development of the nation-
al innovation ecosystem in the context of interaction
between science and business entities is investigated by
S. Perminova and M. Chuprina [6], who substantiate
the success criteria of an ecosystem and identify the lev-
el of involvement of research organisations in network
forms of interaction — technological platforms and in-
novation clusters.

Strategic management of innovation development at
the sectoral level is revealed in studies by I. Kalina, et al.

[7], O. Cherep, et al. [8], and J. Trivedi, et al. [9], who
develop appropriate algorithms for forming innovation
development strategies taking into account external and
internal environmental factors, monitoring, and fore-
casting of results. The mechanism for managing enter-
prise innovation activity strategy is improved by
O. Cherep, et al. [8], who propose an original typology
of innovation strategies and identify tools for increasing
their effectiveness under conditions of industrial devel-
opment recovery.

The theoretical foundation of intellectualstrategic
management of innovativeness of business entities is
formed by D. Verkush [10], who substantiates the con-
cept of a dynamic system that ensures timely identifica-
tion of the innovation mission and the formation of sus-
tainable competitive advantages under conditions of
uncertainty. A classification of ecosystem business strat-
egies and criteria for their selection is developed by
M. Guliyeyv, et al. [11], who identify ecosystem orches-
trator and participant strategies and reveal value cre-
ation mechanisms in digital ecosystems.

The environmental dimension of strategic enterprise
development in the context of the European Green Deal
is studied by V. Stasiuk and L. Artemenko [12], who
substantiate a model for integrating environmental
management into corporate strategy — which is relevant
for the green technology sector of the ecosystem under
study. The integration of the ecosystem approach into
the strategic management of international companies is
revealed by M. Mia, et al. [13], who identify key ele-
ments of participation in business ecosystems and con-
ditions for effective implementation of the approach
through the development of a cooperation culture and
flexible management mechanisms.

The formation of a company ecosystem as a basis for
increasing business resilience is considered by K. Bhui-
yan, et al. [14], who characterise parameters for assess-
ing ecosystem functioning — productivity, resilience,
and innovativeness — and identify four principles of
their organisation. The role of ecosystems in value gen-
eration in entrepreneurship is studied by M. Li and
Y. Liu [15], who emphasise the impact of digital tech-
nologies and participant complementarity as key factors
for effective ecosystem functioning.

The concept of an ecosystem for stimulating the de-
velopment of entrepreneurial structures based on a
polystructural mindset is developed by M. Kupyra [16],
who proposes a consolidated system of heterogeneous
elements that turns problems into opportunities and
generates value. The interrelationship between the eco-
system and the circular economy is studied by M. Na-
hara [17], who substantiates the ecosystem as an optimal
tool for innovation-driven economic growth based on
circularity principles and reveals the features of ecosys-
tem actors and pacemakers.

Ecoindustrial parks as a tool for regional investment
development are analysed by S. Salman [18], who iden-
tifies obstacles to their implementation and competitive-
ness incentives — providing important context for un-
derstanding the infrastructural dimension of the inno-
vation ecosystem. The closest to the topic of this study is
the work by M. Kyrilenko, et al. [19], which develops a
toolkit for assessing the impact of ecosystem changes on
the state of economic systems using a dynamic INSERD
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model; however, the authors do not propose an integral
index for quantitative assessment of the innovation eco-
system development level across strategic sectors.

Thus, the review of scientific sources confirms active
research interest in the issues of innovation ecosystems
in their strategic, sectoral, and digital dimensions. At
the same time, the literature lacks comprehensive quan-
titative models for assessing the development level of a
national innovation ecosystem across strategic industri-
al sectors under martial law, which determines the rele-
vance and scientific novelty of the presented study.

The purpose of the article is to investigate Ukraine’s
innovation ecosystem as a strategic tool for supporting
key industrial sectors under martial law, and to develop
a toolkit for quantitative assessment of its development
level based on an integral index.

The tasks are to characterise the structure and func-
tional elements of Ukraine’s innovation ecosystem
across five strategic sectors; to analyse the regional or-
ganisation of innovation hubs and their specialisation
according to national priorities; to investigate the mech-
anisms of financial and digital support for the ecosys-
tem, including international grant funding and the Diia.
Engine platform; to construct an Integral Index of In-
novation Ecosystem Development (IIIED) based on
weighted sub-indices of strategic sectors; to identify sys-
temic barriers to ecosystem development and priority
directions for overcoming them in order to achieve the
goals of the WINWIN strategy regarding the status of a
regional innovation hub by 2030.

Methods. The research is based on a combination of
quantitative and qualitative methods for analysing inno-
vation processes. Sectoral analysis is applied to assess the
performance of five strategic directions of the ecosystem
using measurable indicators of financing, employment,
and international expansion. A spatial approach is used
to study the regional differentiation of innovation hubs
and their specialisation. Quantitative measurement of
the ecosystem development level is ensured by the meth-
odology of weighted aggregation of normalised sub-indi-
ces into the integral IIIED indicator on a scale from the
minimally acceptable level to the EU target benchmark.
Institutional analysis reveals the mechanisms of pub-
licprivate partnerships, international grant financing,
and digital support through the Diia.Engine platform.
The abstractlogical method is applied to identify cause-
and-effect relationships between wartime conditions and
structural constraints on ecosystem development.

Results. The innovation ecosystem is a dynamic net-
work of interconnected entities — including startups,

corporations, universities, investors, government bod-
ies, and entrepreneurs — that collaborate through co-
evolution, knowledge transfer, and value creation to fos-
ter the development and scaling of innovative solutions.
These ecosystems function as strategic tools for support-
ing industrial development, integrating key elements
such as support policies, financing mechanisms, infra-
structure, markets, and cultural norms that enable local
entrepreneurs to access funding, expertise, and net-
works. For transition economies facing limited resourc-
es and market challenges, innovation ecosystems serve
as catalysts for technology adoption, improved competi-
tive positioning, and sustainable economic growth
through shared innovation and transformative impact.

Ukraine’s strategic industrial sectors have been un-
dergoing an unprecedented transformation during
2024—-2026, with five key areas ensuring economic resil-
ience: defence technologies, artificial intelligence, fin-
tech, green technologies, and digital infrastructure. De-
fence technologies have become a cornerstone sector,
leading innovation under wartime conditions with over
1 million drones delivered, more than 500 enterprises,
and a 50 % increase in weapons production, while in-
vestments surged to USD 129 million in 2025 — a 20-fold
increase in just two years. Artificial intelligence innova-
tions, supported by platforms such as Bravel with over
200 projects, enable autonomous networks and ad-
vanced navigation systems, while the fintech, greentech,
and digital infrastructure sectors provide fundamental
support through hybrid ecosystems and EU integration
programmes. This multisectoral approach enables
Ukraine to develop an exportoriented “Defence Valley”
that attracts EU funding and consolidates the country’s
status as an indispensable participant in global technol-
ogy supply chains [20]. A summary of key strategic sec-
tors and their quantitative results is presented below
(Table 1; the structuralfunctional diagram of the eco-
system is shown in Fig. 1).

The presented results are a consequence of a system-
atic approach to ecosystem development. Innovation
ecosystems are of particular importance for Ukraine’s
economic resilience and industrial transformation due
to the unique context of war and postconflict recon-
struction needs. Despite the ongoing conflict, Ukraine’s
innovation ecosystem has demonstrated extraordinary
adaptability, ranking 42"¢ in the world in the Startup
Ecosystem Index 2025 with a growth rate of 26.2 % and
attracting USD 498 million in venture and grant funding
in 2025. The ecosystem’s resilience is evidenced by the
stabilisation of ICT turnover at USD 7.56 billion in

Table 1

Key innovation sectors of Ukraine and their results (2024—2026)

Strategic sector Key development areas Achievements 2024—2026 Economic impact

Defence Missile production, Al drones, Over 500 enterprises, 50 % USD 129 million investments (2025)
technologies | electronic warfare production growth

Atrtificial Autonomous networks, GNSS 243 startups, over 5,200 Bravel platform with over 200
Intelligence navigation specialists projects

Fintech Digital payments, financial services | EU integration programmes Part of ICT turnover USD 7.56 billion
Green Sustainable technologies, clean energy | Hybrid ecosystem development | EU defence industry programme
technologies

Digital Telecommunications, logistics, NATO interoperability Over 45 % of companies operate on
infrastructure | communications orientation international markets
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Fig. 1. Structuralfunctional diagram of Ukraine’s industrial support innovation ecosystem under martial law

2025, with over 2,300 companies employing
340,000 professionals, and 18 % of the country’s more
than 2,600 startups having been launched after the war
began. This wartime innovation potential, combined
with strategic positioning as 2" in Central and Eastern
Europe and ambitious goals such as the WINWIN strat-
egy for regional hub status by 2030, demonstrates how
robust innovation ecosystems can drive economic com-
petitiveness, digital sovereignty, and sustainable recov-
ery even under extreme circumstances [21].

The quantitative indicators summarised in Table 1
reflect only part of the overall picture. The strategic im-
portance of Ukraine’s innovation ecosystem extends be-
yond immediate economic benefits to encompass long-
term industrial transformation and regional competi-
tiveness. Through initiatives such as Al sandboxes, large
language models for governance, and regulatory acts
aligned with EU requirements, Ukraine positions itself
as a technology hub capable of fostering digital sover-
eignty and climate resilience. The ecosystem’s ability to
attract over USD 78 million in grants in 2024—2025
from programmes such as Seeds of Bravery and EU ini-
tiatives, while maintaining the international operations
of 45 % of IT companies, demonstrates its potential to
serve as a bridge between Eastern European innovation
and global markets, ultimately contributing both to im-
mediate wartime needs and sustainable postconflict re-
construction [22].

The spatial organisation of the ecosystem is no less
important than its sectoral structure. Ukraine’s innova-
tion ecosystem is based on robust startup hubs strategi-
cally distributed across key cities, each specialising in
specific technology areas that correspond to national

strategic priorities. Kyiv serves as the main centre for Al
and fintech innovation, employing between 85,000 and
151,000 specialists, accounting for 44 % of the country’s
technical workforce, while Lviv has become a powerful
centre for Al and cybersecurity due to its IT cluster unit-
ing 599 companies and 51,000—62,000 experts. Dnipro
focuses on DevOps and R&D activities, leveraging cost
advantages at onethird of Western European rates, while
Odesa positions itself as a centre for maritime technolo-
gies and green technology innovations with over 150 IT
companies. In 2025, these hubs together attracted USD
498 million in venture funding and grants, demonstrat-
ing their ability to drive innovation despite wartime
challenges [23]. A detailed distribution of regional hubs
and their specialisations is presented below (Table 2; a
visual representation of specialist distribution across
hubs is shown in Fig. 2).

Alongside the geographical distribution of hubs re-
corded in Table 2, a significant component of the eco-
system is its material and technical base. The physical
infrastructure of Ukraine’s innovation ecosystem is sig-
nificantly enhanced by makerspaces equipped with
opensource digital manufacturing tools, including 3D
printers, laser cutters, and CNC milling machines,
which serve as key nodes for decentralised reconstruc-
tion solutions. Examples of such facilities include the
GIZ initiative to create five makerspaces and deploy five
mobile “Tolokars” — portable workshops equipped with
opensource hardware, enabling onsite production in
waraffected cities such as Kharkiv and Mykolaiv. Mak-
erspaces have facilitated 146 events for various user
groups, including children, students, internally dis-
placed persons, and veterans, demonstrating their role

Table 2

Regional structure of Ukraine’s innovation ecosystem

Hub city Specialisation Number of specialists Key advantages

Kyiv Al, fintech 85,000—151,000 specialists |44 % of national technical personnel, product companies
Lviv Al, cybersecurity 51,000—62,000 specialists | 599 companies, IT cluster, events (IT Arena)

Dnipro | DevOps, R&D N/A Low cost (1/3 of Western Europe), corporate applications
Odesa Maritime tech, greentech | 150 + IT companies Al solutions, Google and EU programmes
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Fig. 2. Employment in strategic sectors of Ukraine’s innovation ecosystem, 2022—2025 (thousand persons)

in turning challenges into opportunities — for example,
converting basements into bomb shelters through inno-
vative design and fabrication.

The makerspaces described above are only one com-
ponent of a broader technology base. Digital manufac-
turing tools in Ukraine’s innovation ecosystem are rap-
idly evolving, as evidenced by startups demonstrating
advanced technologies at international events such as
CES 2026, including the 3D UTU construction 3D
printer and various additive manufacturing solutions.
These tools are integrated with universities and research
centres, creating a robust engineering culture that en-
ables rapid transition from prototypes to marketready
products in sectors such as robotics, Al/IoT, and medi-
cal technologies. The ecosystem benefits from close
public-private collaboration, supported by new legisla-
tion such as Draft Law No. 13715, which strengthens
linkages between the state, business, science, and edu-
cation, while EU and EIC grants totalling EUR 20 mil-
lion support 40 deep-tech SMEs in Al, robotics, bio-
technology, and cybersecurity, providing individual
grants of up to EUR 500,000 each.

The networking opportunities provided by these
physical infrastructure elements create vital links be-
tween makers and the public and private sectors, sup-
porting broader reconstruction and innovation goals.
Through initiatives such as UN4UkrainianCities and
democratic models inspired by Danish experience,
makerspaces serve as catalysts for urban transformation,
enabling pilot innovations such as the “Science Quar-
ter” in Kharkiv and promoting municipal decentralisa-
tion and citizen participation. This infrastructure sup-
ports design competitions for modular upgrades and
scalable revival solutions, demonstrating how physical
innovation spaces can bridge grassroots innovation with
institutional support, ultimately contributing to
Ukraine’s economic resilience and technological sover-
eignty during the critical transformation period of
2024—-2026.

The physical infrastructure solutions described
above are organically complemented by digital mecha-
nisms of state support. The Diia.Engine platform is a

cornerstone of Ukraine’s digital infrastructure. It is an
opensource, lowcode platform that enables government
bodies to rapidly create, implement, and scale digital
public services using modular components. By 2025, the
platform supported over 140 services for 22 million users
and hosted 54 registries across 25 state institutions, re-
ceiving international recognition, including 2”7 place at
the GIMI Awards 2025 and selection by the European
Commission for GovIech innovation. Key enhance-
ments include the Register of Digital Renewable Energy
Objects for automated tracking of solar, wind, and bio-
mass objects to meet European energy standards, as well
as a national electronic system for distributing medical
internships, demonstrating how digital platforms can
accelerate service delivery while reducing vendor lockin
and ensuring costeffective operations [24].

The Diia.Engine digital platform provides the tech-
nological foundation, while financial support comes
through an extensive system of international mecha-
nisms. International grant funding has become a crucial
financial support mechanism: in 2024, Ukrainian start-
ups received significant support totalling over USD 50
million through various programmes, including
Google’s USD 10 million Ukraine Support Fund, the
Ukrainian Startup Fund’s USD 350,000 allocation, and
EU grants ranging from EUR 300,000 to 500,000 for
deep-tech startups through the European Innovation
Council. These funding mechanisms have enabled stra-
tegic companies across various sectors to develop their
innovations, notably defence and communication tech-
nologies that support Ukraine’s strategic industrial pri-
orities. The diversity of funding sources — from private
technology giants to government programmes and in-
ternational organisations — demonstrates the ecosys-
tem’s ability to attract multifaceted support for critical
technological development [25]. A list of key companies
that have benefited from these mechanisms and their
funding is provided in Table 3; the dynamics of attracted
investments by year are presented in Fig. 3.

Among the companies presented in Table 3, the ex-
perience of Carbominer deserves special attention — it
clearly illustrates how targeted financing transforms into
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Table 3

Key innovative companies of Ukraine and their funding

Company Sector Technology specialisation Funding/support
Osavul Al/defence Disinformation detection | International grant programmes
Buntar Aerospace | Defence technologies | Drone technologies Strategic startup funding
Himera Defence technologies | Tactical communications | Grant programmes
Carbominer Green technologies | Direct Air Capture, DAC | USD 900k: USD 500k initial + USD 400k SMRK VC
S.Lab Green technologies Sustainable packaging Alignment with sector strategic priorities
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Fig. 3. Dynamics of startup funding in Ukraine’s innovation ecosystem, 2021—2025

concrete technological results. Carbominer is an exam-
ple of how financial support mechanisms accelerate in-
novation in strategic industrial sectors: it has raised ap-
proximately USD 900,000 in funding, including USD
500,000 in seed capital, USD 400,000 from the Ukrai-
nian venture fund SMRK, and various grants such as
“Climate Innovation Vouchers” and support under the
EIC Accelerator programme. The company’s modular
Direct Air Capture technology, which uses a hybrid dry-
wet approach with ionexchange sorbents and electro-
chemistrybased regeneration, has successfully complet-
ed pilot projects, including a twoweek proof of concept
with a major Ukrainian building materials company,
achieving CO: purity of 99.5 %. This success demon-
strates how targeted funding enables Ukrainian startups
to develop advanced technologies that address both lo-
cal reconstruction needs [25, 26] and global climate
challenges, with Carbominer’s systems capable of in-
creasing greenhouse crop yields by 20—30 % while con-
tributing to carbon removal goals [27, 28].

These combined digital and financial support mech-
anisms collectively accelerate innovation in Ukraine’s
strategic industrial sectors, providing both the techno-
logical infrastructure and capital needed for rapid scal-
ing and market entry. Diia.Engine’s opensource ap-
proach democratises service creation and reduces devel-
opment costs, while international grant funding allows
startups to focus on R&D rather than survival, fostering
breakthrough innovations in defence technologies, Al,
and green technologies. The combination of state digital
platforms, venture capital, and international grants cre-
ates a comprehensive support ecosystem that not only
sustains innovation under wartime conditions but also
positions Ukrainian companies for growth and global
competitiveness in the postconflict period, as evidenced
by successful pilot projects and expansion into interna-
tional markets across multiple sectors.

188

The strengthening of internal infrastructure and the
development of financial mechanisms have paved the
way for largescale international expansion. Ukraine’s
innovation ecosystem has achieved significant interna-
tional integration: 45 % of IT companies successfully
operate on global markets, including the EU and the
USA. In 2024, Ukrainian I'T companies generated USD
6.45 billion in total exports, of which 37.2 % (USD 2.39
billion) went to the US market alone, while 24 % of
startups identified the US as their primary target market,
compared to only 13 % for Poland. This has been facili-
tated by strategic mergers and acquisitions, new office
openings, and partnerships, exemplified by Sigma Soft-
ware Group’s acquisition of the USbased A Society
Group and its subsidiaries in 21 countries, as well as In-
tellias’s acquisition of C2 Solutions to strengthen its US
presence. The ecosystem’s resilience is evidenced by
exports to 147 countries and revenue projections of USD
10 billion for 2025, despite a slight 4 % decline due to
the war [29]. Summary indicators of global integration
are presented below (Table 4).

The pursuit of international presence is supported
not only by companies’ own efforts but also by systemic
support from international institutions. International
organisations, particularly GIZ (German Development
Agency), have played a crucial role in fostering the de-
velopment of Ukraine’s innovation ecosystem through
comprehensive support programmes. GIZ implements
the international cooperation programme “ReAC-
T4UA”, which supports 16 clusters in Ukraine through
capacity building for cluster management, business
matchmaking, and targeted grants. The organisation’s
“Effective Governance through GovIlech and Transpar-
ency in Ukraine” project brings together makers, civil
society representatives, public administration, and the
private sector to develop innovative digital solutions for
reconstruction. Furthermore, GIZ has strengthened the
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Table 4

Global integration of Ukraine’s innovation ecosystem

Integration indicator Results 2024

Key achievements

Strategic impact

IT services export USD 6.45 billion total

37.2 % to USA, USD 2.39 billion

Diversification of global markets

International activity | 45 % of companies

Coverage of 147 countries

Reduced dependence on
individual markets

Strategic acquisitions | Numerous M&A deals

Expansion of Sigma Software, Intellias | Strengthened global presence

Cluster support 16 clusters, under GIZ

ReACT4UA programme

Ecosystem strengthening

Maker partnerships

7 international partnerships | GIZsupported networking

Accelerated knowledge transfer

Ukrainian maker community through networking
events, newsletters, podcasts, and facilitated the cre-
ation of seven partnerships between Ukrainian and in-
ternational makers to test new reconstruction solutions,
creating an enabling environment for the global scaling
of local innovations [30].

The data in Table 4 demonstrate impressive success
in entering global markets; however, objective analysis
requires consideration of systemic constraints. Despite
significant achievements, Ukraine’s innovation ecosys-
tem faces serious challenges affecting its longterm sus-
tainability and growth potential. The defence industry,
although achieving an impressive production volume of
USD 9 billion (three times the 2023 figure), operates at
only 50 % capacity in armoured vehicle production and
remains largely dependent on foreign aid amid ongoing
war disruptions. International integration barriers in-
clude supply chain bottlenecks, intellectual property
rights protection, technology transfer restrictions, and
geopolitical uncertainty, which complicate sustainable
partnerships. Furthermore, the broader technology
ecosystem faces the need to simplify regulatory require-
ments, gaps in SME digitalisation, and warinduced ob-
stacles to EUaligned reconstruction [31], while innova-
tion support requires transparent policies and sustain-
able international cooperation to achieve EuroAtlantic
integration goals by 2030 [32, 33].

The effectiveness of innovation ecosystem instru-
ments as means of supporting Ukraine’s strategic in-
dustrial sectors in 2024—2026 has been demonstrated
through measurable results in defence technologies,
artificial intelligence, fintech, green technologies, and
digital infrastructure. The ecosystem has successfully
attracted over USD 1.5 billion in foreign investment,
supported the operations of over 500 defence manu-
facturers employing 300,000 people, and facilitated
the international expansion of nearly half of all IT
companies, maintaining revenue growth projections
despite wartime conditions. The combination of digi-
tal platforms such as Diia.Engine, international fi-
nancing mechanisms, physical infrastructure through
makerspaces, and strategic partnerships with organ-
isations such as GIZ has created a resilient foundation
that not only supports immediate wartime needs but
also positions Ukraine for postconflict economic
transformation and global competitiveness. This mul-
tifaceted approach proves that welldesigned innova-
tion ecosystems can serve as effective strategic tools for
industrial development even under extreme circum-
stances [33].

Model for assessing the Integral Index of Innovation
Ecosystem Development of Ukraine (IIIED). To quanti-
tatively assess the development level of Ukraine’s indus-

trial support innovation ecosystem, a model of the Inte-
gral Index of Innovation Ecosystem Development
(IIIED) is proposed. The model ensures the aggregation
of heterogeneous indicators from five strategic sectors
into a single synthetic assessment on a scale of [0; 1],
where 0 corresponds to the minimum and 1 to the max-
imum possible development level.

The Integral Index is calculated as the weighted sum
of strategic sector sub-indices

n
1IPI :ZWASIA, i=12,...,n,

i
i=l

where the sub-index of the i” sector is determined as

S, :Zocj X, J=12,....m.
=

Normalisation of each indicator is performed using
the min-max method

X —X_. .

y -
xmax,j X

min, j

where III1ED is Integral Index of Innovation Ecosystem
Development, ITIED e [0; 1]; # is the number of strate-
gic sectors (n = 5); w; is weight of the i” sector (strategic
significance), Zw,- =1; S, is a sub-index of the i strate-
gic sector, S; € [0; 1]; m is the number of indicators in
the sector (m = 3 for each); oy is weight of the j " indica-
tor within the sector, Zocj =1; x;is actual value of the j h
indicator for the i sector; X, is normalised value of the
indicator, x; €[0; 1]; Xpp; is the minimum (baseline)
value of the j* indicator; Xmax,; 1S the maximum (bench-
mark) value of the j” indicator.

Calculation algorithm.

Step 1. For each indicator x;, normalisation is per-
formed using the min-max formula. The value X, ;
corresponds to the minimum acceptable level of the in-
dicator, and x,,,,, ; corresponds to the target (benchmark)
value.

Step 2. The normalised values )Eij are weighted by
coeflicients o,; and summed into the sector sub-index S;.
The weights oy, reflect the relative importance of the in-
dicator within the sector.

Step 3. The sub-indices S; are weighted by strategic
weights w; and summed into the integral index ITTED.
The weights w; are set by experts according to ecosystem
development priorities.

Step 4. The obtained ITIIED value is interpreted ac-
cording to the development level scale (Tables 5—7).

Table 6 presents the results of the calculation of sub-
indices and the IIIED for Ukraine.

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2026, N2 4 189



Table 5

Input indicators and normalisation parameters for calculating Ukraine’s ITIED (2025)

Sector/Indicator Indicator name X; Xpmin Xmax X, oy

Defence-tech (w;=0.30) x S;=0.472x Funding volume, USD million 129 0 300 | 0.430 | 0.40
Number of enterprises 500 0 1,000 | 0.500 | 0.35
Production growth, % 50 0 100 | 0.500 | 0.25

Artificial Intelligence (w;=0.20) x §;=0.409x | Number of startups 243 0 500 | 0.486 | 0.35
Number of specialists, thousand 5.2 0 15 0.347 | 0.40
Projects on platform 200 0 500 | 0.400 | 0.25

Fintech (w;=0.15) x S;=0.464x ICT turnover, USD billion 7.56 0 15 0.504 | 0.45
Share of international companies, % 45 0 100 | 0.450 | 0.35
EU integration programmes 8 0 20 0.400 | 0.20

Greentech (w; = 0.15) x S;=0.305x Startup funding, USD M 25 0 100 | 0.250 | 0.40
DAC projects, pilots 3 0 10 0.300 | 0.35
EU grants, €M 20 0 50 0.400 | 0.25

Digital Infrastructure (w; = 0.20) x S; = 0.476x | Diia, Engine services 140 0 300 | 0.467 | 0.40
Users, million 22 0 50 0.440 | 0.35
State registries on platform 54 0 100 | 0.540 | 0.25

Table 6
Results of calculating sub-indices and IITIED for Ukraine for 2025
Strategic sector Sub-index S; Weight w; Contribution w; -S; Share, %

Defence-tech 0.472 0.30 0.1416 32.6

Artificial Intelligence 0.409 0.20 0.0818 18.8

Fintech 0.464 0.15 0.0696 16.1

Greentech 0.305 0.15 0.0458 10.5

Digital Infrastructure 0.476 0.20 0.0951 21.9

IITED = Y (w; x S) 0.4339 100.0

Table 7
Scale of innovation ecosystem development levels by IITED value
IHIED range | Level Characteristics
<0.40 Low Critical deficit of funding, personnel, institutional support. Systemic reforms needed
0.40—0.60 |Medium |Basic elements are formed. Need to strengthen crosssectoral interaction and international partnership
0.60—0.75 | Sufficient | Ecosystem functions stably. Potential for scaling key sectors exists
>0.75 High Maturity and competitiveness. Positioning as a regional innovation hub is realistic

The ITITED interpretation scale is presented in Table 7.

According to the calculation results, Ukraine’s
[IIED value in 2025 is 0.434, which corresponds to a
medium level of innovation ecosystem development.
This indicates that the basic elements of the ecosystem
are formed; however, full realisation of its potential re-
quires further increases in funding, personnel provision,
and deepening of international integration in line with
the WINWIN-2030 strategy.

Thus, Ukraine’s innovation ecosystem demonstrates
the ability to generate strategic innovations even under
the extreme conditions of wartime; however, the realisa-
tion of its full potential requires systematic overcoming
of structural barriers, targeted increases in funding, and
deepening of international integration in accordance
with the priorities of Ukraine’s EuroAtlantic course.

Conclusions. The study has confirmed that Ukraine’s
innovation ecosystem is at a medium level of develop-
ment — the calculated Integral Index of Innovation
Ecosystem Development (IITED) is 0.434, which cor-
responds to the phase of active formation of basic ele-

ments in the presence of significant structural con-
straints. The ecosystem has overcome the initial stage of
fragmentary innovation activity but has not yet reached
a developed level characterised by full-fledged crosssec-
toral coordination, financial self-sufficiency, and wide-
spread SME digitalisation.

The model’s sub-indices revealed uneven progress
across individual components. The highest values were
recorded in the defence technology and ICT sectors,
which concentrate the main investment flow and the
greatest concentration of technological competencies.
In contrast, the sub-indices for green technologies and
digital infrastructure remain lower, which is directly re-
lated to insufficient SME coverage by digital transfor-
mation and gaps in the relevant legislative framework.
The interdependence of these components is mutually
reinforcing: weakness in one sector constrains the syn-
ergistic effect of development in others, while the ab-
sence of coordination mechanisms between ecosystem
participants reduces the overall effectiveness of state
support.
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Martial law has proven to be a factor that simultane-
ously stimulates individual sectors and complicates sys-
temic ecosystem development. The defence technology
sector has demonstrated unprecedented growth, where-
as personnel migration, infrastructure destruction, and
resource reallocation create conditions under which a
significant part of the innovation potential remains un-
realised. At the same time, wartime conditions have
sharpened public demand for technological sovereignty,
which, if the reform course is maintained, could be-
come a catalyst for deeper institutional transformations
in the postwar period.

To achieve the goals of the WINWIN strategy re-
garding Ukraine’s status as a regional innovation hub
by 2030, it is proposed to introduce regular sectoral
monitoring based on the IIIED index across strategic
sectors — this will allow financial and institutional re-
sources to be concentrated where the gap between the
achieved and target levels is greatest. Promising direc-
tions for further research include a comparative analy-
sis of the dynamics of similar ecosystems in Central
and Eastern European countries, as well as the devel-
opment of a methodology for assessing the impact of
international grant funding on the long-term self-suf-
ficiency of the innovation ecosystem in the post-con-
flict period.
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Merta. Po3poOutu mMopeab iHTerpajibHOI OLIIHKU
pIBHSI PO3BUTKY iHHOBALiiHOI eKOCUCTEMU YKpaiHU
SIK CTpPaTerivyHOro iHCTPYMEHTY ITiATPUMKU KIIIOUOBUX
TIPOMMCJIOBUX CEKTOPiB B YMOBaX BOEHHOTO CTaHy
2024—2026 poKiB i BABHAYUTH CTPYKTYPHi 3aKOHOMip-
HOCTI ii (DyHKIIIOHYBaHHS.

Metoauka. MeTon MOPiBHSUTBHOTO aHaJli3y 3acTo-
COBAHO JUTS 3iCTaBJICHHS ITOKA3HUKIB PO3BUTKY I1’SITH
CTpaTeriYyHuX CeKTOpiB: OOOPOHHUX TEXHOJIOTIH,
IITYYHOTO iHTENEKTY, (PiHTEX, «3eJCHUX» TEeXHOJOTiil
i undposoi iHdpacTpykTypu. CTpyKTypHO-(PYHKIIIO-

HaJbHUI aHaJli3 BUKOPUCTAHO ISl AOCHTIiIKEHHS iH-
CTUTYIIIHHOI apXiTeKTypu EKOCUCTEMM, BKIIOYAIOUU
perioHanbHi Xabu, MexaHi3Mu (piHaHCYBaHHS W 1U(-
poBi miatdopmu. MeTon 3BaxkeHOI arperaiii cyOiH-
JIEKCiB 3aCTOCOBAHO LIS TTO0YA0BHU [HTErpaabHOro iH-
JIEKCY pO3BUTKY iHHOBauiitHoi exocuctemu (IIPI).
Hopwmanizauiro rnoka3HuKiB 31iiCHEHO METOJIOM min-
max y Aiana3oHi Bil MiHiMaJbHO JOMYCTUMOTO PiBHS
IO IILThOBOTO €TAJIOHHOTO 3HAUYCHHSI.

Pesyabratu. BcranosineHo, mo 3HaueHHs1 [IPI
Vkpainu y 2025 potti ctaHoBuTh 0,434, 1110 Bignosigae
cepenHbOMY PiBHIO PO3BUTKY €KOCUCTEMMU TIpU Chop-
MOBaHMX 0a30BUX eJIeMEHTaX i HAassBHUX CTPYKTYPHUX
oOMexeHHsx.  OxapakTepu3oBaHa  perioHajbHa
CTPYKTYpY iHHOBaliiiHUX Xa0iB i po3KpuUTa pojb Lud-
poBoi mnatgopmu Diia.Engine, MixkHapoaHUX Mexa-
Hi3MiB TpaHTOBOTO (piHAHCYBaHHS ¥ MEWMKepCIEHCiB
y 3a0e3neuyeHHi iHHOBalifHOI CTIAKOCTI B yMoOBax
KoHMikTy. BusBieHi cuctemMHi 6ap’epu: 3aj1eXHICTh
Bim iHO3eMHOI JOMOMOTH, MPOTAJIMHU LM@poBi3alii
MajiuX i cepelHiX MiAIPUEMCTB Ta OOMEXKEHHS MiX-
HapOJHOI iHTerpaiii.

HaykoBa noBu3na. Po3po6ieHa aBTopchbKa MOJEb
IIPI Ha ocHOBI M’ATU 3BaXXeHUX CYOIHIEKCiB cTpaTe-
TYHUX CEKTOPiB i3 3aCTOCYBAaHHSAM HOpMaJli3allii min-
max Ta eKCIepTHOTO BCTAaHOBJIEHHSI BaroBUX Koedilli-
€HTIB. 3anmporoHOBaHa YOTUPUPiBHEBA 1IKaJla iHTep-
npetauii [IPI, mo no3Bonsie imeHTU(iIKyBaTU Haii-
OiMBIN BiACTalO4i KOMIIOHEHTHM €KOCHUCTeMH Ta 3Miii-
CHIOBAaTU MOHITOPMHT MPOrpecy il pO3BUTKY.

IIpakTnyna 3nauumicth. PesynbTaT MOXyTh OyTU
BUKOPHUCTaHi opraHamMM Jep:KaBHOI Bllaau i MiXHa-
PONHUMM TTapTHEpaMM IJISI BU3HAUYCHHS IIPiOPUTETIB
MiATPUMKM CTpaTeriYHUX CEKTOPIB Y paMKax CTpaTeril
WINWIN 11010 1ocsrHeHHs YKPaiHOIO CTaTyCy perio-
HaJIbHOTO iHHOBauiitHoro xady g0 2030 poky. 3anpo-
IMOHOBaHa MOJIEJIb 3a0€e3Meuy€e iHCTPYMEHTaIbHY OCHO-
BY JUTSI OPiBHSUIBHOI OLIIHKY TTPOTpecy # 1iecrpsiMo-
BaHOI'0 PO3MOJiTY PECYpCiB y Mpolieci MOCTKOHMIIK-
THO1 €KOHOMIYHOI TpaHcdopMallii.

KimouoBi cioBa: exocucmema, mexnonoeii, mpauc-
gopmayis, po36umox, NPOMUCA08iCMb, CIILIKICMb, €8P0~
inmeepauyis
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