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1. Introduction  

In recent discussions, the Russian–Ukrainian war has increasingly been described as a technological 

war. With a severe shortage of conventional weaponry, Ukraine was forced to seek asymmetric 

responses to counter an adversary superior in numbers and firepower. One of the most effective 

asymmetric solutions emerged in the form of drones. 

The widespread adoption of drones accelerated during periods when arms deliveries from 

international partners were delayed. Their relative affordability, the feasibility of civilian 

procurement, and the ease with which they could be modified into weaponised platforms, even 

directly at the frontline, contributed significantly to their rapid dissemination (Combating Terrorism 

Center [CTC], 2024). 

Additionally, the proliferation of volunteer initiatives and the high concentration of skilled 

engineers and IT specialists within the Ukrainian Armed Forces enabled large-scale drone supplies 

even before formal state involvement. According to the IT Research Ukraine 2024: Resilience as 

the New Reality report, 67.6% of IT companies have mobilised employees for defence-related 

activities (IT Research Ukraine, 2024). This grassroots mobilisation also facilitated the military’s 

rapid adaptation to new drone technologies, setting the stage for the broader emergence of 

Ukraine’s defence innovation ecosystem. 

 

The mass adoption of drones catalysed the emergence of a new generation of domestic 

manufacturers. These companies increasingly localised and adapted production to achieve two 

strategic goals: reducing costs and expanding the operational applicability of drones explicitly 

tailored to the needs of the Ukrainian Armed Forces (CTC, 2024). 

 

In 2023, the Ukrainian government took a more active role in supporting this grassroots-driven 

innovation by launching the Brave1 initiative, a defence technology cluster to accelerate the 

development of military-focused start-ups and dual-use technologies. Within its first year, Brave1 

facilitated the rapid prototyping and scaling of numerous innovations, ranging from FPV drones to 

advanced situational awareness systems. As a result, by October 2024, President Zelensky 

announced that Ukraine could produce up to four million drones annually, far exceeding the initial 

target of one million drones for 2024. In fact, overall domestic weapons production tripled in 2023. 

It doubled again in the first eight months of 2024, reflecting a deliberate shift toward technological 

self-reliance (Saballa, 2024). 

 

In parallel, civil society initiatives such as Tech Forces of Ukraine, Come Back Alive Charity 

Organisation and individual leaders like Serhii Sternenko played critical roles by mobilising 
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funding, technical expertise, and volunteer networks to expand the scale and effectiveness of drone 

deployment. These collaborations between public and private actors helped create an increasingly 

robust innovation ecosystem, ensuring technological solutions could be developed and fielded with 

unprecedented speed and adaptability. 

 

However, the distinct features of the ecosystem also stem from historical factors predating the full-

scale invasion. These include the existence of a highly developed IT sector, historically weak state 

regulation, a strong and vibrant civil society, low university involvement in applied technological 

innovation, and geographic and political proximity to the European innovation and security 

environment (European Council on Foreign Relations [ECFR], 2023). 

 

Together, these factors have formed a unique innovation ecosystem characterised by an unusually 

high degree of horizontal coordination, openness, and low levels of internal competition. Open-

source development practices have become a hallmark of the sector. Civil society has played a 

particularly influential role through advocacy, organisation, and direct financial support for 

innovation efforts (ECFR, 2023). Moreover, the military itself has emerged as a key actor, not 

merely as an end-user, but as an active participant in innovation processes, offering feedback, 

identifying operational gaps, and, in some cases, co-developing solutions. 

Studies that explore the development of defence innovation ecosystems, particularly those catalysed 

by war, remain rare and under-theorised. 

Specifically, there is a significant research gap concerning how innovation ecosystems emerge and 

evolve under wartime pressures and how these ecosystems differ structurally and functionally from 

traditional, peacetime innovation defence systems. 

Existing models of innovation ecosystems generally assume relatively stable, institutionally 

regulated environments. However, Ukraine's experience during the full-scale Russian invasion 

challenges these assumptions, offering a unique opportunity to observe how innovation ecosystems 

can rapidly form, adapt, and scale in response to existential threats (Combating Terrorism Center 

[CTC], 2024). 

The existential pressure to stay ahead of a stronger, better-resourced enemy is not merely 

accelerating innovation processes in Ukraine—it is reshaping the structural logic, actor 

relationships, and coordination patterns within the emerging defence innovation ecosystem. 

This study addresses this research gap by investigating the emergence and development of 

Ukraine’s defence innovation ecosystem during wartime. It will focus particularly on the role of the 

drone sector, the dynamics of ecosystem coordination, and the influence of crisis conditions and 

societal mobilisation. 

To guide this investigation, the following research questions are formulated: 
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Research question 1: What role did the drone technologies play in the emergence and evolution of 

Ukraine`s defence innovation ecosystem? 

Research question 2: What are the main characteristics and structural challenges of Ukraine’s 

defence innovation ecosystem formed during wartime? 

This study does not aim to reduce Ukraine’s defence innovation ecosystem to a single model but to 

map and interpret the multiplicity of actor roles, technological functions, and coordination logics 

that have emerged under the pressure of war. The thesis highlights the unique pathways and 

structural dynamics that differentiate crisis-driven innovation from more stable, peacetime settings 

by connecting empirical findings to broader innovation ecosystem theory. 

2. Literature review  

2.1 Innovation and Defence Innovation 

Innovation is a widely used term across policy, industry, and academic domains, yet its meaning 

remains context-dependent and analytically contested (Godin, 2015). Most contemporary 

definitions treat innovation as the result of a process that produces something new and valuable, 

though both “newness” and “usefulness” can vary depending on the setting and perspective 

(Granstrand & Holgersson, 2020). What counts as innovation is not universally fixed—it can be 

new to the world, a nation, a sector, or even to a specific organisation or frontline unit. 

In policy and measurement contexts, the OECD’s Oslo Manual (2018) defines innovation as “a new 

or improved product or process (or combination thereof) that differs significantly from the unit’s 

previous products or processes and that has been made available to potential users (product) or 

brought into use by the unit (process)” (OECD, 2018, p. 20). This definition is widely used in 

national innovation surveys and comparative statistics. It is deliberately pragmatic: it stresses 

application and uptake, and includes both technological and non-technological forms of innovation, 

such as organisational and marketing innovations. This thesis is especially relevant because this 

approach allows for incremental improvements and accepts that innovation can emerge within 

constrained or imperfect conditions. 

Expanding beyond policy frameworks, Granstrand and Holgersson (2020) emphasise that most 

definitions of innovation converge around two key attributes: novelty and success or usefulness. 

Crucially, both of these are always relative to context. An innovation does not need to be globally 

novel—it may be innovative simply because it solves a problem in a new way within a specific 

situation. This flexibility is essential for analysing innovation under crisis, where “making things 

work” is often more important than formal novelty or scientific sophistication. 

The uncertainty that surrounds innovation is another key element in complex environments. Jalonen 

(2012) describes innovation as a process that inherently involves acting under uncertainty, with 
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incomplete information and unclear outcomes. This framing is particularly useful in wartime 

settings, where the conditions for experimentation, planning, or standardised implementation are 

often missing. Instead, innovation emerges as a situated response to urgent needs. 

In such settings, innovation is not necessarily radical or breakthrough-oriented. It often involves 

adaptive and practical improvements that may be modest in scope but are critical in context. As 

Bessant et al. (2015) argue, crisis-driven innovation relies on rapid mobilisation, improvisation, and 

reconfiguration of existing resources under pressure. These innovations typically arise outside 

traditional R&D pipelines but can be transformative within their local setting. 

Taken together, these perspectives support an understanding of context-sensitive, applied, and 

emergent innovation. For the purposes of this thesis, innovation is not defined by novelty alone, but 

by its practical relevance and impact under specific conditions, particularly those shaped by 

urgency, risk, and disruption, as seen in Ukraine’s wartime defence ecosystem. 

 

Defence Innovation 

The concept of defence innovation lies at the intersection of technological change, national security, 

and state-led industrial development. Although often used interchangeably with military innovation, 

the two terms reflect different analytical traditions. Military innovation typically refers to 

operational or tactical changes within armed forces, such as the adoption of new weapons, 

doctrines, or organisational structures to enhance battlefield effectiveness (Grissom, 2006). In 

contrast, defence innovation is a broader term that includes the institutional, economic, and 

technological systems that produce and support military capability over time (Cheung, 2021; 

Mowery, 2009). 

This study adopts the broader notion of defence innovation, following Cheung (2021), who defines 

it as the system-level process through which technological capabilities are developed, integrated, 

and institutionalised to meet defence needs. This includes research and development (R&D), 

public–private partnerships, procurement frameworks, and regulatory ecosystems. It encompasses 

the final military applications, upstream knowledge production, and downstream adoption 

processes. In this view, defence innovation is less about tactical gains and more about systemic 

capacity-building—how societies organise to produce and absorb security-relevant innovations 

(Hartley, 2011; Sandström, 2021). 

Defence innovation is typically more centralised, mission-driven, and politically embedded than 

civilian domains. It often involves long development cycles, high levels of secrecy, and unique 

procurement logics shaped by the state as both funder and client (Calcara et al., 2023; Das, 2024). 

However, contemporary defence innovation increasingly depends on dual-use technologies and 

civilian expertise, which challenges traditional procurement systems and requires new forms of 
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coordination (Mowery, 2009; Das, 2024). Many technologies developed in this space now serve 

both military and civilian applications. 

Some studies also emphasise that defence innovation does not occur in a vacuum—it relies on 

interaction across public, private, and academic sectors. Hartley (2011) notes that the state plays a 

crucial role not only in funding but also in shaping demand and setting priorities, especially in 

sectors where commercial incentives may be limited. At the same time, Das (2024) highlights the 

institutional challenges faced by defence innovation systems, including fragmented responsibilities, 

unclear actor roles, and difficulties translating early-stage innovation into deployable capabilities. 

These difficulties are particularly pronounced in fast-changing security environments, where agility, 

interoperability, and speed of delivery are as important as technological excellence. 

While the distinction between military and defence innovation is analytically useful, it can become 

more fluid under wartime conditions. As the empirical chapters of this thesis will show, in cases 

like Ukraine, innovation takes place not only in technologies or battlefield tactics, but also in how 

organisations are structured and tasks are coordinated. These changes often happen together, 

making it challenging to separate practical improvements from more profound transformations in 

the system. 

2.2 From Innovation system to Innovation ecosystem 

National Innovation Systems (NIS) concept was developed to understand how innovation emerges 

and spreads within a country by focusing on institutional arrangements, actor interactions, and 

nationally specific dynamics. Early intellectual contributions are commonly associated with 

Freeman, Lundvall, and Nelson; however, as Sharif (2006) and Godin (2009) note, these ideas were 

later synthesised into a broader policy-oriented framework. NIS proposes that a nation’s capacity to 

innovate depends not only on R&D investment but also on the quality of interactions among firms, 

public agencies, and knowledge institutions (Liu & White, 2001; Lundvall, 2007). 

This systemic perspective gained momentum because it gave policymakers a structured framework 

to analyse technological capacity and identify weak points in innovation governance. NIS shifted 

attention from individual firms or technologies to national-level institutional configurations and 

coordination mechanisms (Sharif, 2006; Liu & White, 2001). In this sense, it became a valuable 

diagnostic and planning tool, especially in the early 1990s when national competitiveness became a 

central policy concern (Godin, 2009). 

However, NIS has faced sustained critique. Godin (2009) argues that the term “system” was often 

used rhetorically rather than analytically, and that its rapid spread in policy discourse outpaced its 

theoretical development. Applications of NIS frequently lacked clear definitions, boundaries, or 

operational tools, which limited their explanatory power in comparative studies (Lundvall, 2007). 
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Furthermore, the framework assumes institutional stability, formal coordination, and predefined 

actor roles, absent in emerging or disrupted innovation settings. As Balzat & Hanusch (2004) and 

Carlsson (2006) show, the model underrepresents feedback loops, informal collaboration, and 

adaptive dynamics—especially important factors in rapidly changing environments or contexts of 

institutional fragility. 

The relevance of NIS has also varied in practice. While it helped inspire reforms in innovation 

policy in some countries, its influence has often remained superficial. Even prominent concept 

advocates later recognised its widespread uptake was more discursive than analytical (Godin, 2009). 

In many settings, NIS served more as a political vocabulary than a coherent analytical framework. 

Moreover, Karlson, Sandström, and Wennberg (2020) argue that NIS underestimates 

entrepreneurial experimentation and decentralised market mechanisms. They suggest that 

innovation often emerges from uncoordinated interactions and that non-state actors—especially in 

turbulent or urgent contexts—play a more central role than NIS typically acknowledges. 

NIS frameworks highlight institutional organisation of innovation (Sharif, 2006), but struggle to 

explain today’s decentralised, cross-sectoral dynamics shaped by distributed actors (Godin, 2009; 

Karlson et al., 2020; Suseno & Standing, 2018). 

To address these limitations, scholars have turned to the innovation ecosystem (IE) framework. 

Granstrand and Holgersson (2020) define an innovation ecosystem as “the evolving set of actors, 

activities, and artefacts, and the institutions and relations, including complementary and substitute 

relations, that are important for the innovative performance of an actor or a population of actors” (p. 

2). Unlike traditional NIS frameworks, which are largely state-oriented and assume nationally 

bounded structures, innovation ecosystems emphasise dynamic coordination among heterogeneous 

actors—including firms, universities, civil society, intermediaries, and users—without presuming 

hierarchical control or fixed geography (Thomas & Autio, 2020; Yaghmaie & Vanhaverbeke, 

2020). 

As Yaghmaie and Vanhaverbeke (2020) demonstrate in their systematic review, ecosystems are 

characterised by actor interdependence, shared goals, and flexible roles. These systems are often 

built around a focal value proposition or technological domain, including value co-creation and 

capture mechanisms (Adner & Kapoor, 2009; Ritala et al., 2013). Orchestration within such 

systems is crucial, with hub firms or central actors playing key roles in aligning partner interests 

and coordinating activities (Jacobides et al., 2018; Vanhaverbeke & Cloodt, 2006). 

Importantly, innovation ecosystems are not merely extensions of open innovation. While both 

concepts recognise knowledge flows across organisational boundaries, innovation ecosystems go 

further by embedding these flows in a broader structure of collaboration, shared missions, and long-

term interdependence (Suseno & Standing, 2018). Partners in an ecosystem often originate from 
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different sectors and operate under distinct logics, making coordination more complex but also 

more adaptive (Yaghmaie & Vanhaverbeke, 2020). 

Nonetheless, the ecosystem perspective is not without critique. Oh et al. (2016) argue that the term 

“ecosystem” is frequently applied metaphorically and inconsistently, leading to ambiguity in both 

theoretical and empirical applications. They caution that the concept risks becoming too elastic to 

be analytically sound without rigorous definitions and boundary-setting. Similar concerns are 

echoed by Thomas and Autio (2020), who highlight that many studies fail to specify governance 

mechanisms and performance metrics. 

Despite these limitations, the innovation ecosystem approach provides a more holistic and flexible 

framework to analyse innovation under dynamic conditions. Suseno and Standing (2018) argue that 

the systems perspective enables a deeper understanding of how internal and external factors shape 

innovation outcomes, particularly in volatile or crisis-driven settings.  

 

2.3 Defence Innovation Ecosystem  

 

As defence innovation increasingly transcends institutional boundaries and involves a broader 

constellation of actors, scholars and practitioners have begun to conceptualise it through the lens of 

innovation ecosystems. This shift reflects the limitations of viewing defence innovation solely as a 

system governed by central institutions and highlights the need for more flexible, relational, and 

distributed models to explain how military-relevant capabilities emerge and scale (Das, 2024; 

Duarte et al., 2023). 

The defence innovation ecosystem (DIE) concept extends the foundational view of defence 

innovation as a system-level process (Cheung, 2021) by emphasising co-evolutionary dynamics 

between diverse state and non-state actors. According to the RAND Corporation (2023), a defence 

innovation ecosystem refers to “the set of organisations, activities, functions, and processes that 

develop, produce, and field new or improved technologies and capabilities for military use” (p. x). 

This includes ministries of defence and military R&D organisations, private defence firms, 

technology start-ups, civil society groups, venture capital actors, research institutions, and frontline 

users. 

Defence innovation ecosystems are more decentralised and adaptive than traditional defence 

innovation systems, which tend to be centralised, hierarchical, and procurement-driven (Mowery, 

2009; Calcara et al., 2023). They rely on networked coordination, horizontal relationships, and 

iterative learning processes—often under conditions of uncertainty and speed. This shift has been 

partly driven by the rise of dual-use technologies, open innovation practices, and the need to engage 

non-traditional suppliers (Reis et al., 2022; Das, 2024). 
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Several characteristics distinguish defence innovation ecosystems from other innovation models. 

First, they are marked by actor heterogeneity: military, civilian, academic, and commercial actors 

interact with different motivations, timelines, and logics (Duarte et al., 2023). Second, coordination 

is fluid and distributed, often relying on platforms, intermediaries, or informal coalitions rather than 

a central orchestrator (RAND, 2023; Kotila et al., 2023). Third, they require balancing security 

imperatives with openness to external knowledge and technologies, creating tension between 

strategic control and innovation dynamism (Bermejo et al., 2024). 

Moreover, the evolution of defence innovation ecosystems is shaped by policy or funding and how 

relationships, norms, and coordination mechanisms are built over time (Calcara et al., 2023; Das, 

2024). Challenges such as institutional fragmentation, limited feedback loops, and unclear role 

allocation often emerge, especially in ecosystems transitioning from traditional to more open 

structures (Duarte et al., 2023; Kotila et al., 2023). 

For these reasons, the defence innovation ecosystem framework provides a more suitable analytical 

lens than legacy models, such as traditional defence-industrial systems, when examining innovation 

under high uncertainty, mission urgency, or hybrid civil–military configurations. Unlike centralised 

approaches, the ecosystem view captures how innovation is driven by distributed collaboration, 

actor interdependence, and adaptive governance structures (Das, 2024; RAND, 2023; Duarte et al., 

2023). It also highlights the evolving roles of intermediaries, the importance of real-time feedback 

loops, and the need to align multiple institutional logics (Kotila et al., 2023; Calcara et al., 2023; 

Bermejo et al., 2024). Suseno and Standing (2018) note that innovation ecosystems are especially 

valuable for understanding non-linear, co-evolving processes where formal control is limited and 

agility is critical. 

Building on this literature, this thesis adopts the defence innovation ecosystem perspective to 

analyse how security-related innovation can emerge under pressure through multi-actor 

coordination, hybrid role enactment, and institutional experimentation beyond traditional command-

and-control models. 

2.4 Actors and Roles in Innovation Ecosystems  

Innovation systems, particularly at the national level, have traditionally been described through the 

interaction of three core institutional actors: the state, universities, and industry. This model, 

commonly referred to as the “Triple Helix,” was developed by Etzkowitz and Leydesdorff (2000) 

and has become foundational to the literature on National Innovation Systems (NIS). In this 

configuration, the state provides policy and funding, universities generate knowledge, and industry 

transforms this knowledge into commercial or operational applications (Etzkowitz & Leydesdorff, 

2000; Fernandes et al., 2020). 
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While this model has been valuable in explaining long-term technological development, it has also 

been criticised for its institutional rigidity and limited ability to reflect contemporary patterns of 

innovation (Hekkert et al., 2007; Granstrand & Holgersson, 2020). It often assumes fixed actor 

roles and formal coordination mechanisms, which can constrain responsiveness and inclusiveness 

under rapidly changing conditions. 

Recent scholarship argues that modern defence innovation involves a broader and more dynamic 

constellation of actors (Reis et al., 2022; Bellais & Guichard, 2023). In addition to the traditional 

state–university–industry triad, defence innovation ecosystems increasingly include small and 

medium enterprises (SMEs), start-ups, venture capitalists, civil society organisations, end-users, 

digital platforms, informal expert communities, and dual-use technology providers (Reuven & 

Shamir, 2025; Bellais & Guichard, 2023; Reis et al., 2022). This expansion reflects a conceptual 

shift and a structural response to external pressures, including shortened procurement cycles, the 

growing importance of dual-use technologies, and the need for flexible experimentation 

environments (Reuven & Shamir, 2025; RAND, 2023). 

The traditional defence-industrial complex, dominated by defence ministries and major defence 

contractors, is no longer sufficient for producing responsive and mission-oriented innovation 

(Cheung, 2021; Bellais & Guichard, 2023). Increasingly, innovation arises from cross-sectoral 

collaboration involving non-traditional actors, such as open-source communities, technical 

volunteers, or civilian R&D labs (Reis et al., 2022). These groups may lack formal authority but 

possess agility, local knowledge, or technical specialisation that complements state-led initiatives. 

This expansion in actor types also illustrates a more profound shift from role-based to function-

based logic. (Dedehayir et al., 2018; Valkokari et al., 2017) In traditional innovation systems, actor 

identities were defined by institutional affiliation, universities educated, governments funded, and 

industries produced (Etzkowitz & Leydesdorff, 2000). In ecosystems, however, roles are more fluid 

and context-dependent (Yaghmaie & Vanhaverbeke, 2020). A single actor may operate as a 

developer, funder, and user across different phases of the innovation process (Dedehayir et al., 

2018; Jacobides et al., 2018). This flexibility is significant in crisis contexts, where adaptive 

coordination and distributed experimentation are often required. 

Merindol and Versailles (2020) highlight that the culture of military innovation has been 

undergoing significant transformation, increasingly embracing civilian collaboration and hybrid 

expertise. These shifts necessitate institutional cultures to become more permeable and responsive 

to external actors. Consequently, innovation ecosystems, particularly in defence, are evolving from 

closed, hierarchical models to open, distributed, and dynamically evolving structures. 

Thus, the actor landscape in defence innovation ecosystems is significantly broader and more 

diverse than in traditional models. This diversity introduces opportunities and coordination 

challenges, which are explored in the following sections. 
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Roles in Innovation Ecosystems 

Understanding different actors' roles within innovation ecosystems is central to analysing how 

innovation emerges and evolves across contexts (Dedehayir et al., 2018; Valkokari et al., 2017). 

Unlike traditional innovation systems, where actors were typically assigned fixed institutional 

functions—such as states funding, universities researching, and firms commercialising—innovation 

ecosystems are defined by role fluidity and contextual adaptability (Etzkowitz & Leydesdorff, 

2000; Yaghmaie & Vanhaverbeke, 2020). 

Dedehayir, Mäkinen, and Ortt (2018, 2022) provide a widely adopted framework for analysing 

ecosystem roles, categorising actors as Initiators, Orchestrators, Enablers, and Complementors. 

Initiators identify a problem or opportunity and mobilise resources and participants to form the 

ecosystem (Dedehayir et al., 2018). Orchestrators coordinate interactions among ecosystem 

members, often without formal authority, relying instead on influence and legitimacy (Jacobides et 

al., 2018; Giudici et al., 2018). Enablers create the conditions for innovation by providing policy, 

infrastructure, or institutional support (Autio & Thomas, 2022; Giudici et al., 2018). 

Complementors supply technologies, skills, or services that enhance the core innovation, 

contributing value while extending system capabilities (Valkokari et al., 2017; Dedehayir et al., 

2022). 

This function-based classification allows for analysing innovation ecosystems under conditions of 

emergence, uncertainty, and rapid change, where institutional boundaries are often blurred (Suseno 

& Standing, 2018; Adner, 2017). In such contexts, a single actor may simultaneously adopt multiple 

roles across different innovation phases, such as user, funder, and developer, based on resource 

availability and strategic alignment (Dedehayir et al., 2018; Jacobides et al., 2018). This is 

especially relevant in mission-driven or crisis ecosystems, where responsiveness and agility 

outweigh rigid institutional mandates (Autio, 2022; Yaghmaie & Vanhaverbeke, 2020). 

Alternative role typologies have also been proposed. Drawing from ecological metaphors, 

Valkokari et al. (2017) classify actors as keystones, dominators, niche players, or followers, based 

on their interdependencies and influence within the system. This model benefits private-sector or 

business ecosystems, where competitive positioning and power asymmetries are more evident 

(Giudici et al., 2018; Valkokari et al., 2017). Autio (2022) suggests a multi-layered orchestration 

model that considers coordination's technological, economic, institutional, and behavioural layers. 

However, its application is more suited to mature, structured ecosystems with clear governance 

systems. 

Despite multiple frameworks, this thesis primarily adopts the role classification of Dedehayir et al. 

(2018, 2022) due to its simplicity, adaptability, and empirical relevance to defence innovation 

ecosystems under crisis. It enables mapping actor contributions based on function rather than 
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institutional identity—a key feature in wartime or rapidly evolving innovation contexts (Cheung, 

2021; Das, 2024). 

The following sections will examine how this framework helps interpret the role transformation of 

traditionally central actors, such as the state and universities. 

 

2.5. Role of the State and Universities  

Role of State in Defence Innovation Ecosystems 

Although innovation ecosystems are often characterised by distributed coordination and multi-actor 

collaboration, the state retains a central position in defence-related contexts due to its unique role as 

funder and regulator (Belin & Guille, 2019; Lazaric et al., 2021). In ecosystems shaped by national 

security concerns, the state not only defines strategic priorities but also orchestrates inter-

organisational interactions through funding, procurement frameworks, and regulatory design 

(Mowery, 2009; Ghosh et al., 2021). 

This orchestration can take several forms. Metcalfe (1995) suggests that the state sets the overall 

framework conditions for innovation by shaping institutions, supporting infrastructure, and 

facilitating long-term knowledge accumulation. Mazzucato (2021) further emphasises the state’s 

“mission-oriented” capacity—its ability to mobilise resources and direct innovation toward public 

goals, particularly in sectors where market incentives are insufficient. Defence innovation includes 

everything from agenda-setting to procurement, from military–academic partnerships to regulatory 

waivers for rapid deployment (Lazaric et al., 2021; Das, 2024). 

Moreover, the state often acts as a structural integrator, aligning the activities of research 

institutions, start-ups, and large contractors through platforms and coordination tools. Ghosh et al. 

(2021) describe this as a shift from direct control to “ecosystem stewardship,” where public actors 

facilitate horizontal coordination without assuming central ownership of the innovation process. 

This is especially relevant in environments marked by rapid technological change and civilian–

military convergence. 

This coordinating role in contemporary defence innovation ecosystems has expanded due to the 

rising importance of dual-use technologies and the increased participation of non-traditional actors 

such as civic tech developers, universities, and venture-backed firms (Cheung, 2021; Belin & 

Guille, 2019). Instead of controlling all inputs, the state frequently enables experimentation, fosters 

modular collaborations, and reduces entry barriers for smaller actors (Mérindol & Versailles, 2020; 

Bellais, 2020). 

However, this decentralised coordination poses new governance challenges. Lazaric et al. (2021) 

point out that fragmented responsibility across agencies, shifting funding priorities, and the absence 

of unified standards can hinder systemic performance. In response, states have introduced 
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innovation agencies, sandboxes, and dual-use acceleration platforms to maintain strategic coherence 

while leveraging ecosystem dynamics (Calcara et al., 2023; RAND, 2023). 

 

In sum, the state in defence innovation ecosystems is no longer solely a hierarchical planner but a 

dynamic orchestrator that balances strategic oversight with adaptive, often indirect, coordination 

mechanisms (Mérindol & Versailles, 2020; Belin & Guille, 2019; Ghosh et al., 2021). This shift 

reflects the need for flexibility in the face of fast-evolving threats and the growing reliance on 

civilian and dual-use innovation inputs (Lazaric et al., 2021; Das, 2024). 

 

Role of Universities in Defence Innovation Ecosystems 

Universities have traditionally been associated with civilian research and education, but their role in 

defence innovation ecosystems has expanded significantly in recent decades (James, 2009; Belin & 

Guille, 2019). Rather than serving merely as peripheral knowledge producers, universities 

increasingly function as active contributors to capability development, particularly in dual-use 

technologies such as AI, cyber, aerospace, and robotics (Pugh et al., 2009; Lazaric et al., 2021). 

In defence innovation ecosystems, universities operate in at least three key roles: (1) as scientific 

and technological knowledge producers, particularly in pre-competitive research domains; (2) as 

intermediaries in public–private R&D consortia; and (3) as providers of human capital and 

advanced technical expertise (James, 2009; Bellais & Guichard, 2020). This diversification of roles 

reflects the broader transition from linear models of innovation to ecosystem-based coordination, 

where knowledge flows across institutional boundaries (Libaers, 2009; Belin & Guille, 2019). 

Examples from multiple national contexts illustrate these roles. Following Cold War restructuring 

in the UK, initiatives such as the Towers of Excellence and Defence Technology Centres were 

launched to embed academic institutions in defence-oriented R&D platforms involving government, 

firms, and universities (Pugh et al., 2009). In France, the DGA (Direction Générale de l’Armement) 

has long orchestrated formal partnerships with top-tier universities and research organisations (e.g., 

ONERA, CNRS, CEA), aligning long-term research contracts with national strategic objectives 

(Lazaric et al., 2021; Mérindol & Versailles, 2020). In the U.S., Department of Defence (DoD) 

funding has been shown to shape academic behaviour, creating institutional bifurcation between 

defence-funded and non-defence-funded researchers regarding publication output and collaboration 

networks (Libaers, 2009). 

Despite these contributions, universities face several constraints in defence innovation ecosystems. 

First, incentive misalignment often limits effective participation: the academic logic of publication, 

openness, and peer review may conflict with confidentiality requirements or applied output targets 

(Bellais & Guichard, 2020; James, 2009). Second, regulatory frameworks—such as export controls 

and IP restrictions—can hinder access to strategic projects (Lazaric et al., 2021). Third, ethical and 
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reputational concerns may deter universities from engaging in defence-related research, particularly 

in societies with strong civil resistance to militarisation (Belin & Guille, 2019). 

Nevertheless, the rise of dual-use innovation and open science platforms has created new 

opportunities for universities to act as strategic enablers. They contribute to talent pipelines via 

defence-focused education programs, support rapid prototyping via testbeds and living labs, and 

serve as neutral spaces for experimentation and standards-setting (James, 2009; Bellais, 2020). In 

ecosystems where formal orchestration is limited or evolving, universities often become central 

nodes that connect public agencies, military users, and industry developers, facilitating knowledge 

flows and feedback loops (Pugh et al., 2009; Mérindol & Versailles, 2020). 

 

In crisis or wartime settings, universities often assume more agile and application-oriented roles, 

rapidly mobilising knowledge for defence needs (James, 2009; Belin & Guille, 2019). Their 

integration into horizontal, open collaborations with non-traditional actors marks a shift from stable 

institutional roles to more emergent and flexible contributions (Mérindol & Versailles, 2020; 

Bellais & Guichard, 2020). However, this evolution also introduces tensions around security 

restrictions and academic openness, highlighting university participation's adaptive and contested 

nature in emergent defence ecosystems (Lazaric et al., 2021; Libaers, 2009). 

2.6 Lifecycle of Innovation Ecosystems 

Innovation ecosystems evolve through distinct phases that shape their structure, actor 

configurations, and coordination mechanisms. Scholars typically describe the lifecycle of 

ecosystems using four key stages: birth, expansion, leadership, and self-renewal (Moore, 1993; 

Chen et al., 2014). In the birth phase, actors experiment with roles and relationships, often driven by 

a shared mission or emergent technological opportunity (Pombo-Juárez et al., 2017). Coordination 

is informal, and ecosystem structures are still fluid and unstable (Rong et al., 2015b). 

As the ecosystem expands, complementary actors align more closely, regulatory frameworks begin 

to form, and the core value proposition becomes clearer (Parente et al., 2018). This stage is marked 

by increasing actor interdependence and attempts to formalise governance mechanisms (Tsou et al., 

2019). In the leadership phase, dominant firms or institutions emerge as orchestrators, stabilising 

the ecosystem and reinforcing successful practices through resource control or agenda-setting 

power (Sant’Ana et al., 2020; Adner & Kapoor, 2009). Eventually, ecosystems must renew 

themselves or risk decline, particularly as technologies mature or external conditions shift (Letaifa, 

2014). 

 

However, many ecosystems—especially those in defence or emerging technology sectors—do not 

follow this linear model. Instead, their development is shaped by non-linear, adaptive processes, 



16 

 

often under high uncertainty or crisis pressure (Rong et al., 2015b; Gomes et al., 2021). This has led 

scholars to emphasise the concept of emergence as a defining feature of innovation ecosystems 

(Suseno & Standing, 2018). Emergence refers to the spontaneous formation of structure or 

behaviour through local interactions between system components, without top-down control (Choi 

et al., 2001; Senge, 1990). 

Emergent ecosystems are often characterised by loosely coupled actor networks, overlapping roles, 

and rapid experimentation, which allow them to adapt more flexibly to shifting needs or threats 

(Suseno & Standing, 2018; Daymond et al., 2022). In these contexts, system-level order arises from 

feedback loops, mutual adjustments, and shared sense-making rather than formal governance 

(Yaghmaie & Vanhaverbeke, 2020). Cheung (2021) notes that such dynamics are fundamental in 

defence settings, where institutional rigidity can hinder responsiveness and innovation must often 

arise from distributed and iterative collaboration. 

Moreover, excessive centralisation can suppress emergence by limiting variation, experimentation, 

and distributed learning (Choi et al., 2001). For this reason, policymakers are encouraged to design 

for emergence—creating enabling conditions rather than prescriptive plans (Suseno & Standing, 

2018; Lazaric et al., 2021). This may involve investing in boundary-spanning roles, modular 

governance structures, and sandboxes or pilot zones that allow actors to interact and adapt over time 

(Rong et al., 2015b; Das, 2024). 

In sum, while lifecycle models such as Moore’s (1993) offer a helpful way to describe the structural 

development of ecosystems over time, they may not fully capture how innovation unfolds in 

uncertain or fast-changing environments. The concept of emergence highlights how ecosystems can 

grow and organise through bottom-up interactions, mutual adjustment, and local experimentation, 

without central planning (Suseno & Standing, 2018; Yaghmaie & Vanhaverbeke, 2020). This 

dynamic is especially relevant under crisis or wartime conditions, where coordination is often 

improvised and shaped by urgency rather than formal design (Cheung, 2021; Gomes et al., 2021). 

2.7 Drivers of Ecosystem Formation 

Despite increasing interest in how innovation ecosystems emerge, there is no widely accepted or 

comprehensive classification of ecosystem drivers. Much of the existing literature focuses on 

ecosystem structures, roles, and platform dynamics (Adner, 2017; Jacobides et al., 2018), while the 

foundational question of what initiates ecosystem formation remains underdeveloped (Dedehayir et 

al., 2018; Dattée et al., 2018). 

 

Traditional innovation system theory tends to emphasise financial incentives and market correction 

as central drivers of innovation. Policy often aims to fix market failures and stimulate private 

investment within this framework. However, this approach overlooks forms of innovation that are 
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motivated by non-economic factors, such as social impact, community needs, or shared values 

(Warnke et al., 2016). These alternative motivations are fundamental in collaborative, public-

oriented, or crisis-driven settings. 

 

While previous studies have proposed various drivers of ecosystem development, these rarely 

account for high-pressure or security-driven contexts. To address this, I focus on two analytically 

distinct types of innovation ecosystem drivers that are especially relevant in non-market and high-

pressure contexts: 

Mission-oriented drivers refer to innovation efforts driven by a clear strategic or societal goal. 

Often initiated by public actors, mission-driven ecosystems aim to solve grand challenges, such as 

national defence, environmental security, or public health, through coordinated innovation 

(Mazzucato & Penna, 2015; Ghosh et al., 2021). 

Crisis drivers: These ecosystems emerge in response to acute disruptions, such as war, pandemics, 

or system-level failures. In such settings, the situation's urgency mobilises actors and accelerates 

innovation, often bypassing conventional institutional processes (Nylund et al., 2023). 

While other motivations, such as grassroots or commercial logics, may also play a role, this study 

focuses on crisis-driven innovation ecosystems as the most relevant frameworks for analysing 

defence-related innovation in the context of wartime Ukraine. 

 

Crisis-Driven Innovation Ecosystems 

Crises often produce conditions where traditional innovation systems can no longer function 

effectively. In such situations, innovation frequently shifts toward more adaptive, problem-solving 

modes characterised by experimentation, improvisation, and coordination under constraints 

(Bessant, Rush, & Trifilova, 2015). These contexts favour what Bessant et al. (2015) call 

humanitarian innovation, where existing infrastructures are reconfigured under pressure, and 

innovation becomes less about efficiency and more about urgency and relevance. 

Innovation ecosystems often reorganise into temporary, emergent, and fluid structures when 

confronted with large-scale disruptions, such as pandemics, wars, or natural disasters. These crisis-

driven innovation ecosystems prioritise agility, decentralised coordination, and short innovation 

cycles to respond to rapidly evolving societal threats (Nylund et al., 2023). In their study of a water 

innovation partnership during COVID-19, Nylund et al. note that “common innovation objectives 

and urgency a crisis brings can activate seemingly idle ecosystems,” forming new constellations of 

actors and practices outside conventional planning frameworks. 

 

The adaptability of these ecosystems depends heavily on informal and community-level 

coordination. Sahasranamam and Soundararajan (2021) argue that emergency-responsive 
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ecosystems rely on “bottom-up practices and informal coordination through community-level 

institutional arrangements,” rather than traditional top-down governance structures. These emergent 

arrangements facilitate rapid action in contexts where formal systems may be too slow or 

fragmented. 

 

Crisis conditions compress timelines and increase uncertainty, prompting a shift from efficiency-

focused innovation to real-time iteration and adaptation. As Nylund et al. (2023) emphasise, the 

urgency of the COVID-19 crisis “accelerated the system” and mobilised rapid collaboration among 

actors who previously had no incentive to coordinate. Similarly, Dahlke et al. (2021) note that 

crises create “temporary networks of highly adaptive actors cooperating to develop innovative 

solutions” to pressing challenges. 

 

Corporate and policy responses further confirm these dynamics. Bar Am et al. (2020) observed that 

the pandemic “significantly accelerated the pace at which companies are bringing new ideas to 

market,” and short feedback loops and reduced bureaucracy became essential to operational 

survival. 

The structural capacity of a national innovation system also matters. Nylund et al. (2023) argue that 

innovation under crisis is strongest in systems “preferably specialised towards high-tech industries” 

and supported by “capacitated people and financial backing.” This underscores the role of both 

infrastructure and institutional readiness in shaping ecosystem responsiveness. 

Public funding becomes essential in this context. Private investors often retreat during crises due to 

risk aversion, making state support critical (Nylund et al., 2023). 

Fluid actor roles also distinguish crisis-driven ecosystems. Individuals and organisations often take 

on multiple overlapping responsibilities, developing, financing, and implementing solutions 

simultaneously.  Nylund et al. (2023) similarly document how “heterogeneous actors who had not 

previously worked together” collaborated effectively under crisis-induced urgency. 

Finally, although crisis-driven ecosystems often emerge spontaneously, they can evolve into long-

term innovation infrastructures only if institutionalised post-crisis. Without adequate follow-

through, the risk of fragmentation, duplication, and governance gaps remains high. Nylund et al. 

(2023) caution that while a crisis may generate collective momentum, the absence of stable 

governance structures can limit sustainability over time 

2.8 Framing Ukraine’s Defence Innovation Ecosystem 

This thesis conceptualises Ukraine’s defence innovation ecosystem as a wartime configuration of 

interdependent organisational, civic and technological actors. These actors contributed to the rapid 
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development, production and deployment of defence technologies — especially drones — under 

conditions of institutional disruption, decentralised coordination and extreme urgency. 

To analyse this ecosystem, the thesis combines selected concepts from three bodies of literature: 

national innovation systems (NIS), crisis-driven innovation and innovation ecosystems. These 

perspectives are not treated as competing frameworks but are used to explain different dimensions 

of the empirical case. 

 

Historical Reference: National Innovation Systems (NIS) 

The NIS approach frames defence innovation as a centralised, state-driven process that depends on 

long-term planning, institutional stability and hierarchical coordination between ministries, public 

research institutions and large industrial actors (Mowery, 2010; Edler & James, 2015). 

This model does not apply directly to Ukraine’s context but is helpful as a contrastive baseline. It 

highlights how Ukraine’s ecosystem differs: it was not planned, did not rely on stable institutions, 

and involved many non-traditional actors. The NIS concept is used in this thesis to emphasise the 

non-standard nature of Ukraine’s innovation dynamics under war. 

 

Explaining Formation: Crisis-Driven Innovation 

The crisis-driven innovation framework helps explain how and why the ecosystem initially 

emerged. This literature shows that crises can create conditions where innovation is fast, 

decentralised, informal and driven by urgency (Bessant et al., 2015; Nylund et al., 2023). In the 

Ukrainian case, the war created material shortages, coordination gaps and time pressure. These 

factors allowed volunteers, start-ups, and civic initiatives to become central innovation actors. 

This framework contributes two things to the analysis: 

• It explains the triggering conditions of the ecosystem’s formation. 

• It identifies persistent features shaped by crisis, such as informal coordination, actor hybridity 

and experimental practices. 

Structuring Analysis: Innovation Ecosystem Perspective 

The main analytical framework used in this thesis is the innovation ecosystem approach, following 

Granstrand and Holgersson (2019). This perspective defines ecosystems as evolving sets of actors, 

institutions, relationships and technologies that jointly support innovation. It is well-suited to 

analysing Ukraine’s case because it allows for: 

• Functional analysis of actors, focusing on what they do rather than who they are; 

• Decentralised and multi-actor coordination, including civic and informal participants; 

• Role shifts over time, as actors adapt to changing needs and system demands. 
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This approach enables the thesis to investigate how innovation was sustained without central 

control and how system-level patterns formed through dynamic actor interactions. 

The analysis also uses the ecosystem lifecycle model to interpret how the ecosystem developed over 

time (Moore, 1996; Dedehayir et al., 2018). This helps explain how the system transitioned from ad 

hoc improvisation in 2022 to early attempts at institutionalisation in 2023 and beyond. 

These perspectives form a coherent framework for understanding Ukraine’s defence innovation 

ecosystem. The NIS model provides historical contrast. Crisis-driven innovation explains how the 

ecosystem emerged, while the innovation ecosystem model explains how it functions and evolves. 

Lifecycle thinking adds a temporal logic to the analysis of change. 

This integrated framing supports the empirical investigation of a defence innovation ecosystem that 

is non-linear, crisis-initiated and structurally fluid. 

3. Method 

3.1 Research Strategy and Design 

This thesis is a qualitative, exploratory case study of the wartime emergence and development of 

Ukraine’s defence innovation ecosystem. The central object of analysis is the system-level 

configuration of this ecosystem, with particular attention to the drone sector as both a critical 

subsystem and a focal technology. The research investigates how the ecosystem operates through 

the interaction of drone technologies, institutional collaboration, and hybrid actor roles. Given the 

complexity, novelty, and limited theorisation of defence innovation under crisis conditions, this 

design enables contextual depth and theoretical sensitivity without generalisability (Bell et al., 

2019, pp. 26–27; Yin, 2018). 

 

The primary analytical timeframe spans 2022 to 2024, reflecting the formative phase of Ukraine’s 

defence innovation ecosystem under wartime pressure. Although interviews were conducted in 

2024 and early 2025, their content directly refers to key developments, institutional shifts, and actor 

dynamics during 2022–2024. Respondents frequently reflect retrospectively on this critical period, 

making the interviews a relevant and temporally grounded data source (Bell et al., 2019, p. 389; 

Mackieson et al., 2019). 

Thematically, the research centres on the drone sector as the most dynamic node within the 

emerging ecosystem, while including adjacent domains such as robotics, counter-drone systems, 

and secure communications when directly relevant. Drawing on open-access interview materials 

and applying a qualitative thematic approach, the study focuses on mapping key components and 

coordination mechanisms while acknowledging national security and direct access constraints. The 

drone sector is treated as a unit of analysis and a central driver of systemic transformation. 
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The case study also addresses a recognised conceptual gap between civil and military innovation 

frameworks. While often treated separately, these domains increasingly intersect through dual-use 

technologies, open innovation models, and overlapping actor roles (Mowery, 2009; Das, 2024). The 

research explores how public, private, and civic actors co-produce innovation under extreme 

pressure by adopting a systems perspective. This aligns with Bell et al. (2019), who emphasise the 

value of case-based inquiry in tracing unfolding social processes and producing theoretically 

transferable insights in underexplored domains. 

3.2 Sampling and Data 

After initial attempts to conduct primary interviews proved unsuccessful due to national security 

restrictions and difficulties accessing key stakeholders, a shift was made toward using qualitative 

secondary data. Bell et al. (2019, p. 345) argue that publicly available data sources can be valid and 

rigorous, particularly when primary access is constrained. Similarly, Mackieson et al. (2019) 

demonstrate that thematic analysis of public interviews can yield deep insight into social dynamics 

and institutional discourses, provided transparency and systematic coding procedures are applied. 

The empirical material consists of 18 publicly available video interviews, mainly from YouTube 

channels. All interviews were conducted in Ukrainian and transcribed and translated into English. 

Turboscribe software supported transcription and translation, with extensive manual correction to 

preserve technical accuracy and meaning fidelity.  

In line with purposive sampling strategies (Bell et al., 2019, p. 385), interview selection aimed to 

capture a range of ecosystem perspectives: drone manufacturers, state officials, military actors, 

investors, and civic leaders. Interviews were selected not for representativeness but for their ability 

to inform the core research questions through diversity of institutional roles and ecosystem 

functions. Purposive sampling included information-rich cases illuminating the ecosystem's 

structural, relational, and temporal dynamics (Bell et al., 2019, p. 382). 

To ensure analytical depth and actor diversity, the final selection of interviews was guided by both 

thematic relevance and ecosystem role variation. A complete list of interviewees, including names, 

roles, and source references, is available in Appendix 1. The selection includes: 

• Wartime entrepreneurs: founders of drone-focused start-ups such as Oleksii Babenko, 25-

year-old CEO of Yuriy’s, representing a new generation of tech-native innovators emerging 

under battlefield pressure; 

• Tech innovators: Yaroslav Azhniuk, founder of Petcube and The Fourth Law (a company 

developing autonomy modules for robotic systems), whose work bridges commercial AI, 

robotics, and defence innovation; 

• Established manufacturers: representatives from Athlon Avia and Skyeton, offering 

longitudinal perspectives and continuity from pre-war production and design experience; 
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• State and coordination actors: Nataliia Kushnerska, Head of the BRAVE1 platform; 

Mykhailo Fedorov, Vice Prime Minister for Innovation, Education, Science and 

Technology, and Minister of Digital Transformation of Ukraine, initiator of the Diia e-

governance platform; 

• Academic leadership: Kseniia Semenova, Acting Rector of the National Aviation 

University and Timofiy Mylovanov, President of the Kyiv School of Economics and former 

Minister of Economic Development; 

• Defence investors: Anton Verkhovodov, Partner at D3 (Dare to Defend Democracy), a 

defence-focused venture capital fund supporting early-stage Ukrainian military 

technologies. 

Interviews lasted between 40 and 60 minutes, with full-length verbatim transcriptions. Final 

transcripts ranged from 18 to 20 pages per interview. The sample includes horizontal (peer-to-peer) 

and vertical (state–industry–military) relationships, enabling multi-layered thematic analysis. Open-

source data use also eliminates ethical concerns related to anonymity or risk to participants (Bell et 

al., 2019, pp. 429–430). 

While the data lacks interactivity and the ability to follow up with clarifying questions, a limitation 

acknowledged by Bell et al. (2022), its richness lies in the diversity of perspectives and the 

ecosystem-level framing provided by public discourse. Including a female host and multiple female 

experts (4 of 18) adds dimension to the sample, though gender is not the primary analytical focus. 

While this research does not focus specifically on gender participation within the defence 

innovation ecosystem, this sample composition reflects an important aspect of inclusivity and 

visibility within the public domain. 

 

Justification for Selecting Channels as a Data Source 

Most interiors are taken from two channels - Army UA and PRO: UA. The format of the videos 

from both channels, a long-form, unscripted dialogue, offers deeper access to lived experience, 

motivation, and informal logic, which is often underrepresented in traditional documents or policy 

texts. 

The channel PROUA with Marii Berlinska addresses exactly the type of innovation under study—

the emergence and dynamics of Ukraine’s wartime defence innovation ecosystem, with a particular 

emphasis on drone technologies. As of the moment of selection, the playlist contained 53 in-depth 

interviews with key ecosystem participants, including manufacturers, military personnel, civil 

society representatives, and public officials. 

Mariia Berlinska is a podcast host and a recognised civic-military innovation leader in Ukraine. She 

is the Founder of the Centre for Aerial Reconnaissance Support, Director of Victory Drones, 
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Ukraine’s most extensive military drone training program, and a public advocate for the Drone 

Army initiative.  This aligns tightly with the thesis’s interest in how wartime actors co-develop 

technologies, coordinate in new ways, and push innovation forward from below.  

YouTube channel “Армія TV – Технології / Процеси / Війна” [Army TV – Technologies / 

Processes / War], produced by the Ukrainian Armed Forces' official media team. This source was 

selected due to its credibility, insider access, and technological focus. 

The channel represents Ukraine's only official military YouTube platform. Unlike external 

journalists or civil society analysts, the content's creators are military personnel, including current 

servicemen, engineers, and technologists involved directly in the war effort. This makes the 

material insider-driven and deeply embedded in practice. 

The host, Yurko Fedorenko, is an IT engineer and an active-duty serviceman, adding further depth 

to the analysis. His dual identity reflects the kind of hybrid actor role that this thesis seeks to 

explore in wartime innovation settings. The channel focuses explicitly on military innovation, 

technical adaptation, and battlefield feedback loops.  

Supplementary Sources: MILITARNYI and Victory Drones 

MILITARNYI YouTube Channel is affiliated with the civil society organisation Information and 

Analytical Centre “Militarnyi”, which maintains one of Ukraine’s most established military-

technical media portals. While it contains much interesting material from drone manufacturers, it 

also has a more technological and military focus. It was included in the interview with Natalia 

Kushnerska, CEO at the Brave1 defence tech cluster. 

 

Victory Drones Official Channel is part of the larger Victory Drones initiative, led by the Dignitas 

Foundation and closely associated with Maria Berlinska’s civic–military training efforts and added 

to sources through an interview with Artem Vyunnyk, a true “old-timer” of the unmanned 

technology industry in Ukraine, founder and director of the Athlon Avia Research and 

Development Enterprise, the manufacturer of the Furia UAV. He was at the origins of drone 

development 11 years ago. His perspective on the past, present, and future is an important source of 

information and an opportunity to look at issues retrospectively. 

Though represented by only a few videos each, these two channels complement the core dataset by 

extending the actor map and reinforcing key empirical themes, including civic–military hybridity, 

knowledge dissemination, and horizontal coordination. 

While most interviews were sourced from two platforms, their differing orientations, grassroots 

civic versus institutional educational, offered complementary vantage points. The sample sought to 

mitigate platform bias through actor and affiliation triangulation, ensuring coverage across military, 

state, private, and academic sectors (Bell et al., 2019, p. 388). Though limited in platform variety, 

the data’s internal heterogeneity supports analytical depth and ecosystem-level insight 
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3.3 Data Analysis 

The analytical process in this study was guided by a hybrid approach that combined inductive, 

grounded theory–inspired thematic coding with theoretical sensitivity to key concepts from the 

literature on innovation ecosystems and crisis-driven innovation (e.g., Bessant et al., 2015; 

Dedehayir et al., 2018; Mazzucato, 2021). Although the goal was to remain open to the empirical 

material and let patterns emerge naturally, the initial lens of actor roles and ecosystem dynamics 

offered a loose conceptual structure that helped guide the coding process. 

The empirical analysis began with a careful engagement with the original Ukrainian-language 

interviews. Each recording was first listened to fully, then transcribed and translated into English. 

All interviews were later re-checked in parallel with the recordings to ensure accuracy. Due to the 

interviews' conversational and sometimes unstructured nature, relevant insights often emerged 

spontaneously rather than in response to predefined research questions. This required an attentive 

and iterative approach to coding. 

 

The early stages of coding were exploratory and flexible, capturing diverse emerging topics, such as 

“mission is to save lives”, “Ukraine is 6 times larger than the US military market for drones”, “we 

can adapt very quickly. This is our strength now.” As more interviews were processed, recurrent 

patterns began to form, including “multi-dimensional military roles,” “state as delayed 

coordinator,” and “ecosystem improvisation.” A more structured second-order coding process 

allowed earlier codes to be refined, merged, or removed. A thematic matrix was then developed, 

grouping related second-order codes under broader conceptual themes. Over 45 first-order codes 

were generated and clustered into approximately 15 analytical categories, ultimately organised into 

three core themes. The complete list of codes and categories is provided in Appendix 2. 

The first coding stage was done in Microsoft Word, using in-line comments. However, to ensure 

more flexible tracking, categorisation, and visualisation, subsequent rounds of coding were 

conducted in NVivo. This software allowed for better organisation of quotes across interviews and 

facilitated the mapping of conceptual relationships. 

The iterative nature of the research allowed for analytical refinement as new data was incorporated. 

For instance, an interview with Yaroslav Azhnyuk was added later when it became clear that his 

perspective touched not only on drone manufacturing but also broader strategic visions for a 

national innovation hub. Such additions sharpened the conceptual contours of the emerging themes 

and revealed how new actor roles were evolving in real time. 

To illustrate the coding process, Table 1 below demonstrates how raw data (first-order codes) were 

interpreted into abstract categories (second-order codes) and linked to broader themes. This 

example captures three representative quotes and their analytical coding: 
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Interview Quote 
First-Order 

Code 

Second-Order 

Code 
Theme 

“Now we see more than 2,000 teams that 

have appeared over the past two years, .. 

These are Ukrainian engineers. This is 

Ukrainian R&D. These are Ukrainian 

salaries. Ukrainian money in the middle of 

Ukraine. Moreover, these Ukrainian 

entrepreneurs will eventually reinvest this 

money in Ukraine.” (Azhnyk, 2024)  

Generated 

shared focus 

and urgency 

among diverse 

actors 

Generated 

shared focus 

and urgency 

among diverse 

actors 

Theme 1: Multiple 

roles of drone 

technology  

 

 

“Military Tech Cluster - Brave One. This 

is, in fact, the starting point for all small 

producers… to get grants, communicate 

with the Ministry of Defence, with the 

Armed Forces.” (Fedorov, 2024) 

Emergence of 

selective 

coordination 

Adaptive and 

partial 

orchestration by 

the state 

Theme 2: Dynamic 

Actor Roles and 

Ecosystem Structure 

 

 

“The main problem is that state 

procurement is an extremely bureaucratic 

and closed process. ... If you want to 

participate, you must wait for a tender. If 

you win the tender, you will wait for 

payment for months.” (Zhumadilov,2025) 

 

 

 

Procurement 

and export 

bottlenecks 

Structural and 

regulatory 

constraints 

Theme 3: Ecosystem 

Characteristics and 

Challenges 

This multi-level coding strategy enabled the analysis to remain close to the data while identifying 

systemic patterns across interviews. It also allowed me to connect empirical insights with 

theoretical frameworks introduced in the literature review and applied in the analysis. 

This thematic map in Figure 1 visually represents the structure of empirical findings developed 

through the coding process. The three main themes (in large coloured circles) were derived from 

inductive coding and theoretical categorisation. Each theme connects first-order codes (smaller 

bubbles), illustrating how empirical patterns are clustered around key dimensions such as actor 

roles, ecosystem characteristics, constraints, and roles of drone technologies. The central node 

symbolises the emergent defence innovation ecosystem, with relational links showing how different 

actor groups (e.g., military, civil, state, academic) and dynamics interact to shape its evolution 

under wartime conditions. 

Re-coding and Conceptual Revision 

During the initial stages of data analysis, the coding scheme focused on capturing the role of drones 

through a singular conceptual lens. In particular, early iterations emphasised analogies such as the 

“bifurcation point” or drivers. However, as the analysis progressed and new empirical evidence 
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accumulated, it became increasingly apparent that this approach did not adequately reflect the 

multiplicity and dynamic nature of drone technologies within Ukraine’s defence innovation 

ecosystem. As a result, a process of re-coding was undertaken. The coding framework was revised 

to capture a broader spectrum of roles that drones played, including enabler, driver, catalyst, 

coordination point, and others, as well as their evolving interactions with different ecosystem 

actors. This shift allowed for a more nuanced and empirically grounded understanding of the 

drones’ contribution, moving beyond a search for a singular “definitional” role to recognise their 

multidimensional and context-dependent impact. 

This conceptual revision was not only methodological, but also reflected the emergent properties of 

the ecosystem under study, where technology, actors, and organisational forms continually co-

evolve in response to crisis conditions. 

 

Figure 1. Thematic map of empirical findings. 

3.4 Trustworthiness 

Researching innovation in the Ukrainian defence sector during an ongoing full-scale war presents 

unique opportunities and considerable challenges. The study addresses a sensitive and highly 
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dynamic context where technological innovation is tightly intertwined with national security, 

urgency, and survival. I adopted a multi-dimensional integrity strategy tailored to the wartime 

research context to enhance trustworthiness across qualitative validity dimensions, including 

credibility, dependability, confirmability, and transferability (Bell et al., 2019). This approach 

integrates conventional principles of qualitative validity and reliability with reflexive attention to 

my positionality. It carefully considers the limitations of the wartime setting and the use of 

secondary interview data. 

Reflexivity and Positionality 

A foundational principle of trustworthiness in qualitative research is reflexivity (Johnson et al., 

2020), the critical reflection on how the researcher’s identity, position, and background may shape 

the process of data collection, interpretation, and representation. As a Ukrainian woman, researcher, 

and observer of the country’s war-driven transformation, I occupy a space of closeness and 

distance. I am not directly embedded in the defence sector, but culturally and emotionally within the 

national wartime context. This duality enhanced my sensitivity to subtle meanings, discursive 

framings, and cultural codes in the data, while also requiring continuous self-awareness to avoid 

projecting assumptions onto interview content. 

Translation and Language Considerations 

Given that all interview data originated in Ukrainian, the language posed a central challenge for 

reliability. I used AI-supported transcription and translation tools (TurboScribe) for initial 

processing, followed by close listening and manual correction of terminology, particularly in cases 

involving military or technological vocabulary. While any translation inevitably involves 

interpretive filtering, this multi-stage review process enhanced fidelity and consistency. 

Where possible, quotes were preserved in their original rhetorical and stylistic tone to reflect the 

speaker’s voice and intent. Nevertheless, I acknowledge that some culturally specific idioms or 

embedded meanings may have been softened or lost in translation. I take full responsibility for 

these limitations and aim to be transparent in how the material was processed. 

Triangulation and Cross-Verification 

To enhance credibility, I used several forms of triangulation. First, the diversity of actors within the 

dataset ensured a plurality of perspectives. The sample included policy leaders, senior military 

representatives, drone manufacturers, funders, university figures, and ecosystem organisers (e.g., 

Brave1 and Tech Forces of Ukraine). This allowed me to explore the defence innovation ecosystem 

from multiple institutional and experiential angles. 

Although triangulation across actor types was achieved, platform triangulation was partial, as most 

data came from two core channels. Nevertheless, their differing orientations — grassroots civic vs. 

official military — ensured valuable contrast in perspective. 
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Second, I incorporated secondary data sources such as official reports, articles, and policy briefs to 

contextualise and validate the interview content. For instance, observations made by interviewees 

regarding the drone industry's pace, regulatory barriers, or ecosystem logic were cross-checked with 

external publications and industry trends. This triangulation reinforced the robustness of several 

patterns, including the state's role, the emergence of open-source culture, and the centrality of 

civilian-military interaction. 

Ethical Considerations 

This study was based primarily on publicly available interviews, podcasts, and analytical materials 

from Ukrainian actors involved in wartime defence innovation. Formal consent procedures were not 

required because these sources were already in the public domain and intended for broad 

dissemination. Nevertheless, ethical care was taken in selecting, interpreting, and citing these 

materials. No private or sensitive data was used. Given the context of war, particular attention was 

paid to not misrepresent or expose individuals in ways that could compromise their safety or 

dignity. All data were stored securely and used in accordance with the university's ethical 

guidelines. As a Ukrainian researcher, I was also aware of my ethical positioning and sought to 

approach the material with critical distance and contextual sensitivity. 

3.5 Limitations  

Despite its strengths, this study has several methodological and contextual limitations. 

Owing to wartime security, logistical, and temporal constraints, the study relies on secondary, 

publicly available expert interviews rather than direct primary data collection. It is one of the key 

limitations of this study. This limited my ability to shape the data collection process, ensure 

alignment with my specific research questions, and follow up on relevant points in real time. As 

Bell et al. (2019) note, secondary analysts may lack the insider's understanding of the context in 

which the data were produced, which can affect interpretation. 

Furthermore, interviews collected by others inherently reflect the original interviewer's priorities, 

framing, and style, not the researcher conducting the analysis. This introduces a mediation layer 

between the participant and my analytical lens, potentially obscuring subtle meanings and 

interpretive opportunities. The lack of direct interaction also limited my ability to read non-verbal 

cues, something Bell et al. describe as essential for deep reflexive understanding and contextual 

interpretation in qualitative research. 

Lastly, conducting interviews myself would have enhanced reflexivity and allowed me to adjust 

questions iteratively, probe for clarification, and engage in sensemaking in the moment, a core 

advantage of primary data collection in qualitative research. 

Second, although I aimed for diversity, selection bias remains possible. A large portion of the 

material was sourced from a few YouTube channels, which, despite their breadth, may reflect a 
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specific worldview or advocacy orientation. I attempted to mitigate this by including interviews 

from different actors and sources, but the potential over-representation of some narratives should be 

acknowledged. 

Third, reliance on translation introduces risks of semantic loss or distortion. Some terms, 

particularly those involving military acronyms, product names, or culturally specific references, 

may have been inadequately captured in English. While I reviewed and corrected where possible, 

complete precision cannot be guaranteed. 

Finally, this study is time-bound. It captures a specific stage in the emergence of Ukraine’s defence 

innovation ecosystem (primarily 2022–2024). The findings are therefore not static or predictive, but 

rather a snapshot of an evolving and unstable system. Future regulatory, technological, or 

geopolitical developments may render some observations obsolete or reframe ecosystem dynamics 

in new ways. 

Transferability and Analytical Contribution 

While this research does not aim for statistical generalisation, it offers analytical generalizability. 

By identifying common themes and patterns, such as the role of crisis in catalysing innovation, the 

importance of cross-sectoral coordination, and the tensions between horizontal and hierarchical 

governance, the study provides conceptual insights applicable to other high-pressure, innovation-

driven contexts. 

The richness of qualitative data, combined with a transparent, reflexive, and theoretically informed 

methodology, ensures that the study contributes to academic literature and practical understanding. 

In particular, it sheds light on how wartime conditions shape innovation ecosystems — not only 

through urgency and necessity, but also through mobilising non-traditional actors, open-source 

practices, and civic energy. 

 

Fog of War and the (In)Visibility of Innovation 

A critical limitation of this study is the inherent opacity of innovation processes in wartime settings, 

where not all developments are observable, recordable, or openly discussed. The classical concept 

of the fog of war, used initially to describe battlefield unpredictability, also applies to knowledge 

flows, evaluation mechanisms, and public visibility of innovation during conflict. As Kunertova and 

Herzog (2024) argue, even advanced technologies such as drones and AI have not lifted this fog. 

Instead, they have intensified the uncertainty around how innovation is produced, assessed, and 

diffused: 

“Exaggerated claims about the revolutionary nature of certain weapon systems only serve to 

exacerbate the fog of war”. 

This has direct methodological implications. For instance, patents and codification procedures are 

virtually absent from the empirical material I analysed. This reflects a broader national pattern: 
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according to the World Intellectual Property Organisation, Ukrainian actors filed only four drone-

related patents between 2022 and 2024, compared to more than 340 filed by Russia during the same 

period (Voice of America, 2024). Although Ukraine’s Ministry of Defence publicly celebrated its 

first military patent in late 2024—a battlefield anti-drone system called Vitryak M—such cases 

remain exceptional and symbolic (Ministry of Defence of Ukraine, 2024). 

 

Furthermore, certain information is likely kept confidential for security reasons, while other data 

may be intentionally de-emphasised or distorted through narrative framing. Thus, my research 

inevitably captures only a partial and present-facing view of Ukraine’s defence innovation 

ecosystem. Much of what remains hidden or informal could become clearer over time. 

From a reflexive perspective, I have accepted these constraints as part of the reality of research. 

Rather than treat them as failures or gaps, I see this work as a snapshot in time, grounded in the 

ecosystem's visible, traceable, and narratively available elements. This situated perspective offers a 

starting point for tracking further developments, institutionalisation processes, and theoretical 

elaboration as Ukraine’s innovation ecosystem continues to evolve. 

 

4. Empirical Findings and Analysis 

4.1 Conceptualising Ukraine’s Defence Innovation Ecosystem 

While the term defence innovation ecosystem is increasingly used in policy and strategic discourse, 

it remains under-defined in academic literature, particularly in the context of crisis-driven, bottom-

up emergence. In the Ukrainian case, the ecosystem includes traditional actors (state institutions, 

defence firms, research centres) and various civic, volunteer, and small-scale technological agents 

operating in direct feedback loops with military users. The ecosystem is shaped not by long-term 

industrial planning but urgent wartime improvisation and distributed coordination. 

Existing theoretical models provide partial guidance. National Innovation System (NIS) literature 

offers institutional grounding but assumes stability and top-down governance. Defence innovation 

frameworks, such as Cheung’s (2021), address actor networks under geopolitical pressure but still 

focus on formal coordination and strategic control. Ukrainian academic contributions, such as 

Davymyuka (2024), offer system-level perspectives rooted in the defence-industrial complex but do 

not capture the full civic and horizontal dynamics. 

 

In recent years, Ukrainian academic literature has begun to address the concept of a defence 

innovation ecosystem. One example is the work of S. A. Davymyuka (2024), who defines the 

ecosystem of the defence industrial complex as: 
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“a set of organisational, structural, and functional components (institutions) and their relationships 

involved in the creation and application of scientific knowledge, technologies, and innovative 

solutions, which define the legal, economic, organisational, and social conditions for the innovation 

process and support innovation activity at the level of individual defence enterprises as well as the 

national defence industry, based on principles of self-organisation.” (Davymyuka, 2024, p. 19) 

While this definition offers a solid institutional and systemic starting point, it focuses primarily on 

the defence-industrial sector (ОПК). It does not fully capture the broader, distributed nature of 

Ukraine’s contemporary wartime innovation reality. It is grounded in formal institutional logic, 

assumes industrial planning, and lacks analytical tools to account for crisis-driven improvisation, 

grassroots volunteerism, and peer-to-peer production networks, which are central in Ukraine’s 

current case. In practice, the ecosystem is far less hierarchical and more fluid than this framework 

suggests. 

In contrast, Tai Ming Cheung (2021) offers a more adaptive and flexible conceptualisation of 

defence innovation. He defines a defence innovation system as:” the set of actors, networks, and 

institutions involved in the generation, development, production, and integration of military-

relevant technologies and capabilities, shaped by political, strategic, and economic contexts.” 

(Cheung, 2021) 

Cheung’s framework emphasises actor diversity, multi-level interaction, and sensitivity to 

geopolitical and crisis conditions. However, while his model is broader, it is still oriented primarily 

around state and military strategy and does not fully explore horizontal, civil-society-driven 

innovation logics. 

A more practice-oriented view of Ukraine’s ecosystem has emerged in recent reports and analytical 

studies. According to EY & Brave1 (2024): “The Ukrainian defence innovation ecosystem consists 

of over 500 active players, including start-ups, state actors, and civic organisations working 

together to respond to operational military needs.” (EY/Brave1 Report, 2025, p. 8) 

Similarly, the MIT & KSE analysis (Ostafiichuk et al., 2025) describes Ukraine’s system as: 

“a multi-actor wartime ecosystem with strong civil–military integration and high tolerance for 

speed, risk, and bottom-up experimentation.” (Ukraine Drone Ecosystem Analysis, 2025) 

These more empirical, policy-based definitions recognise the crisis context, civic agency, and the 

spontaneous self-organisation characterising Ukraine’s defence innovation trajectory. 

 

Therefore, this study adopts a hybrid approach: I propose a working definition synthesising 

theoretical insights with empirical observations of Ukraine’s wartime ecosystem. The goal is not to 

impose a fixed typology, but to develop a pragmatic conceptual frame that reflects the specific 

structure, logic, and trajectory of innovation as it currently unfolds in Ukraine. This definition 

serves as an analytical boundary marker and a lens for empirical interpretation throughout the study. 
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Bringing these perspectives together, this thesis adopts the following working definition: 

Ukraine’s defence innovation ecosystem is a dynamic, multi-actor system that emerged under 

wartime pressure to develop, produce, test, and scale defence technologies. 

It integrates formal state institutions, civilian tech actors, frontline users, volunteer networks, and 

funding platforms into a highly adaptive structure. 

Rather than being centrally planned, the ecosystem is shaped by crisis dynamics, peer-to-peer 

coordination, and user-driven feedback loops, operating in a logic of urgency and distributed 

innovation. 

This definition reflects theoretical insights (from systems and ecosystem literature) and grounded 

empirical findings from the Ukrainian context. 

Unlike traditional military-industrial complexes, Ukraine’s defence innovation ecosystem is not 

driven by centralised planning or legacy defence contractors. Instead, it comprises a decentralised 

and interdependent network of actors—from drone start-ups and volunteer organisations to 

ministries and international partners. This structure follows the actor segmentation proposed in the 

MIT–KSE working paper, which outlines five key groups: (1) innovation-driven enterprises (IDEs), 

particularly drone start-ups; (2) risk capital and donors; (3) government and military institutions; (4) 

universities and technical education actors; and (5) large corporations, both defence and non-

defence affiliated (Ostafiichuk et al., 2025). 

Following this structure, the Ukrainian defence-tech ecosystem integrates civic society as a support 

mechanism and often as a direct co-producer of technologies. Volunteer groups such as Come Back 

Alive and the Prytula Foundation played a critical role by sourcing user feedback, coordinating 

procurement, funding prototyping, and enabling real-time battlefield adaptation. 

According to the Ukraine Drone Ecosystem Analysis, this innovation landscape is best described as 

a “multi-actor wartime ecosystem with strong civil–military integration and high tolerance for 

speed, risk, and bottom-up experimentation” (Ostafiichuk et al., 2025, p. 4). 

Moreover, these civic contributions are not peripheral but embedded in the system’s DNA. As 

Cronin (2023) argues, open-source approaches and public–private collaborations are essential to 

Ukraine’s strategic innovation resilience, enabling tactical agility and distributed ownership of 

technology development. 

 

4.2 Theme 1: Multiple Roles of Drone Technology 

Empirical Data 

The rapid proliferation of drones in Ukraine’s defence sector enabled the unprecedented entry of 

civilians and new actors into the innovation process. As one interviewee recalled, “We were 

essentially civilian people when we came, not as I say now that we are military-minded after these 
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10 years of work” (Berlinska & Vyunnyk, 2024). The low barriers to participation further amplified 

this accessibility - “the threshold of entry is also low… everyone who wanted to make money in 

defence learned how to collect FPV from Chinese spare parts” (Semenova, 2024). 

Drones also provided legitimacy to informal and volunteer actors, turning “kitchen workshops” and 

chat groups into key innovation sites. As Chernogorenko notes, “The military constantly uses 

volunteers, charitable foundations, people who know how drones work… and do such decentralised 

actions.” These informal structures enabled dense communication and collaboration channels— 

“Now everyone in Ukraine has friends who… collect some FPV drones somewhere in the 

kitchen… friends from business…” (Berlinska & Azhnyuk, 2024). 

Over time, drones served as a coordination point across otherwise fragmented sectors. This effect is 

evident in the emergence of networks linking hundreds of manufacturers, state agencies, and 

frontline users: “We gathered manufacturers… we systematised all the problems… Today, more 

than 200 companies produce UAV” (Fedorov, 2024). This collective focus generated a new 

urgency, uniting engineers, volunteers, and military users around common production and 

operational goals: “Now we see more than 2,000 teams… doing some kind of innovation in 

defence… This is Ukrainian R&D. These are Ukrainian entrepreneurs, who will eventually reinvest 

this money in Ukraine” (Azhnyuk, 2024). 

Direct battlefield feedback became an everyday part of this innovation cycle: “You finish collecting 

the drone today… in the morning, it is already somewhere in the frontline, and the next day… You 

were sent a video with the results and comments. Such a speed of iteration is impossible to imagine 

anywhere” (Azhnyuk, 2024). Manufacturers and frontline users established communication loops 

that enabled real-time product refinement and trial-and-error learning: “We entered into interaction 

with the manufacturer, created communication channels, tested, checked every day…” 

(Mishchenko, 2024). 

Drone platforms soon integrated new layers of complexity, becoming vehicles for artificial 

intelligence, advanced communications, and electronic warfare: “We are at the forefront of… 

artificial intelligence systems for defence technologies… a bizarre mix of the past and the future” 

(Berlinska & Azhnyuk, 2024). Their modular design allowed flexible adaptation to various 

missions and use-cases: “It can be used in different situations, at different distances, and, 

importantly, for different purposes” (Knyazhenko, 2024). 

The ecosystem supported both the scaling up of manufacturing and the bypassing of traditional 

procurement obstacles: “The Ministry of Defence… contracted this year 1.6 million Ukrainian 

drones… Almost everything can be produced without China” (Verkhovodov, 2024). Informal actors 

moved faster than regulatory frameworks: “You do not need any permits for this, licenses or 

something else, this is an absolutely unprecedented phenomenon” (Azhnyuk, 2024). The state, 

initially peripheral, was forced to adapt and recognise new forms of innovation: “We see people 
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coming from IT, from marketing, from agriculture, and they are suddenly making components or 

managing logistics for drones. There are no borders between who can help the army and create 

technology.” (Kushnerska, 2024) In this way, drones fundamentally redefined who was allowed and 

able to innovate in national defence. 

Analysis 

A single theoretical label cannot capture the role of drones in Ukraine’s wartime defence innovation 

ecosystem. Drones have transformed the battlefield and reshaped entire societies; their influence is 

multifaceted and dynamic, fundamentally altering military doctrine in ways that inevitably 

reverberate through the broader defence innovation ecosystem (Molloy, 2024). As established in the 

literature review, defence innovation ecosystems traditionally rely on enabling or driving 

technologies that facilitate collaboration, reduce barriers, or initiate structural change (Mazzucato & 

Penna, 2015; Suseno & Standing, 2018; Wickramarachchi, Kaushik, & Goh, 2024). 

Empirical data from Ukraine, however, reveal that drones played multiple, interlocking roles. Most 

visibly, they enabled the entry of civilians and non-traditional actors into defence innovation. This 

entry was not only allowed but rapidly legitimised and scaled, as civilian engineers, volunteer 

groups, and small private firms moved into spaces traditionally controlled by state defence actors 

(Berlinska & Vyunnyk, 2024). The accessibility and modularity of drone technology lowered the 

barriers to participation and production, as one interviewee explained, “the threshold of entry is also 

low… everyone who wanted to make money in defence learned how to collect FPV from Chinese 

spare parts” (Semenova, 2024). 

This rapid inclusion of informal actors was more than an accidental by-product. Drones provided 

legitimacy to informal and volunteer networks, quickly becoming central sites for innovation. 

Volunteer workshops, chat groups, and Telegram channels supported experimentation, knowledge-

sharing, and resource pooling, thus stimulating informal communication and collaboration channels 

across society (Berlinska & Azhnyuk, 2024). In effect, drone technology created a new arena for 

collaboration, turning “kitchen workshops” into a national innovation backbone and forging peer-

to-peer production relationships previously unseen in the defence sector (CSS, 2024). 

Drones also coordinated across sectors, integrating manufacturers, state institutions, and frontline 

users. This emergent network logic unified the ecosystem, generating a shared sense of urgency and 

focus among otherwise disparate actors (Azhnyuk, 2024). Interview evidence shows that more than 

2,000 teams were drawn into innovation, prototyping, and rapid manufacturing, illustrating how 

drone technology acted as a magnet and amplifier for collaborative action. 

One of the most distinctive features of the Ukrainian drone ecosystem is its real-time battlefield 

feedback and rapid product iteration. Communication between frontline users and developers 

became continuous, with new models tested, modified, and deployed in a few days. This highly 
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accelerated feedback loop facilitated trial-and-error learning and allowed the ecosystem to evolve at 

a pace unmatched by state-run or centrally planned systems (Matlack, Schwartz, & Gill, 2025). 

Importantly, drone technology enabled the integration of artificial intelligence (AI), 

communications, and electronic warfare (EW) tools. As platforms for advanced capabilities, drones 

brought together cutting-edge engineering and frontline needs, reinforcing Ukraine’s rapid 

convergence toward next-generation military technology (Berlinska & Azhnyuk, 2024). 

Beyond technical innovation, drones allowed for flexible deployment across multiple use-cases, 

from reconnaissance and strike missions to communications relays and supply drops. Their 

adaptability meant that traditional boundaries between roles blurred: the same platform could be 

rapidly reconfigured, embodying the flexibility of Ukraine’s defence ecosystem (Knyazhenko, 

2024). 

Drone innovation was also uniquely scalable and resilient. Domestic manufacturing grew from 

informal workshops to industrial scale - by 2024, over 330 drone models had been certified and 

more than 1 million units produced annually (EY & Brave1, 2024; Tunik-Fryz, 2025). Crucially, 

this scale was achieved by bypassing formal procurement and certification processes. Many actors 

described a complete lack of barriers - “you do not need any permits for this, licenses or something 

else, this is an absolutely unprecedented phenomenon” (Azhnyuk, 2024). 

The dynamism of the drone sector pressured state actors to recognise and eventually engage with 

informal innovation structures. Initially, volunteer procurement and development outpaced state 

involvement, with programs like Brave1 and formal Ministry of Defence contracts only emerging 

after volunteer networks had already shaped the core of the ecosystem (Berlinska & Vyunnyk, 

2024). 

Ultimately, this convergence redefined who is allowed to innovate in national defence. As one 

interviewee summarised, “Now everyone in Ukraine has friends who, at least, collect some FPV 

drones somewhere in the kitchen… friends from business…” (Berlinska & Azhnyuk, 2024). The 

ecosystem is now characterised by “an ecosystem in one room,” where boundaries between state, 

market, and civil society are fluid and porous. 

Critical Reflection 

The Ukrainian case compels us to question established theoretical framings. The “driver” 

perspective—where drones are seen as initiating forces behind the ecosystem—captures only part of 

the story. Indeed, drones catalysed entry, coordination, and rapid scaling, but in classical innovation 

theory, proper drivers are upstream motivators like geopolitical rupture or national policy shifts 

(Mazzucato & Penna, 2015; Suseno & Standing, 2018). In Ukraine, the war itself, not drones, was 

the ultimate driver. Drones were the adaptive response to these conditions, rapidly mobilised by 

grassroots actors (CSS, 2024, p. 15). 
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The “enabler” framing is also too limited. While drones facilitated collaboration and reduced 

transaction costs (Wickramarachchi et al., 2024), in Ukraine, they became active, system-forming 

artefacts, not passive facilitators but shapers of new institutional and operational realities. As Rear 

Admiral Michael Hewitt observed, Ukraine’s drone ecosystem is unique specifically because of the 

“direct connection between the warfighter and the technology.” This dynamic is fundamentally 

driven by necessity and speed: “The speed at which ideas move from the front line to the developer 

and back again is unprecedented, necessity and urgency drive this process in ways we simply have 

not seen in classic defence innovation settings” (Matlack, Schwartz, & Gill, 2025, p. 9). Drone 

technology shaped the ecosystem just as the ecosystem shaped the drones—a co-evolutionary 

dynamic. 

Moreover, organisations such as Come Back Alive and individual actors like Serhii Sternenko 

became logistical backbones, establishing channels for real-time feedback, product testing, and even 

battlefield repairs, thus institutionalising informal mechanisms of civilian–military co-creation 

(Berlinska & Vyunnyk, 2024). These volunteer networks and individual actors leveraged their 

flexibility to create feedback systems where, as soon as a drone broke or an operator had a new 

idea, it could be implemented or repaired through direct communication with developers—an 

ecosystem built on trust, improvisation, and immediate action. 

As Ihor Lutsenko highlights, despite drones receiving less than 1% of Ukraine’s defence budget, 

“they have inflicted more than 80% of the damage to enemy forces,” powerfully illustrating not 

only their strategic leverage but their systemic and ecosystemic impact (Lutsenko, 2024). 

Empirical data from Ukraine shows that drone technology and the innovation ecosystem have co-

evolved. Drones shaped new feedback loops, legitimated new entrants, and forced institutional 

adaptation. They restructured the value chain from the bottom up and created new coordination 

logics, transforming the system’s very architecture (EY & Brave1, 2024). As noted by the Centre 

for Security Studies (2024), Ukraine’s “basement workshops” and rapid iteration cycles allowed 

civilian innovation to bypass the bottlenecks of traditional procurement and central planning (CSS, 

2024, pp. 15, 17–19). 

This co-evolution aligns with emerging scholarship that sees technology as a tool and an actor 

within the system (Jacobides, Cennamo, & Gawer, 2018; Nylund et al., 2023). In Ukraine, drones 

have become bifurcation points: central artefacts that do not merely support existing structures, but 

force a reorganisation of actor roles, decision-making processes, and institutional boundaries. 

Thus, the Ukrainian case advances a more nuanced, empirical framework: drones as system-

forming technologies. This is a marked departure from classic innovation models, where state or 

corporate actors drive and orchestrate change (Mazzucato & Penna, 2015). Here, the artefact itself, 

shaped by crisis, necessity, and civilian innovation, becomes the centre of an emergent, horizontally 

coordinated ecosystem (CSS, 2024; Matlack et al., 2025). 
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This insight pushes theory and practice: Ukraine’s experience demonstrates that in contexts of acute 

crisis, certain technologies can act simultaneously as connectors, accelerators, and restructuring 

forces within innovation ecosystems. Their role is not fixed but evolves alongside actor capabilities 

and ecosystem needs, suggesting a new way to conceptualise technological agency in wartime 

innovation. 

4.3 Dynamic Actor Roles and Ecosystem Coordination 

Empirical Data 

Traditionally, defence innovation ecosystems are characterised by clearly defined roles among 

institutional actors: the state acts as a regulator and primary funder, the military serves as the end-

user, and universities provide foundational research and human capital (Etzkowitz & Leydesdorff, 

2000; Hartley, 2011; Cheung, 2021). Private industry typically engages in product development and 

commercialisation, following state-driven procurement processes (Calcara et al., 2023). In contrast, 

the Ukrainian wartime defence innovation ecosystem diverges significantly from these traditional 

frameworks, displaying emergent roles, fluid boundaries, and highly decentralised governance 

mechanisms. 

The lines between military, civilian, state, and private roles were often blurred. Developers, drone 

pilots, and even civil volunteers took on hybrid responsibilities. Mishchenko noted: 

“you can come and be a specialist in the army in the same way. ... any person who is engaged in 

anything in civilian life, either repairs cars, or shoots videos, or makes websites, there is work. 

Because even though there is a small section of our UAV, we needed analysts.” (Mishchenko, 

2024) 

Such role fluidity helped speed up problem-solving, but also complicated standard procedures. 

 

Military: From Passive End-user to Co-innovator 

Code: From Passive End-user to Co-innovator Ukraine’s military has transitioned from passive 

recipients of new technology to active in defence innovation. Unlike the traditional top-down 

approach, soldiers and commanders now shape the direction of technological change through direct 

involvement and hands-on experience: “We had a situation where the developer and the soldier 

could call each other directly, and discuss what was working and what was not. This allowed us to 

make changes to the drone almost immediately, sometimes even while it was still being used on the 

front.” (Verhovodov, 2025) 
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“Some teams on the front created their technical groups, so if something broke, they did not wait for 

the factory — they fixed and even upgraded drones locally. Sometimes their fixes became the new 

standard.” (Mykhalko, 2024) 

Code: Tactical Drivers of Technological Demand 

Battlefield realities and urgent operational needs have become the main drivers for technological 

advancement. Military units are no longer mere adopters of external innovation, but actively set 

priorities for development based on tactical requirements: “Previously, the military was told what to 

use; now we are seeing the opposite: the front sets the trends and priorities for what should be 

produced.” (Verhovodov, 2025) 

“At the brigade level, there are people responsible for drones who communicate directly with 

manufacturers, and sometimes they even bring their blueprints and ask: ‘Can you build this for us?’ 

This didn’t exist before.” (Fedorov, 2024) 

Code: Field Feedback as Part of Development Process 

Rapid, informal feedback from the battlefield has become integral to the innovation cycle. 

Prototypes are field-tested and refined in close dialogue with frontline users, making the feedback 

loop immediate and highly iterative: “We tested the first samples right in the field, and very often 

the pilots themselves pointed out what should be improved... It was not a closed lab, it was an 

ongoing dialogue.” (Vyunnyk, 2024) 

“We were amazed how some of the most effective technical solutions came from informal 

Telegram chats between operators, rather than from official technical documentation.” (Mykhalko, 

2024). 

These empirical insights demonstrate a clear evolution in Ukraine’s defence sector: the military has 

become a true co-innovator, with tactical demand and real-time field feedback as critical 

technological progress engines. This dynamic process is distinct from traditional, centrally 

coordinated models. 

 

State: Adaptive and Partial Orchestrator 

Code: Initial institutional weakness and lack of orchestration 

Interviewees consistently described the state’s early wartime role as weak and mostly absent from 

direct orchestration. Several respondents noted that the absence of centralised bureaucracy enabled 

new actors to innovate quickly. Kateryna Mykhalko remarked, “The state, at least, did not get in the 

way.” (Mykhalko, Technological Forces of Ukraine, 2024) 

Mikhailo Fedorov highlighted the lack of formal institutional infrastructure when the war began, 

saying, “When we started Brave1, there was no infrastructure. But we had to act fast... We didn’t 

build a hierarchy, we built a network.” (Fedorov, 2024) 
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Respondents described this period as one of rapid peer-to-peer experimentation and informal 

coordination, made possible precisely because the state was “not in the way.” 

Code: Emergence of selective coordination 

As the ecosystem matured, interviewees noted that new forms of state coordination started to 

appear, primarily through Brave1 and the Army of Drones programme. This coordination was 

partial and adaptive rather than systemic. As Fedorov noted, “We didn’t build a hierarchy, we built 

a network.” (Fedorov, 2024) 

However, several voices highlighted the growing need for greater leadership and integration. 

Oleksii Babenko said, “To make a technological breakthrough, we need to get rid of incompetence 

in the state and the army… The state apparatus is unable to keep up with the pace.” (Babenko, 

ProUA, 2024) 

Natalia Kushnerska mentioned persistent gaps between ministries: “Some of these projects never 

make it past testing because the Ministry of Defence does not have a clear route to 

implementation.” (Kushnerska, Do Zbroi!, 2024) 

Code: Co-existence of regulation gaps and experimentation 

Regulatory gaps enabled flexible, rapid field testing and allowed non-traditional actors to 

contribute. As Azhnyuk put it, “The regulatory situation is such that it is extremely cool to test all 

types of equipment.” (Azhnyuk, 2024) 

However, regulatory and institutional barriers persisted, especially regarding investment and 

procurement. Azhnyuk also observed, “It is simply impossible to make investments in a Ukrainian 

company now... due to lack of rule of law.” (Azhnyuk, 2024) 

Oleksandr Yakovenko pointed out access inequalities: “Our production grew, but we still don’t 

know how to access large contracts… sometimes it is just who you know.” (Yakovenko, ProUA, 

2024) 

 

Universities: Peripheral but Evolving 

Code: Institutional inertia and systemic barriers 

Ukrainian universities have long suffered from post-Soviet inertia, underfunding, and politicised 

management, severely limiting their role in defence innovation. As Ksenia Semenova, the National 

Aviation University (NAU) rector, explains, “Universities are very inert structures. They did not 

adapt to the market economy or new processes. There is already a demand for engineering 

education… but the old system can’t work anymore.” (Semenova, 2024) 

The legacy of outdated governance meant that vital academic talent was lost and promising research 

initiatives were abandoned: “Those teachers who were the bearers of these scientific schools, 

knowledge, and worked all over the world… left the university. Those scientific projects that they 
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started were not supported. No one was interested in grants. All outside initiatives were banned.” 

(Semenova, 2024) 

Structural resource gaps and outdated curricula also remain significant barriers: “There is 

fundamental skill in aerodynamics, composites, electronics, but not enough understanding of the 

current technology, where it can be applied, how it all fits together… the material basis of the 

modern state at the university is not enough.” (Semenova, 2024) 

The result is a chronic “talent drain” as students and young faculty leave for industry or 

opportunities abroad. 

Semenova underscores a persistent communication gap between academia and the state: 

“Universities cannot talk to the state in the language of strategy. They talk in the language of 

regulation and money.” (Semenova, 2024) 

This disconnect prevents systematic integration of academic research into defence innovation 

pipelines and reinforces a fragmented ecosystem. 

Code: Emergent tactical roles (labs, training, partnership) 

Despite these constraints, wartime necessity has driven some universities to reposition themselves 

as more tactical contributors. NAU and other institutions have begun providing infrastructure, such 

as aerodynamic pipes and specialist laboratories, to support R&D for domestic defence producers: 

“To buy an aerodynamic pipe for production… that’s stupid. No one will do it. It must be 

somewhere where you can order these services. That’s how it will work.” (Semenova, 2024) 

Timofiy Mylovanov, president of the Kyiv School of Economics (KSE), described the university’s 

shift to more applied, partnership-driven work: “We have a UAV master’s degree. We opened it last 

year, and people are starting to design drones there. I would like to open a master’s in robotics… 

We already have contracts with top engineering schools around the world.” (Mylovanov, 2024) 

Such tactical adaptation now includes training but also the creation of new labs, expanded 

international collaborations (e.g., ETH Zurich), and participation in industry partnerships. 

 

Code: Dual-use initiatives and future potential 

Universities have started experimenting with dual-use innovation, creating prototypes for military 

and civilian markets. However, as Semenova notes, “The university creates prototypes that can be 

adapted for civilian markets, but there is no systematic support or industrial integration yet.” 

(Semenova, 2024) 

While some leaders are optimistic about a future where universities become “engineering 

incubators,” the consensus is that major governance reform is still needed: “The University is a 

state institution now. Can they be not state institutions, but state enterprises? Yes, they can. This is 

what European partners say, American partners say… Like those reforms that were carried out in 

Naftogaz, for example… they should also be applied to education.” (Semenova, 2024) 
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Mylovanov highlights the drive and ambition of students: “It took 10 years of war to come. It is 

necessary to show that you can achieve results. Moreover, students are cool. They are interested. 

They want to make robots… to build the economy. Some future companies, factories, 

organisations… This is all very high-tech Ukraine. It is possible. People want to do it.” 

(Mylovanov, 2024) 

 

 

 

 

Hybrid and multi-functional actors 

Code: Volunteers acting as integrators, producers, logisticians 

In Ukraine’s defence innovation environment, traditional boundaries between civic, military, and 

industrial actors have blurred. Volunteers and foundations frequently serve as integrators, 

facilitating the transfer of knowledge, logistics, and material support between domains: 

“I have been a volunteer since 2014, and it was logical to start from that time, and it was 24/7 with 

the military. Moreover, when you communicate with them, and you are 100% focused on their 

needs, you know what they are fighting for, you know what needs they have, and what they interact 

with.” (Yakovenko, 2024) 

Technical specialists, such as drone engineers, collaborate directly with end users, dissolving the 

classic producer-user dichotomy: “Our engineers work closely with drone operators. There is no 

strict division—we all just try to make it work.” (Knyazhenko, 2024) 

Code: Entrepreneurial/Startup Role 

Respondents described how the war spurred the rapid emergence of new private drone 

manufacturers, technology startups, and small teams, often founded by individuals with little prior 

experience in the arms industry. Many of these startups evolved from volunteer or battlefield 

problem-solving origins, quickly adapting to fill urgent military needs. 

“When the war started, there were just a few companies making drones. By 2023, there were 

dozens, and most of them were started by people who had no previous experience in the arms 

business, but just saw a need and started building.” (Yakovenko, 2024) 

“Some of the best solutions came from small teams or individual enthusiasts who turned their 

battlefield inventions into companies. They could adapt much faster than the big enterprises.” 

(Vyunnyk, 2025) 

Code: Transition from informal roles to formal recognition 

Interviewees also highlighted a trend toward formalising previously ad hoc arrangements. Units 

dedicated to unmanned systems, such as drone platoons and battalions, have emerged within the 
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military structure: “We have large units of unmanned systems... drone platoons, almost 

everywhere.” (Babenko, 2024)  

 

Coordination Mechanisms and Decentralised Governance 

Code: Peer coordination without central control 

Ukraine’s defence innovation ecosystem during wartime is marked by peer-to-peer collaboration 

rather than centralised command. Actors across military, civilian, and private sectors coordinate 

efforts informally, responding directly to urgent battlefield needs: “It’s not a system built from 

above... it grew from need—a situational architecture.” (Mykhalko, 2024) 

“There were no written instructions; everyone experimented with their own methods. Later, we 

started sharing what worked in group chats.” (Verhovodov, 2024) 

This peer coordination enables practical innovation through rapid knowledge sharing, direct 

feedback, and distributed problem-solving, bypassing many of the bottlenecks of traditional 

command structures. 

Code: Urgency-driven tactical alignment 

Wartime urgency drives a high degree of tactical alignment among ecosystem participants. 

Solutions emerge as immediate responses to operational threats and needs, often initiated at the 

frontline: “The anti-drone was developed from the bottom... directly reducing losses.” (Lutsenko, 

2024) 

“No one knew exactly how to organise production or testing at the beginning. We just tried 

different approaches until we found something that worked.” (Vyunnyk, 2025) 

Such urgency fosters an environment where actors align their actions quickly and pragmatically, 

allowing new technologies and practices to be deployed at a pace rarely seen in peacetime settings. 

Code: Ad hoc and iterative governance models 

Rather than following pre-established plans or formal hierarchies, Ukraine’s innovation ecosystem 

governance is often ad hoc and highly iterative. Teams and projects form and evolve based on 

necessity, success, and the lessons learned from field application: “The rules were changing all the 

time. Sometimes what was allowed yesterday is banned today. So, we learned to adapt fast and fix 

problems on the go.” (Yakovenko, 2024) 

“There were no written instructions; everyone experimented with their own methods. Later, we 

started sharing what worked in group chats.” (Verhovodov, 2024) 

This iterative, experimental governance is visible both in the rapid development of new 

technologies and the evolving roles of participants. 
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Analysis 

The empirical evidence shows that actor roles within Ukraine’s defence innovation ecosystem are 

significantly more fluid, hybrid, and dynamically evolving than traditional models suggest. Rather 

than fixed, segmented functions—where the state directs, the military adopts, and universities 

supply knowledge—roles in Ukraine are continuously redefined and negotiated in response to 

battlefield conditions and ecosystem shifts. This directly challenges the assumptions embedded in 

National Innovation Systems (NIS) theory (Mazzucato & Penna, 2015; Hartley, 2011) and the 

Triple Helix model (Etzkowitz & Leydesdorff, 2000), both of which rely on stable institutional 

boundaries and top-down coordination. 

A striking departure from conventional frameworks lies in the military’s active involvement in 

innovation. While Cheung (2021) highlights how, in some systems, military institutions are 

structurally separated from early-stage innovation—acting mainly as downstream adopters—in 

Ukraine, soldiers and commanders have emerged as embedded co-developers. They directly shape 

design specifications, test prototypes, and iterate solutions in combat. This collapses the traditional 

producer–user divide and aligns with ecosystem literature emphasising co-creation, mutual 

interdependence, and iterative feedback loops (Jacobides, Cennamo, & Gawer, 2018). 

 

Start-ups and small-scale producers—more than 400 companies, many emerging from informal 

volunteer activity—have become core drivers of technological adaptation (EY, 2025). These actors 

perform multiple roles simultaneously: designing, manufacturing, delivering, and adjusting drone 

systems and battlefield technologies. Chandler et al. (2018) note that such "distributed emergence" 

occurs when ecosystem roles are not predetermined but shaped through local problem-solving and 

actor interdependence. Ukraine’s case exemplifies this pattern: innovation is not assigned but 

enacted through practice. 

The Ukrainian state has transitioned from passive enabler to selective orchestrator. In the early 

stages of the full-scale invasion, the government’s permissiveness allowed bottom-up dynamics to 

flourish. However, as system complexity grew, the state began building connective infrastructure, 

most notably through platforms like Brave1 and the Army of Drones. These initiatives coordinate 

grant-giving, certification, data collection, and cross-ministerial problem-solving. This trajectory 

reflects ecosystem scholarship that conceptualises the state not as a central planner but as a network 

orchestrator or platform setter, enabling linkages while avoiding rigid control (Mérindol & 

Versailles, 2020; Ghosh et al., 2021). The Ukrainian state’s orchestrating function emerged by 

design and necessity, responding to system fragmentation and accelerating scale. 

 

Universities have played a more limited and reactive role. Long constrained by institutional inertia 

and legacy governance (Acs et al., 2017; Bellais & Guichard, 2020), higher education institutions 
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began forming tactical partnerships and launching applied training programs. Nevertheless, they 

remain weakly integrated into the ecosystem’s core innovation loops. Their role confirms 

Sahasranamam & Soundararajan's (2021) finding that responsiveness depends not only on actor 

diversity but also on institutional agility—a trait still underdeveloped in Ukraine’s academic sector. 

Meanwhile, financial actors have rapidly adapted. Venture and angel investment in defence 

technologies has grown sharply, from $5 million in 2023 to $40 million in 2024, with projections of 

$100 million by 2025 (EY, 2025). This capital infusion reflects increasing investor confidence in 

bottom-up innovation. It supports what Sant’Ana et al. (2020) describe as the movement of 

peripheral actors toward the ecosystem core, reshaping hierarchies through capital flow and 

resource centralisation. 

These developments show that Ukraine’s wartime ecosystem is not a collection of fixed 

institutional actors but a constellation of evolving, overlapping roles. Soldiers become innovators, 

volunteers become integrators, and state actors become platform orchestrators. Coordination is 

often informal, distributed across Telegram groups, peer networks, and field-based learning. While 

this enables rapid responsiveness, it also creates vulnerabilities: fragmentation, duplication, and 

barriers to institutional learning—risks well documented in crisis and innovation ecosystem 

research (Yaghmaie & Vanhaverbeke, 2020; Sahasranamam & Soundararajan, 2021). 

In sum, the Ukrainian case demonstrates that ecosystem roles during crisis are not simply 

reassignments within stable structures—they are themselves emergent, overlapping, and systemic. 

Actor hybridity, decentralised coordination, and functional convergence are not exceptions to the 

rule; they are the rule in high-velocity, crisis-driven innovation environments. This calls for a more 

dynamic and relational approach to ecosystem theory—one that treats roles not as institutional 

facts, but as evolving practices forged in response to pressure, need, and opportunity. 

 

Critical Reflection 

The case of Ukraine’s defence innovation ecosystem invites a reconsideration of foundational 

assumptions in both National Innovation Systems (NIS) theory and contemporary ecosystem 

frameworks. Rather than reinforcing existing models, it highlights where theory falls short, 

particularly in crisis conditions where institutional volatility, actor hybridity, and coordination 

uncertainty persist far longer than dominant frameworks typically allow. 

First, while recent literature recognises the value of distributed and emergent coordination 

(Dedehayir et al., 2018; Chandler et al., 2018), it often assumes that such conditions are transitional, 

leading, eventually, to formalisation and role stabilisation. Ukraine disrupts this logic. The 

persistence of informality, overlapping functions, and tactical role-switching suggests that hybrid 

configurations can become enduring rather than temporary. This challenges the assumption that 

coherence must emerge through hierarchy or structural consolidation. Instead, Ukraine points 
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toward an alternative model of system logic: coherence as dynamic, peer-driven alignment rather 

than formal integration. 

Second, much of the literature conceptualises the state as either a dominant planner or a facilitative 

orchestrator (Mérindol & Versailles, 2020; Ghosh et al., 2021). However, the Ukrainian experience 

reveals a third possibility: a reactive and partial orchestrator that emerges from necessity rather than 

design. While the state succeeded in building connective platforms like Brave1, its delayed 

intervention and fragmented regulatory reach illustrate a conceptual blind spot in existing theory, 

the underestimation of coordination gaps and policy inertia during institutional stress. A more 

accurate account of wartime orchestration would foreground the uneven, negotiated, and adaptive 

nature of state involvement. 

Third, although ecosystem theory increasingly values actor diversity (Sant’Ana et al., 2020), it often 

overestimates institutional agility, especially among legacy actors such as universities. The 

Ukrainian case makes visible a structural rigidity that resists theoretical expectations: academic 

institutions did not pivot rapidly despite urgent societal demand and emerging opportunities. Their 

continued marginality exposes the limits of theoretical models that equate actor presence with 

functional participation. For innovation ecosystems under duress, capacity, not just identity, must 

be placed at the centre of analysis. 

The role of start-ups and informal actors likewise complicates ecosystem assumptions. While their 

rise is often celebrated as a sign of adaptability, Ukraine’s experience suggests that sustained 

informality can generate both dynamism and precarity. The long-term reliance on ad hoc networks 

and volunteer-born enterprises questions the assumption that entrepreneurial activity will 

necessarily “scale into structure.” Instead, it raises the possibility that in certain environments, 

structural integration may remain aspirational, especially when institutional pathways remain weak 

or misaligned. 

Ultimately, Ukraine’s case reveals the need for a more flexible, longitudinal, and crisis-sensitive 

understanding of innovation ecosystems. Actor hybridity, partial orchestration, and institutional 

fragmentation are not anomalies to be smoothed out over time; they may constitute core features of 

how ecosystems function in wartime. Theoretical models must therefore shift from assuming 

convergence and maturity toward recognising persistence in volatility, strategic ambiguity in roles, 

and alternative modes of coordination that defy institutional formalism. 

 

In this sense, the Ukrainian innovation ecosystem does not merely resist traditional models, it 

expands what counts as an ecosystem. It forces us to ask not how systems stabilise, but how they 

survive, adapt, and evolve under prolonged instability. 
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4.5 Theme 3: Ecosystem Characteristics and Challenges 

Empirical Data 

Code: Crisis-formed ecosystem logic 

Ukraine’s defence innovation ecosystem did not arise from structured policy or pre-existing 

institutions. Instead, it emerged reactively under existential threat, shaped by urgent needs and the 

absence of established formal institutional support. As interviewees stressed, “it was volunteers 

who first started building this system. The state joined later” (Berlinska, 2024). Kateryna 

Chernogorenko recalled, “On the first days of the war, my colleague called me, …. I need a drone. 

…I said, Alexei, I'm coming… and then for the first time I thought that such a small thing and quite 

civil can change the course of the war, directly change our traditional military approaches” 

(Chernogorenko, 2024). Bottom-up mobilisation by civil society, volunteers, and early innovators 

defined the ecosystem’s birth, with formal state involvement following only after these grassroots 

processes were established. 

Code: System properties under pressure 

Decentralisation, actor multiplicity, and speed over formalisation defined the system under crisis. 

Direct, horizontal collaboration between developers, users, and funders was common: “People 

wrote code, assembled drones, and tested them in the field sometimes all in the same day. Nobody 

waited for permission or organisational charts” (Azhniuk, 2024). Interviewees reported “dozens of 

cases where people who donated or developed something would also participate in field testing or 

training” (Berlinska, 2024). By early 2024, more than 400 private firms, multiple military units, 

volunteer groups, and universities were engaged in drone development and deployment. Speed and 

flexibility took precedence over bureaucratic process; companies like Athlon Avia delivered 

systems within weeks of the invasion, often without formal contracts. 

Code: Structural and regulatory constraints 

Despite growth and dynamism, persistent regulatory and procedural bottlenecks constrained the 

ecosystem’s full potential. Drone manufacturers described significant underutilisation of their 

capacity due to bureaucratic delays and export bans. As Kateryna Mykhalko explained, export 

procedures are “non-transparent” and often result in “systematic refusals without explanation,” 

restricting international collaboration and R&D investment. Procurement policies remain outdated, 

with non-standardised platforms complicating unified acquisition and support. “Weapons are not 

bread in a supermarket”—drones require integrated support, yet regulatory coordination remains 

fragmented (Mykhalko, 2024). 

Code: Capacity and resource limitations 

The system relies heavily on volunteers and commercial sponsors, masking underlying talent 

shortages and financial instability. Universities have launched practical, operator-focused 



47 

 

programmes in drone and robotics, but there is little investment in foundational research or R&D 

capacity (Berlinska & Milovanov, 2025; Semenova, 2025). Most innovation is designed for 

immediate battlefield needs, with institutional partnerships remaining ad hoc. State procurement 

covers only a fraction of domestic production; of four million drones made in 2024, just 1.2 million 

were purchased by the state (Yakovenko, 2024). Volunteer donations and fundraising fill the 

resulting funding gap, but this model is unstable. Domestic venture funds are small, and 

international investors remain hesitant due to legal and war-related risks, limiting long-term scaling 

and professionalisation. 

Code: Missing institutional consolidation 

Ukraine’s ecosystem remains highly decentralised and reactive, which generates fragmentation and 

duplication of effort. Much progress is grassroots-driven, not coordinated by central doctrine or 

planning. One interviewee noted that “much progress is grassroots-driven, not coordinated by 

central doctrine or planning” (Sukharevskyi, 2025; Chernohorynko, 2024). While initiatives like 

Brave1, the Drone Army, and United24 are beginning to create platforms for coordination and 

procurement, most interviewees stressed these have yet to achieve actual system architect status. 

Security protocols, secrecy, and mobility constraints limit information sharing and institutional 

learning. Developers face instability, frequent relocation, and a lack of cumulative knowledge 

transfer. As Semenova observed, “The ‘shadow of war’ shapes all processes, driving innovation by 

necessity but blocking the formation of professional, stable innovation clusters” (Semenova, 2025). 

 

Analysis 

1. One of the most persistent structural challenges facing Ukraine’s defence innovation ecosystem 

is the lack of a clear, adaptive, and innovation-friendly regulatory framework. Despite the 

significant scaling of domestic UAV production, companies report major obstacles in procurement 

procedures and export regulations. For example, drone manufacturers affiliated with the TechForce 

alliance reported that in 2023, their production capacity was underutilised by 63%, with over 1.7 

million drones left uncontracted due to bureaucratic stagnation or export bans. According to the 

Executive Director of TechForce, Kateryna Mykhalko, current export procedures are non-

transparent and lead to “systematic refusals without explanation” by the State Export Control 

Service, even when applications involve testing drones with EU or NATO partners. This regulatory 

opacity restricts international collaboration and prevents reinvestment into domestic R&D, 

weakening the sector's financial sustainability. 

 

Beyond export restrictions, procurement policies remain outdated and misaligned with the 

dynamics of wartime innovation. The balance between accountability and agility is particularly hard 

to achieve in the Ukrainian context, where under-regulation risks battlefield failures, while over-
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regulation excludes effective but uncertified innovations. As Matlack, Schwartz, and Gill (2025) 

noted, the emphasis on speed and frontline responsiveness has led to a proliferation of non-

standardised drone platforms, each tailored to specific operational pressures but difficult to codify 

into a unified procurement strategy. Interviews with military and private sector representatives 

emphasise the need for procedural flexibility that ensures minimum standards, especially as the 

Ministry of Defence expands certification and testing initiatives via BRAVE1. However, as 

Mykhalko notes, “weapons are not bread in a supermarket”—drones require complex back-end 

integration, training systems, and battlefield maintenance support. The lack of coordinated 

regulatory guidance across these functions is becoming a significant bottleneck for sustainable 

ecosystem development (Mykhalko, 2024). 

2. One of the least discussed yet structurally significant challenges facing Ukraine’s defence 

innovation ecosystem is the weak integration of scientific knowledge and higher education. 

Although multiple universities have launched drone-related educational programmes since the full-

scale invasion—such as Kyiv School of Economics’ master’s programme in UAV design and 

upcoming bachelor’s in engineering (Milovanov, in Berlinska & Milovanov, 2025), or the National 

Aviation University’s renewed focus on avionics, aerodynamics, and composite materials 

(Semenova, 2025)—these initiatives remain primarily practice-oriented. They train operators, 

designers, and integrators, not researchers generating foundational technological advances. Several 

interviewees noted that current university efforts are oriented toward rapid workforce training rather 

than long-term scientific exploration, which is critical for ecosystem resilience and strategic depth 

(Berlinska & Milovanov, 2025; Semenova, 2025). This mirrors Bugayko et al.’s (2024) findings 

that institutionalised R&D capacities remain underdeveloped and fragmented, with most academic-

industrial collaborations occurring ad hoc and without sufficient infrastructure. 

 

The gap between applied training and foundational research is particularly concerning given 

Ukraine’s historically low innovation capacity and systemic underinvestment in science 

(Ostafiichuk et al., 2025). A sustainable defence innovation ecosystem requires more than 

replicating foreign models or scaling existing platforms; it must also generate new knowledge, 

concepts, and materials. This, in turn, demands investment in basic research, long-term staffing 

strategies, and modern research infrastructure—none of which can be rapidly established in wartime 

conditions. Interview evidence suggests that while universities such as KSE, NAU, UCU, and 

Mohylianka have begun to create programmes in robotics, cybersecurity, and microelectronics 

(Semenova, 2025; Berlinska & Milovanov, 2025), these are not yet designed as research-driven 

innovation pipelines. As Hryshchuk et al. (2024) warn, without academic leadership in R&D, 

Ukraine’s defence ecosystem risks remaining dependent on improvisational engineering and 

external suppliers rather than developing a self-sufficient technological core. 
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3. Another central systemic challenge is the lack of orchestration within Ukraine’s defence 

innovation ecosystem. The traits that enabled the ecosystem to thrive under wartime conditions—

urgency, openness, decentralised trust, and horizontal coordination—now pose difficulties for long-

term integration and strategic alignment. As Sukharevskyi (2025) and Chernohorynko (2024) note, 

much of the current progress emerged from grassroots ingenuity and decentralised field adaptation, 

rather than central doctrine or planning. While this distributed model generated rapid and context-

sensitive innovations, it also resulted in fragmentation, duplication of effort, and vulnerability to 

scale failure. Interview data confirms that institutional coordination remains weak, with many 

initiatives still developing parallel without transparent interoperability, unified doctrine, or long-

term technological planning (Sukharevskyi, 2025; Kushnerska, 2025). The result is an ecosystem 

that remains reactive and agile, but not yet structured for sustainability or national integration. 

 

There are, however, emerging signs of institutional orchestration, particularly through the 

leadership of Brave1 and related state-backed platforms. As Kushnerska (2025) highlights, Brave1 

currently hosts over 200 robotic systems projects, many of which have undergone field testing and 

are being codified. Moreover, Brave1 actively facilitates integration between developers, military 

users, and state certifiers. Similarly, initiatives such as United24 and the Ministry of Defence’s 

Drone Army programme have helped streamline procurement, data feedback loops, and capability 

planning (Chernohorynko, 2024). However, despite these promising developments, interviewees 

stress that such platforms must evolve from facilitators into system architects—entities with 

authority and vision to guide doctrinal convergence, technical standardisation, and investment 

prioritisation. Without this shift, the risk remains that ecosystem leadership will stagnate or diffuse, 

undermining Ukraine’s technological asymmetry and its ability to transition from wartime 

improvisation to peacetime resilience. 

Insight: The traits that made Ukraine’s innovation ecosystem effective in wartime — urgency, 

openness, and decentralised trust — now form its principal vulnerabilities in building a sustainable, 

nationally integrated innovation model. 

4. If we look at the statistics on drone production and public procurement in Ukraine, we find that 

out of the estimated four million drones produced domestically in 2024 (with even higher projected 

output), the state has purchased just over 1.2 million. “This means that Ukrainian developers 

receive additional funding from volunteers, fundraising campaigns, and various commercial actors 

who finance specific military units,” explained Yakovenko in a recent interview (Yakovenko, 

2024). This pattern reflects a critical gap in systemic financing. While public procurement covers 

a portion of battlefield needs, a sustainable innovation ecosystem requires much more than 

purchases. As the ecosystem matures, funding needs extend across the innovation lifecycle — from 

early-stage research and development (R&D) to testing infrastructure, production scale-up, export 
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facilitation, and ecosystem coordination. These phases demand distinct financial instruments and 

timelines (Barrot, 2017). However, as noted in Murray Lab’s 2025 analysis, Ukraine’s drone sector 

still lacks both strategic financial planning and access to substantial risk capital, which limits the 

ability of start-ups to transition from prototyping to globally competitive defence platforms (Murray 

Lab, 2025, pp. 18–20). 

 

Verhovodov (2025), partner at the D3 venture fund, explains that even though Ukraine can produce 

up to three million drones annually, the capital available for deep tech ventures—especially in early, 

high-risk stages—remains “very, very small.” Domestic venture funds are typically under $25 

million, while breakthrough innovations require multi-million-dollar backing to mature. 

Meanwhile, most international investors remain cautious due to logistical, legal, and political 

constraints, including wartime uncertainty, restricted exports, and lack of air connectivity. This 

results in a paradox: a high-performing engineering base but insufficient financial infrastructure to 

support scale, standardisation, and export. Without deliberate efforts to attract and deploy risk 

capital through NATO-aligned initiatives, blended finance, or regulatory innovation, the ecosystem 

risks stagnating in an operationally effective but structurally fragile mode (Murray Lab, 2025; 

Verhovodov, 2025). 

5. Another foundational constraint is the structural impact of wartime conditions on the 

functioning and consolidation of Ukraine’s defence innovation ecosystem. Unlike typical tech 

ecosystems, Ukraine’s defence-tech sector operates under extreme secrecy, limited mobility, and 

territorial risk. Sensitive information is often siloed due to classification concerns, reducing the 

potential for horizontal learning and peer-to-peer exchange. International analysts echo this 

observation: a recent CSIS (2024) report on Ukraine’s military innovation ecosystem emphasised 

that fragmentation, urgency, and information compartmentalisation significantly limit coordination 

and long-term innovation planning. As developers like Viyunnyk (2025) and Fedirko (2025) note, 

key processes—such as field testing, product feedback, and user integration—are slowed by 

security procedures, fragmented communication, and the rotating deployment of personnel. 

Moreover, all categories of research and manufacturing cannot legally be conducted near the front 

lines or easily relocated to safer regions. This limits the geographical spread of production and 

constrains innovation clusters from forming and stabilising. As Azhnyuk (2025) observed, Ukraine 

has become a unique live-fire testing ground, but the conditions that make wartime iteration fast 

also prevent many forms of institutional consolidation. 

This “shadow of war” creates a paradoxical innovation environment—one where necessity drives 

speed, but insecurity blocks strategic depth. Military units such as CODE 9.2 (Mishchenko, 2025) 
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or independent drone brigades often manage R&D directly in the field, substituting for the absent 

infrastructure of testing centres, labs, and coordinated industrial support. While this battlefield-

centred model has proven effective in generating tactical solutions, it cannot substitute for the 

cumulative, institutional learning typical of resilient ecosystems. Developers face unstable 

contracting cycles, frequent relocation, and a lack of long-term investment certainty—conditions 

discouraging professionalisation and knowledge transfer (Viyunnyk, 2025; Babenko, 2025). As 

such, Ukraine’s defence innovation ecosystem is not only emergent and decentralised, but also 

structurally precarious—constantly threatened by the conditions that brought it into existence. 

4.6 Synthesis: How the Codes Map to Lifecycle Phases 

While my empirical coding focused on actor roles, forms of coordination, and immediate system 

properties, I incorporate lifecycle analysis in the interpretive section of my thesis. Although the 

lifecycle phases of the ecosystem did not emerge directly as codes from interviews or documents, 

reflecting the present-centred, pragmatic focus of ecosystem participants, their inclusion is crucial 

for several reasons. Lifecycle theory (Moore, 1993; Rong et al., 2015) allows me to situate the 

current crisis-driven, decentralised ecosystem within a broader developmental trajectory, tracing 

how historical legacies and past mobilisation shaped today’s patterns and challenges. This approach 

bridges the gap between micro-level empirical findings and macro-level system analysis, helping to 

explain both the origins of current vulnerabilities and the strategic imperatives for future 

consolidation and sustainability. Thus, even without explicit coding, lifecycle analysis is essential 

for a comprehensive understanding of Ukraine’s defence innovation ecosystem and its prospects for 

resilience and growth. 

4.6.1 Prerequisites for Emergence 

Although Ukraine’s defence innovation ecosystem only took a recognisable form after 2022, its 

foundations were laid well before the full-scale invasion. This early phase corresponds to what 

ecosystem literature defines as the pre-formation stage (Rong et al., 2015; Luo et al., 2014), during 

which dispersed actors begin to mobilise resources, accumulate knowledge, and form rudimentary 

connections, without yet constituting a coherent system. Almpanopoulou, Siedlok, and Tee (2019) 

describe this period as shaped by “prerequisites for emergence”: fragmented incentives, limited 

institutional legitimacy, and weak coordination structures that inhibit collective innovation but 

signal latent potential. 

Empirical accounts from the Ukrainian context align closely with this view. Between 2014 and 

2021, a few drone manufacturers and technologists operated on the periphery of the defence sector. 

Companies such as Athlon Avia, DeViRo, and UkrSpecSystems developed and deployed early 

UAV systems, often improvising with civilian components. Artem Vyunyk of Athlon Avia noted, 
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“we treated every contract as the last one.” This period was defined by minimal coordination, 

precarious funding, and a lack of regulatory clarity. 

However, several underlying conditions created fertile ground for ecosystem emergence. Ukraine's 

IT industry experienced significant growth, with specialists increasing from 244,000 to 285,000 

between 2020 and 2021. The industry also saw a 36% increase in exports during this period, 

reaching $6.8 billion (IT Ukraine Association, 2022). Before 2022, Ukraine had relatively lenient 

regulations concerning unmanned aerial vehicles (UAVs); drones weighing less than 2 kg did not 

require permits, facilitating experimentation and adaptation for dual-use purposes (UAV Coach, 

2022). 

Following the 2014 Revolution of Dignity, Ukraine witnessed a surge in civic engagement. Civil 

society organisations were pivotal in various sectors, including defence innovation. For instance, 

the volunteer drone unit Aerorozvidka, which began as a hobbyist group, developed its drone 

system that was eventually adopted by the Ukrainian military by 2022 (Aerorozvidka, n.d.). These 

structural, institutional, and social conditions collectively formed a proto-ecosystem characterised 

by dispersed capabilities and motivations awaiting catalytic pressure. That pressure arrived in 2022. 

4.6.2 Emergence (Birth) 

The full-scale Russian invasion in February 2022 marked a decisive turning point in developing 

Ukraine’s defence innovation ecosystem. Previously, a fragmented proto-structure rapidly 

transitioned into an emergent system, characterised by improvisation, urgency, and decentralised 

coordination. This aligns with what Moore (1993) and Pombo-Juárez et al. (2017) define as the 

birth phase of ecosystem evolution, where actors experiment with roles and relationships, often 

driven by mission-oriented activity and external shocks. Structures are fluid, and coordination is 

informal (Rong et al., 2015). 

Rather than being designed or orchestrated from above, the Ukrainian defence-tech ecosystem 

began to take shape through bottom-up mobilisation. According to Suseno and Standing (2018), 

emergent ecosystems often develop without central control, driven instead by localised interactions, 

iterative learning, and distributed experimentation. These conditions were visible in Ukraine. 

Volunteers began tinkering with drones after the 2014 Russian aggression. The hobbyist drone unit 

Aerorozvidka developed its drone system, which by 2022 was being used by the Ukrainian military 

(European Council on Foreign Relations, 2023). Civil society actors, military volunteers, and small 

start-ups moved simultaneously to develop and adapt drone technologies in response to front-line 

needs. 



53 

 

Established but previously marginal companies, such as Athlon Avia, could scale operations rapidly 

because of prior investment and readiness. As founder Artem Vyunyk explained, “When the 

invasion happened, we already had many systems at 90% readiness. We were able to deliver 10 

complexes by March 10, 2022” (Vyunyk, Part 1, 2024). These deliveries occurred without 

guaranteed contracts, formal procurement frameworks, or sufficient testing infrastructure. 

This horizontal mobilisation was not an anomaly but a structural feature. As noted in the ECFR 

report, “civil society and front-line units acted as early adopters and validators of drone innovation, 

often bypassing state procedures” (European Council on Foreign Relations, 2023). Many early-

stage actors built ad hoc production and logistics systems using volunteer labour, donations, and 

commercial components. For instance, the Dignitas Fund's “1000 Drones for Ukraine” initiative 

aimed to purchase and provide 1,000 drones to the defenders of Ukraine, who guard and protect its 

borders (Dignitas Fund, n.d.). 

Notably, the state was largely absent from ecosystem coordination in the early months of the 

invasion. While specific regulatory restrictions were relaxed, innovation in 2022 occurred in a 

vacuum of formal governance. In this sense, the Ukrainian case confirms Suseno and Standing’s 

(2018) argument that structure forms through mutual adjustment and shared urgency rather than 

deliberate design in emergent systems. 

Thus, 2022 represents a classic birth phase in structural terms but one shaped decisively by crisis. 

4.6.3 Movement Toward Leadership under Uncertainty 

In classical ecosystem literature, the third phase is marked by the emergence of leadership and 

orchestration (Moore, 1993; Sant’Ana et al., 2020). During this stage, dominant actors consolidate 

influence, set technical and strategic standards, and institutionalise coordination through governance 

mechanisms (Adner & Kapoor, 2009; Tsou et al., 2019). However, in wartime contexts, this 

transition is rarely linear. In Ukraine, by 2024, the defence innovation ecosystem exhibits signs of 

stabilisation and scaling, but its position between expansion and leadership remains fluid and 

contested. 

 

Empirical interviews reflect this ambiguity. When asked “Where are we now?” by Maria Berlinska, 

Artem Vyunyk (Athlon Avia) responded with confidence: “I think the market has already formed. It 

is not a vacuum anymore. And it is not just about drones — the industry is growing more systemic. 

The supply chain is building itself” (Vyunyk, Part 1, 2024). In contrast, Yaroslav Azhniuk (The 

Fourth Law) offered a more cautious view: “We are still just getting started. The ecosystem is not 

mature — you cannot build a global company here yet. The fundamentals — legal protection, 
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logistics, capital flow — are not in place” (Berlinska_Azhniuk, 2024). These divergent assessments 

reflect an ecosystem in transition—partially stabilised but not yet structurally integrated. 

 

Signs of emerging orchestration are visible. The Brave1 platform has become a central innovation 

node, coordinating R&D, connecting developers to the military, and funding early-stage solutions. 

As of mid-2024, it had over 200 projects in its portfolio, including integrated robotic systems and 

advanced drone prototypes (Kushnerska, 2024). Some informants also highlighted Brave1 as the 

natural orchestrator of the ecosystem going forward. Public campaigns like United24 and figures 

like Sternenko continue to shape innovation momentum, though their role may shift as institutional 

frameworks mature. 

However, the pressures of wartime severely complicate this trajectory. Persistent uncertainty, high 

personnel turnover, and uneven regulation create a fragmented environment for scaling. As Cheung 

(2021) notes, in crisis-driven ecosystems, “leadership emerges late and unevenly, often through 

repeated iteration rather than formal designation” (p. 378). In Ukraine, government policy signals a 

desire to consolidate control, but formal leadership and governance structures remain under 

construction. Institutional orchestration parallels grassroots energy, sometimes overlapping, often 

uncoordinated. 

 

Furthermore, structural risks remain. According to Rong et al. (2015b), ecosystems that fail to 

evolve governance capacity beyond expansion risk fragmentation or stagnation. Ukraine’s 

ecosystem currently walks this line: it demonstrates rapid capacity growth and increasing strategic 

ambition, but it still lacks stable mechanisms for export facilitation, risk capital mobilisation, and 

university-led fundamental research. 

Thus, the system in 2024 is best described as occupying a liminal position: it is moving toward the 

leadership phase, but remains constrained by crisis conditions and internal asymmetries. Its future 

depends on whether emerging orchestrators—such as Brave1—can sustain their legitimacy and 

scale their integrative function beyond short-term military needs. 

5. Discussion 

5.1 Revisiting the Research Questions 

Research Question 1: What role did drone technologies play in the emergence and evolution of 

Ukraine’s defence innovation ecosystem? 

This study suggests that drone technologies' role in Ukraine’s defence innovation ecosystem is 

inherently multiple and dynamic. Rather than fitting neatly into a single theoretical category such as 

“driver” or “enabler” (Cheung, 2021; Suseno & Standing, 2018), drones operated across a spectrum 

of functions and meanings, often simultaneously. In some contexts, drones acted as catalysts for 
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civilian entry into defence innovation, lowering barriers for new actors and facilitating rapid, 

bottom-up mobilisation. In other situations, they provided a focal point for cross-sectoral 

coordination, informal feedback loops, and peer-to-peer learning. Drones sometimes helped 

legitimise volunteer actors and accelerate the integration of cutting-edge technologies such as AI 

and electronic warfare tools. Their ubiquity and adaptability allowed them to connect fragmented 

efforts and enable new forms of collaboration and experimentation, especially under the urgent, 

uncertain war conditions. 

 

Importantly, this multiplicity of roles defies simple categorisation and suggests that technological 

agency is not fixed, but constructed and reconstructed through the interplay of crisis dynamics, 

actor strategies, and ecosystem needs. This finding aligns with ecosystem theory, which emphasises 

the co-evolution of technologies and actor networks, and the emergence of system-defining roles 

through practice rather than prescription (Jacobides et al., 2018; Valkokari et al., 2017). Thus, the 

role of drones in Ukraine’s wartime innovation ecosystem should be understood as plural, flexible, 

and contingent, shaped by both opportunity and necessity. 

This study explored how wartime conditions facilitated the emergence and development of a 

defence innovation ecosystem in Ukraine, focusing on the role of drones and the ecosystem’s 

coordination dynamics. The findings suggest that the war was the primary driver of ecosystem 

formation. It was a critical disruptive force that triggered bottom-up mobilisation among 

fragmented actors, compelling informal groups and legacy manufacturers to respond to an 

existential threat. This supports broader claims in the literature that crises can catalyse the formation 

of innovation logics (Bessant et al., 2012; Nylund et al., 2023). However, the Ukrainian case also 

illustrates that emergence requires more than disruption; it also depends on the availability of 

enabling capabilities, pre-existing social capital, and a central technological focus. 

 

In this ecosystem, drones functioned not so much as the driver of ecosystem emergence, but as the 

central organising technology, a “bifurcation point” around which actors aligned, coordinated, and 

innovated. They were widely accessible, adaptable, and demanded by frontline units, which gave 

them an outsized role in shaping actor interaction and system architecture. The drone sector helped 

consolidate dispersed innovation into a recognisable ecosystem, yet its structural coherence was 

fundamentally shaped by war-induced urgency rather than strategic planning (Suseno & Standing, 

2018; Cheung, 2021). 

 

The second sub-question concerned the structural dynamics of coordination. Initial findings reveal 

that Ukraine’s ecosystem began with horizontal mobilisation, enabled by civic networks, informal 

military feedback loops, and volunteer-driven logistics. By 2023–2024, however, a hybrid pattern 
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of coordination emerged. On the one hand, platforms like Brave1 and public campaigns like 

United24 introduced new forms of institutional brokerage and selective orchestration (Kushnerska, 

2024). On the other hand, grassroots actors retained significant autonomy and innovation capacity. 

This confirms Dedehayir et al.'s (2018) insight that emergent ecosystems often contain overlapping 

coordination modes. However, unlike conventional ecosystems, Ukraine’s wartime environment 

inhibits the stabilisation typically associated with this phase. 

 

5.2 Theoretical Reflections 

Rather than extending existing lifecycle or crisis-based models, this study demonstrates that 

Ukraine’s case reveals structural tensions in applying these frameworks to defence ecosystems 

under extreme disruption. Most innovation ecosystem literature assumes pre-existing institutional 

baselines or gradual development processes (Letaifa, 2014; Moore, 1993). In contrast, the Ukrainian 

ecosystem emerged through accelerated, decentralised responses to an existential threat, where 

innovation logics were driven not by policy design but by battlefield necessity and distributed 

improvisation. 

Second, Ukraine’s defence ecosystem departs from the canonical lifecycle trajectory of birth, 

expansion, leadership, and renewal. Instead, it exhibits non-linear phases of mobilisation, 

contraction, and contested coordination modes. This aligns with Sahasranamam and 

Soundararajan's (2021) claim that ecosystems formed under emergency conditions often evolve 

through fragmented, adaptive, and responsive pathways rather than predictable growth curves. In 

Ukraine, the mix of grassroots dynamism and selective state orchestration created overlapping 

governance mechanisms that remain unsettled. 

Rather than proposing a new theoretical model, this thesis suggests the need for more context-

sensitive and temporally flexible applications of ecosystem frameworks. In conditions of sustained 

crisis, assumptions embedded in NIS theory, such as role stability, hierarchical leadership, or 

institutional clarity, fail to account for blurred roles, co-evolving actor networks, and asymmetric 

coordination. The Ukrainian case thus contributes to the growing body of work advocating for 

relational, dynamic, and crisis-attuned understandings of innovation ecosystems. 

 

5.3 Practical Implications 

The findings underscore the tension between ecosystem agility and structural incompleteness for 

Ukraine. The system’s capacity for rapid mobilisation and decentralised innovation has been 

extraordinary. However, its long-term sustainability remains uncertain due to persistent gaps in 

formal coordination, institutional legitimacy, and regulatory infrastructure. 
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Institutional actors such as the Ukrainian state and universities have yet to fulfil key roles in early-

stage R&D, dual-use policy development, or export governance. Their future participation should 

be reimagined not hierarchically, but as enabling orchestrators within a decentralised system—a 

function increasingly recognised in ecosystem research (Mérindol & Versailles, 2020; Ghosh et al., 

2021). 

As informal networks and grassroots innovation remain critical to responsiveness, future policy 

must aim for alignment between bottom-up capabilities and institutional frameworks. This includes 

regulatory agility, procurement reform, cross-sector data integration, and financial instruments 

tailored to dual-use and early-stage technologies. 

 

Ukraine’s experience shows that emergent defence ecosystems can arise without top-down 

planning, driven by civic engagement, shared threat perception, and technology convergence, for 

other countries. However, sustaining such systems post-crisis will require strategic investment and 

governance redesign, without undermining the agility that made them successful. 

 

5.4 Strategic Futures 

While this study shows that Ukraine’s defence innovation ecosystem is presently defined by 

decentralised, crisis-driven coordination, recent institutional developments suggest a possible 

transition toward a mission-oriented configuration in the postwar period. Initiatives such as Brave1, 

United24, and the Win-Win Strategy (2024) signal a shift toward more structured national 

innovation agendas, accompanied by emerging governance functions like Chief Digital 

Transformation Officers (CDTOs). 

Mission-oriented innovation ecosystems (MOIEs) require deliberate goal-setting, institutional 

capacity, and portfolio-based coordination mechanisms (Mazzucato, 2018; Wanzenböck et al., 

2020). Ukraine’s wartime innovation environment lacks these elements in their complete form, but 

exhibits foundational traits: rapid iteration, peer-driven experimentation, and adaptive co-

production across sectors. These can be precursors to more structured governance, particularly if 

supported by regulatory reform and international partnership. 

The transition to a mission-oriented configuration is not automatic. It requires institutional 

legitimacy, political consensus, long-term investment, and fragile or contested elements in Ukraine. 

However, as Wanzenböck et al. (2020) argue, crises often act as critical junctures that enable such 

transitions. Ukraine’s experience may offer a case of “mission emergence” from below: a system 

born in improvisation but gradually maturing into strategic innovation governance. 
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5.5 Limitations 

This study provides a novel perspective on the emergence of Ukraine’s wartime defence innovation 

ecosystem, but several limitations should be acknowledged. 

First, the empirical material relies primarily on a limited number of interviews, secondary reports, 

and publicly available statements. Due to security and access constraints, the perspectives of high-

level institutional actors, particularly within the Ministry of Defence or military-industrial 

coordination bodies, are underrepresented. As a result, the analysis may tilt toward civic and 

entrepreneurial viewpoints, potentially underemphasising internal state dynamics. 

Second, while civil society played a prominent role, primarily through volunteer foundations, 

crowdfunding, and informal logistics, the study did not isolate it as a distinct analytical category. 

This reflects the methodological complexity of tracing civic actors embedded in hybrid formations, 

where military, technological, and volunteer roles often overlap. Future research should more 

systematically explore civil society’s structural position in crisis-driven innovation ecosystems. 

Third, the empirical scope is limited to the ecosystem’s early wartime phase (mid-2022 to early 

2024). This provides a high-resolution view of formation dynamics but cannot fully capture longer-

term trajectories of institutionalisation, governance consolidation, or international integration. 

 

Fourth, the study’s qualitative and interpretive design prioritises depth over generalisability. While 

this offers rich contextual insight, it limits the ability to produce comparative or predictive findings 

without further empirical validation. 

Finally, although the thesis engages with several ecosystem theories, including innovation systems, 

orchestration, and mission-orientation, some concepts (e.g., legitimacy functions, actor centrality, 

and hybrid governance) were addressed only indirectly. Future studies could systematically 

operationalise these constructs through mixed methods or network analysis. 

 

6. Conclusions 

This thesis has examined the emergence and evolution of Ukraine’s defence innovation ecosystem 

under conditions of full-scale war, using the drone sector as a focal point. The findings show that 

the ecosystem did not arise from strategic planning or industrial policy, but through decentralised 

responses to crisis, shaped by urgency, improvisation, and cross-sector mobilisation. 

Drones served as a central organising technology, structurally and symbolically, connecting 

fragmented actors, enabling coordination, and catalysing new civic–military co-creation forms. 

These dynamics challenge conventional models of innovation systems, which typically assume 

institutional stability, state-led orchestration, and sequenced development phases. 



59 

 

Instead, the Ukrainian case reveals that under conditions of existential threat, innovation 

ecosystems can emerge rapidly and bottom-up, with fluid actor roles, overlapping coordination 

modes, and improvisational governance. While the system remains structurally incomplete, 

particularly about universities, export regulation, and long-term capital, it has demonstrated 

exceptional responsiveness and adaptive capacity. 

Theoretically, this study contributes to innovation ecosystem scholarship by highlighting how 

technological focal points like drones can function as bifurcation points that structure new system 

logics. It also supports the growing literature on crisis-driven and emergent ecosystems, showing 

that actor hybridity, decentralised orchestration, and blurred boundaries are not exceptions but 

defining features in high-velocity environments. 

In sum, the Ukrainian case invites a rethinking of how innovation emerges under pressure, when 

survival, not competitiveness, becomes the core organising principle. It suggests that future 

frameworks must better account for non-linear dynamics, role multiplicity, and the possibility of 

mission-orientation emerging from below. 
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Appendix 1. List of interview details  

 

 Title of video Speaker Position: 

1 Exclusive interview with 

Commander Vadym Sukharevskyi 

– Armia TV 

Vadym 

Sukharevskyi 

 

Commander of the Unmanned 

Forces of Ukraine 

 

2 Ukrainian drones no longer depend 

on key components from China – 

Berlinska 

Anton Verhovodov Partner at D3 Venture Fund 

3 Weapon and drone production, 

Ukrainian engineers, and replacing 

Starlink – Ihor Fedirko 

Ihor Fedirko Executive Director, Council of the 

Ukrainian Armed Forces 

4 For a technological breakthrough, 

Ukraine must overcome 

incompetence in government and 

army – Berlinska 

Oleksii Babenko VYRII drone CEO 

5 How to create a drone with 24-hour 

endurance — Roman Kniazhenko, 

CEO of Skyeton 

Roman 

Kniazhenko 

CEO of Skyeton 

6 About battlefield innovation, next-

gen drones, and creating the CODE 

9.2 battalion — Andrii 'Did' 

Mishchenko 

Andrii 'Did' 

Mishchenko 

Commander, CODE 9.2 Drone 

Battalion 

7 Defence business, arms export and 

national security — Kateryna 

Mykhalko, Tech Forces of Ukraine 

Kateryna 

Mykhalko 

Tech Forces of Ukraine, Defence 

Tech Ecosystem Lead 

8 On victory over Russia, the 

engineering strategy, and the war 

of technologies — Mariia 

Berlinska 

Mariia Berlinska 

 

Head of the Victory Drones project 

of the Dignitas charity foundation, 

Military Technology Expert 

9 Innovations changing the course of 

war — Mykhailo Fedorov on 

drones, EW, and Brave1 — Slon 

Podcast 

Mykhailo Fedorov Vice Prime Minister for Innovation 

and Digital Transformation 
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10 Procurement for the army — a 

minefield that requires running fast 

and not blowing up — Zhumadilov 

& Berlinska 

Arsen Zhumadilov Former Head of Medical 

Procurement of Ukraine 

11 Inside Ukrainian drone production 

(Part 1-2) — Mariia Berlinska and 

Artem Vyunnyk 

Artem Vyunnyk Founder & CEO, Athlon Avia 

12 Military technologies, NAU 

reform, and reviving engineering 

education — Kseniia Semenova 

Kseniia Semenova Rector of the National Aviation 

University (NAU) 

13  If we don’t unite — we lose: 

Tymofii Milovanov & Mariia 

Berlinska 

Tymofii Milovanov 

 

President of Kyiv School of 

Economics 

14 Chernogorenko: How 

Digitalization is Changing the 

Ukrainian Army – When Drones 

Will Replace Artillery – Berlinska 

Kateryna 

Chernohorenko 

Deputy Minister of Defence for 

Digital Transformation 

15 Lutsenko: Drones That Highlight 

Only 1% of Enemies – Berlinska 

Ihor Lutsenko Military serviceman, public activist 

16 There Are Already 200 Robotic 

System Projects on the Brave1 

Platform – Natalia Kushnerska | To 

Arms! 

Natalia Kushnerska Head of the Defence Tech Cluster 

Brave1 

17 “We Have a Million Drones! Why 

the State Can’t Keep Up with the 

Growth of the Domestic UAV 

Market? 

Oleksandr 

Yakovenko, 

Anna Hvozdiar,  

Drone manufacturer, founder of the 

logistics group Envil UA and a 

charity fund Hvylia 91 and  Deputy 

Minister of Strategic Industry 

18 What military technologies does 

the world need to stop World War 

III?,  and We have a million 

drones! Why is the state not 

keeping up with the growth rate of 

the domestic UAV market? 

Yaroslav Azhnyuk. Ukrainian serial entrepreneur. 

Founded two military tech 

companies. The First Law, which 

develops autonomous drones and 

artificial intelligence systems for 

drones and Odd Systems, which 

produces thermal imaging cameras 

and FPV drones 
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Appendix 2. List of first and second-order codes  

Theme 1. Multiple roles of drone technology  

Opened access for new actors Enabled civilian entry into defence innovation 

Lowered entry barriers for participation and 

production 

Provided legitimacy to informal and volunteer 

actors 

Cross-actor coordination and interaction Stimulated informal communication and 

collaboration channels 

Created a coordination point across sectors 

Generated shared focus and urgency among 

diverse actors 

Enabled rapid experimentation Delivered real-time battlefield feedback 

Facilitated fast product iteration and refinement 

Supported trial-and-error learning practices 

Provided modular foundation for technological 

integration 

Enabled integration of AI, communications, 

and EW tools 

Allowed for flexible deployment across use-

cases 

Supported scalable manufacturing and 

production growth 

Challenged institutional boundaries Bypassed formal procurement and certification 

processes 

Pressured state actors to engage with informal 

structures 

Redefined who is allowed to innovate in 

national defence 

 

Theme 2: Dynamic Actor Roles and Ecosystem Structure 

Changing roles of the military From passive end-user to co-innovator 

Tactical drivers of technological demand 

Field feedback as part of development process: 

Adaptive and partial orchestration by the state Initial institutional weakness and lack of 

orchestration 
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Emergence of selective coordination 

Co-existence of regulation gaps and 

experimentation 

Peripheral but evolving role of universities Institutional inertia and systemic barriers 

Emergent tactical roles (labs, training, 

partnership) 

Dual-use initiatives and future potential 

Hybrid and multi-functional actors Volunteers acting as integrators, producers, 

logisticians 

Entrepreneurial/Startup Role 

Transition from informal roles to formal 

recognition 

Coordination mechanisms and decentralised 

governance 

Peer coordination without central control 

Urgency-driven tactical alignment 

Ad hoc and iterative governance models 

 

 

Theme 3: Ecosystem Characteristics and Challenges 

Crisis-formed ecosystem logic Urgency-driven emergence 

Bottom-up configuration 

Lack of foundational organisational support 

 System properties under pressure Decentralisation and horizontal flows 

Actor multiplicity and overlap 

Speed over formalisation 

Structural and regulatory constraints Regulatory mismatch 

Procurement and export bottlenecks 

Lack of integration mechanisms 

Capacity and resource limitations Talent shortages 

Volunteer dependence 

Financial instability 

Missing institutional consolidation Fragmented innovation flows 

Missing integration of key actors 

Absence of strategic ownership 

 


