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Introduction

This dissertation investigates the emergence and strategic consolidation of the aerospace cluster in
Apulia, a southern Italian region historically classified as a convergence area under European Union
cohesion policy. Traditionally characterized by structural economic limitations, institutional
fragmentation, and limited research—industry integration, Apulia has, over the past two decades,
undergone a significant transformation. Through coordinated investments, evolving governance
mechanisms, and cross-level public—private interaction, the region has progressively constructed a
specialized aerospace ecosystem capable of supporting innovation, high-value production, and
international integration. This case provides a lens through which to examine how advanced industrial
systems can be built in peripheral or structurally disadvantaged regions when strategic governance,

intentional relational structures, and dynamic capabilities align.

The central objective of this dissertation is to analyse the interdependent processes through which a
territorially embedded innovation ecosystem was built in Apulia. This includes investigating both the
mechanisms of emergence—such as institutional support, capability-building, and infrastructural
consolidation—and the governance configurations that enabled the aerospace sector to evolve into a
strategic regional priority. Rather than treating these factors in isolation, the analysis emphasizes their

mutual reinforcement within a broader process of ecosystem co-evolution.

The research is grounded in contemporary literature on clusters, ecosystems, and regional
development. Porter’s (1998) work on competitive advantage through localized interconnections
frames the shift from firm-level excellence to regionally embedded value creation. Jacobides,
Cennamo, and Gawer (2018) conceptualize ecosystems as modular and coordinated architectures in
which orchestrators, complementors, and peripheral actors interact across value layers. Teece’s (2007)
dynamic capabilities framework underpins the analysis of how firms and institutions adapt internal and
external resources to sense, seize, and transform opportunities under sectoral shifts. The Triple Helix
model (Etzkowitz & Ranga, 2013) provides a heuristic for examining the evolving roles of universities,
firms, and government in integrated innovation processes. Boari and colleagues (1999, 2007, 2014)
contribute key insights on inter-organizational networks, relational embeddedness, meta-brokerage,
and how institutional mediation stabilizes trust and knowledge flows in initially fragmented contexts.
Sforzi’s (2019) reflections on territorial governance and Foray’s (2014; 2020) conceptualisation of
Smart Specialisation Strategy (S3) as a process of transformative prioritization and entrepreneurial
discovery situate Apulia’s trajectory within broader debates on regional catch-up and mission-oriented

policy.

To triangulate evidence and enrich the strategic interpretation, the research combines qualitative and
quantitative data. Documentary sources include official policy plans, foresight roadmaps, programme

evaluations, investment reports, and ecosystem maps produced by regional (Regione Puglia, ARTI,



DTA), national, and European actors. Quantitative indicators such as employment levels, R&D
intensity, export trends, certification density, and SME participation in EU-funded programmes
provide empirical anchors for each phase. To deepen this perspective, a semi-structured interview was
conducted with Giuseppe Acierno, President of the Distretto Tecnologico Aerospaziale (DTA). His
insights clarify how governance logics, demonstration infrastructures, and relational trust evolved in

practice, providing ground-level context on challenges and strategic enablers.

The analysis follows a structured, multi-phase design that mirrors Apulia’s strategic policy evolution.
Chapter 1 reconstructs the cluster’s emergence during the 2007-2013 period, highlighting the
industrial context, the catalytic greenfield investment at Grottaglie, and the first coordinated
interventions through the PON Ricerca e Competitivita. Chapter 2 analyses the consolidation phase
under SmartPuglia2020 (2014-2020), focusing on how intentional innovation structures,
demonstration pipelines, and relational governance tools embedded trust and reduced fragmentation.
Chapter 3 assesses the ongoing SmartPuglia2030 cycle (2020—present), examining how cross-cluster
convergence, internationalisation, and new governance proposals aim to close structural gaps and

position the cluster as a modular, dual-use ecosystem connected to broader European supply chains.

The guiding research questions are formulated to address both the dynamics of emergence and the
implications for strategic governance:
(i) What mechanisms enabled the construction of a high-technology industrial ecosystem in a region
initially lacking systemic capabilities?
(i1)) How did public and private actors interact to create value, transfer knowledge, and sustain
institutional learning?
(iil) Which governance configurations, relational structures, and coordination strategies have proven
most relevant to the cluster’s resilience?
(iv) To what extent can Apulia’s trajectory be interpreted through the lenses of cluster theory, modular

ecosystem logic, dynamic capabilities, and Smart Specialisation as mission-oriented policy?

Through this framework, the study contributes to a deeper understanding of how trust-based
orchestration, intentional governance structures, and strategic relational routines can transform
peripheral regions into resilient industrial ecosystems — offering practical lessons for other
convergence regions aiming to position themselves in Europe’s evolving aerospace and dual-use

supply chains.
1.1 Pre-cluster Conditions and the Industrial Context

At the turn of the millennium, Apulia had not yet developed the formal institutions, coordinated
governance structures, or industrial density typical of an aerospace cluster. However, it already

possessed critical industrial assets in the form of Alenia Aeronautica’s high-tech plants in Brindisi and



Foggia, producing composite and metallic aircraft components for military and civil aviation platforms
like the C-27J Spartan and Eurofighter. These plants operated within a vertically integrated corporate
system, in which core functions—such as R&D, engineering, and supplier selection—remained
centralized at the firm’s Turin headquarters. As a result, regional embeddedness—the degree to which
firms draw from and contribute to local knowledge and production networks—remained limited. Local
suppliers had limited involvement in system-level innovation processes, and knowledge spillovers
remained marginal due to weak integration mechanisms. The absence of structured knowledge
exchange platforms further constrained collective learning, reinforcing vertical disconnection between

firms and regional institutions.

This structure corresponds to the notion of a moderately hierarchical district, as described by Boari &
Lipparini (1999), where a focal firm dominates technological and strategic decisions while delegating
standardized or peripheral tasks to subordinate partners. In such contexts, strategic control remains
centralized, limiting mutual interdependence and delaying systemic innovation unless explicit
coordination mechanisms are introduced. In Apulia, such mechanisms were largely underdeveloped.
However, foundational institutional efforts began to take shape: universities such as Politecnico di Bari
and the University of Salento introduced new programs in aerospace engineering and materials science.
Meanwhile, in 2004, the Regione Puglia established the Agenzia Regionale per la Tecnologia e
I’Innovazione (ARTI), with the mission to map local technological competencies, promote applied
research, and stimulate public—private matchmaking. These early interventions anticipated the need for
strategic coordination of the regional knowledge base. During the 2007-2013 programming cycle,
supported by both the ERDF and the PON Ricerca e Competitivita, ARTI launched the Reti dei
Laboratori Pubblici initiative, aiming to classify, connect, and consolidate emerging research
capabilities across Apulia’s public research landscape. These efforts were later systematized in policy
assessments such as Allegato 4 — Le Infrastrutture di Ricerca (2014), which documented persistent
infrastructural fragmentation, but also revealed potential nodes of excellence and critical gaps in
thematic alignment. This groundwork was instrumental in preparing the region for the adoption of
Smart Specialisation strategies and, retrospectively, underscores the lack of coordinated aerospace-
oriented infrastructure in the period preceding the Boeing—Alenia partnership and the formation of the

DTA.

From a capabilities perspective, this evolution can be interpreted as a gradual strengthening of the
region’s absorptive capacity—the ability of a territorial system to identify, assimilate, and exploit
external knowledge (Cohen & Levinthal, 1990, as cited in Boari & Lipparini, 1999). Such a capacity
became increasingly central to Apulia’s innovation policy and was formalized in regional strategies

for Smart Specialisation.



According to Sforzi (2019)—whose work on productive clusters in Italy emphasizes the need for
territorial governance to evolve beyond mere agglomeration—this institutional shift represented a
foundational step toward the strategic valorization of Apulia’s technological and know-how assets and
the emergence of a regionally coordinated innovation system, as later documented in ARTI reports.
This institutional reorientation also reflected the initial configuration of a Triple Helix system, where
government, academia, and industry began to align agendas, though coordination remained episodic

and exploratory. (Etzkowitz & Ranga, 2013).

Parallel to these local developments, the aerospace industry itself was evolving toward structural
transformations, particularly in relation to the modular reconfiguration of production chains, the
growing use of composite materials, and the globalization of aircraft platforms. These trends—
highlighted in sectoral foresight documents such as Visione Aerospazio.pdfand Apulia-the-aerospace-
region.pdf—generated both threats and opportunities for peripheral regions. Apulia’s early investments
in educational alignment, governance mechanisms, and technological capability-building allowed it to
begin positioning itself to exploit these dynamics and pursue selective forms of leapfrogging—a
concept first introduced by Pérez and Soete (1988) to describe how latecomer regions or countries can
bypass intermediate stages of industrial development by directly adopting frontier technologies and

institutional innovations.

These developments signaled the initial emergence of an innovation-oriented governance logic. As
later chapters will show, this logic would progressively develop into a more structured innovation
ecosystem, characterized by increasing coordination, co-specialization, and institutional coherence.
The next phase, triggered by the Boeing—Alenia partnership in Grottaglie, would test the region’s
readiness to absorb and amplify complex, high-stakes industrial investment. As Teece (2007)
emphasizes, the ability to sense opportunities, seize them through aligned investments, and transform
organizational routines accordingly constitutes the foundation of dynamic capabilities—both at the

firm and regional level.
1.2 — The Boeing Deal and the Strategic Leap in Grottaglie (2007)

The launch of the Alenia Aeronautica plant in Grottaglie in the early 2000s marked a pivotal inflection
point in the industrial evolution of the Apulian aerospace sector. Designed to produce fuselage sections
44 and 46 of the Boeing 787 Dreamliner—accounting for approximately 15% of the aircraft structure—
the Grottaglie facility emerged as the centerpiece of a €1.1 billion supply contract signed between
Boeing and Alenia. This agreement entrusted the Italian company with the production of major
composite aerostructures, prompting the construction of a new, fully integrated plant equipped with
Automated Fiber Placement (AFP) systems—a high-precision robotic technology for layering carbon
fiber that enables the production of lightweight, high-performance components. The total investment

in the Grottaglie site amounted to approximately €610 million, €130 million of which was publicly



financed through the Regione Puglia’s control of Societa Aeroporti di Puglia. The remaining
investment was covered by Alenia. This operation qualifies as a greenfield investment: it introduced
new technological, infrastructural, and operational capabilities in a location previously excluded from
high-tech aerospace functions. It marked a radical industrial discontinuity, enabling Apulia to position

itself within global value chains for next-generation aircraft platforms.

While the core investment was privately undertaken by Alenia, its realization was supported by a
coordinated set of public interventions and policy tools. In addition to direct infrastructure co-
financing, the Regione Puglia deployed strategic industrial instruments such as the Contratti di
Programma and the “Patti per I’Innovazione e I’Attrazione” (PIA)—frameworks introduced in the
early 2000s to attract high-tech investments and reinforce local supply networks. Although these
mechanisms were not necessarily tied to the core plant construction, they were used in parallel to
support complementary services, supplier upgrading, and regional innovation infrastructure, as
evidenced in regional reports such as La Filiera Aerospaziale in Puglia. For example, Contratti di
Programma offered tailored investment packages involving repayable grants and infrastructure aid to
firms committing to innovation and job creation targets, while PI4 provided incentives for R&D-
intensive initiatives involving collaborative industrial actors. The institutional bundle surrounding the
Grottaglie investment thus constituted one of the most significant public—private co-investment
frameworks ever implemented in Southern Italy’s aerospace industry. It laid the structural and
cognitive foundations for the emergence of a regional innovation ecosystem, setting the stage for

deeper coordination and cluster consolidation in the years that followed.

The strategic rationale behind Boeing’s selection of Alenia, and Alenia’s subsequent choice of
Grottaglie, reflects the project-based logic typical of moderately hierarchical districts (Boari &
Lipparini, 1999). In such configurations, focal firms maintain full control over core strategic functions
while selectively activating regional subcontractors for efficiency or specialization reasons. As Boari
and Lipparini explain, this activation is not driven by embedded interdependence but by contingent
opportunities: “cooperation does not involve interdependence in the definition of competitive
strategies”. This description fits the Apulian case well: while Alenia retained design and integration
control from Turin, it engaged local firms selectively, creating downstream technological spillovers
without initially embedding them in its strategic decision-making. Alenia outsources advanced services
such as simulation, R&D, and prototyping to a nascent network of local firms. Although originally
applied to mature industrial districts, Boari & Lipparini’s (1999) framework also offers interpretive
value for understanding how one-off, top-down investments can catalyze latent industrial capabilities
in structurally disadvantaged regions, even in the absence of pre-existing systemic interdependence.
Moreover, this move was facilitated by broader transformations in the acrospace sector as anticipated:
highlighted in the Smithsonian Air & Space Magazine, “Alenia’s Gamble” (2007), the Dreamliner

program marked a shift in Boeing’s strategy toward global outsourcing, granting Tier-1 suppliers like



Alenia increased autonomy in selecting and coordinating their subcontractors. Apulia’s strategic
location—benefiting from the Taranto port, Brindisi’s multimodal airport and seaport, and the
availability of suitable land for large-scale infrastructure—combined with strong institutional support,
further enhanced the attractiveness of the Grottaglie site for strategic aerospace investment. This
reconfiguration created a window of opportunity for Apulia to position itself within emerging global

value chains.

However, the Apulian case presented a notable divergence: while the investment was initiated without
pre-existing systemic interdependence, the region exhibited an ability to sense the opportunity to
structurally involve its industrial base, thereby creating the preconditions for a deeper and more
embedded configuration. These responses illustrated how initial absorptive capacities—still

fragmented but present—were beginning to translate into structured industrial participation.

Among the regional actors engaged were Planetek Italia (aerospace software and Earth observation),
CETMA (composites and mechanical design), MERMEC (mechatronics and diagnostics), Blackshape
(aircraft prototyping and manufacturing), and EnginSoft Sud (numerical simulation and process
optimization). These firms were already present in the regional productive system but had operated
mainly in adjacent sectors. Their involvement in the Dreamliner project catalyzed a process of
capability upgrading: each began acquiring EN9100 certifications (a global quality management
standard for aerospace production), investing in aerospace R&D, and aligning production processes to
global standards. According to data from ARTI and regional performance reports, over 20 SMEs
underwent technological and organizational adaptation between 2007 and 2012, increasing their
international exposure and establishing durable links with major primes. This illustrates the transition
from simple subcontracting to relational co-development, fostering what Boari & Presutti (2007)

describe as “knowledge-intensive inter-firm relations based on spatial proximity and trust.”

Educational institutions rapidly adapted to support this industrial shift. The University of Salento,
Politecnico di Bari, and regional ITS (Istituti Tecnici Superiori) introduced or expanded courses in
aerospace engineering, digital simulation, and composite materials. This alignment between industrial
needs and educational supply marks the early emergence of what Etzkowitz & Ranga (2013) define as
a Triple Helix system, where academia, government, and industry converge to co-produce regional

innovation outcomes.

The Grottaglie operation did not merely generate infrastructure; it functioned as a systemic trigger of
regional transformation. From a strategic management perspective, it embodies the activation of
dynamic capabilities at multiple levels (Teece, 2007). At the firm level, Alenia sensed the technological
shift toward modular composite platforms, seized the opportunity by investing in a new dedicated site,

and transformed its global supply architecture. At the regional level, Apulia demonstrated a capacity



to orchestrate policy instruments, redirect public funding, and mobilize its industrial base toward a new

strategic trajectory.

It is also important to distinguish the early institutional framing of the sector from the more structured
governance models that would emerge later. The Distretto Aerospaziale Pugliese (DAP), established
by Regional Law 23/2007, marked a first attempt to formally recognize aerospace as a productive
specialization area in Apulia. However, its role remained limited to aggregation and policy signaling,
without operational coordination or direct involvement in R&D governance. The limitations of the
DAP model soon became evident, especially in light of the increasing complexity of innovation needs
and the growing integration of regional firms into global supply chains. This context led to the
subsequent creation of the Distretto Tecnologico Aerospaziale (DTA) in 2009—an entity specifically
designed to orchestrate strategic investments, foster university—industry collaboration, and build long-
term innovation capacity. The transition from the DAP to the DTA thus marked the maturation of
regional policy instruments—ifrom sectoral signaling to systemic orchestration—an evolution that will
be explored in detail in the next section, as the Apulian ecosystem moves from latent capacities to

structured coordination.
1.3 — The Foundation of the DTA and the Consolidation of the Cluster (2009-2013)

The strategic momentum generated by the Grottaglie investment catalyzed a broader institutional
reconfiguration. In 2009, the Distretto Tecnologico Aerospaziale (DTA) was formally established as a
public—private partnership, uniting major industrial actors (Leonardo, Avio Aero, SITAEL), research
centers (CETMA, CNR), academic institutions (Politecnico di Bari, University of Salento), SMEs,
many of which had begun upgrading their capabilities during the Dreamliner phase, and public bodies
such as the Regione Puglia, MIUR, and the regional innovation agency ARTI. Its objective was to
provide a coordinated platform for innovation governance, project design, and strategic resource

mobilization across the acrospace value chain.

The DTA’s formation marked a shift from the dominance of a single focal firm to a more distributed
and polycentric governance model, where strategic functions and innovation trajectories are shaped
through distributed coordination rather than centralized control. As President Acierno recalls, “The
key move was bringing together the actors around Leonardo and the first regional institutions. Without
this shared governance, nothing would have emerged” (DTA Interview, 2025).This shift reflects the
institutional transformation necessary to support a regional ecosystem rather than a firm-centric supply
chain. As discussed by Boari, Odorici & Zamarian (2003), when institutional competition is managed
constructively, it can enhance the diversity and responsiveness of innovation systems by stimulating
service quality and initiative among local actors. In Apulia, coordination between the Regione Puglia,
MIUR, and ARTI did not lead to fragmentation, but rather allowed for differentiated and

complementary roles: MIUR financed long-term research initiatives, the Regione aligned



ERDF(European Regional Development Fund)—key structural funds aimed at regional
convergence—strategies with its regional Science and Technology (S&T) priorities, while ARTI acted

as an intermediary translating regional competencies into fundable innovation assets.

During this phase, the DTA mobilized substantial resources through the PON Ricerca e Competitivita
20072013, co-financed by the European Regional Development Fund (ERDF). Key projects were
implemented, these included SP/A (Smart Planning of Integrated Aerospace), where Leonardo, Avio
Aero, EnginSoft and CETMA co-developed along with universities simulation platforms and digital
planning tools for advanced aeronautical design. These tools supported multi-actor modeling
environments later adopted by SMEs and research labs. MAIPCO (Multifunctional Aeronautical
Integrated Platform for Composite Optimization) brought together SITAEL, the University of Salento,
EnginSoft and CETMA to co-develop multifunctional composite platforms and validate advanced
aerostructure materials. It produced testing protocols and demonstrators that have since been integrated
into downstream design processes. These projects did not simply generate isolated outputs; they
embedded collaborative routines into the ecosystem. Shared infrastructure such as testing labs, IP
management frameworks, and demonstrator-based validation platforms became recurrent tools.
SMEs—including MERMEC, Planetek, and Salver —participated as technical contributors and
integrators of simulation modules, while universities aligned research agendas with industrial co-
development. This cumulative interaction reinforced trust, co-specialization, and regional absorptive

capacity.

Leonardo—functioning as a system integrator responsible for final assembly and platform
architecture—retained its leadership in core engineering functions and acted as a technological anchor
by participating in DTA-managed initiatives like SPIA and MAIPCO. It provided validation
environments, transferred process standards, and co-designed modules with SMEs, enabling their
gradual integration into high-tier aerospace supply chains. SMEs, universities, and research centers
engaged through DTA-managed tenders, pre-competitive simulation platforms, and demonstrator
programs. In many cases, these collaborations evolved into joint ventures or structured consortia, co-
developing components, validating technologies, and participating in experimental programs ranging
from composites to avionics systems. According to ARTI (2015), over 20 SMEs engaged in formalized

collaborations during this phase, participating in PON-funded platforms such as SPIA and MAIPCO.

In parallel with this industrial consolidation, the educational infrastructure evolved to support emerging
competencies. Aerospace master’s programs were launched or strengthened at the University of
Salento and Politecnico di Bari, while ITS Apulia (Istituti Tecnici Superiori) introduced specialized
curricula on composites, avionics, propulsion, and digital manufacturing—training closely aligned

with industry needs, often co-designed by companies and the DTA [Ricerca-sviluppo-e-formazione-

in-Puglia.pdf] .



This institutional convergence aligns with the Triple Helix III model (Etzkowitz & Ranga, 2013), in
which not only do universities, governments, and industries co-evolve, but also intermediary
organizations—such as the DTA—emerge to stabilize inter-actor collaboration and reduce systemic
frictions. The DTA thus played a hybrid role: orchestrating shared resources, facilitating project-based

cooperation, and enabling structured interdependencies across the innovation ecosystem.

In summary, the period from 2009 to 2013 consolidated the structural and functional foundations of
the Apulian aerospace cluster. What had started as a focal firm-dominated production site matured into
a multi-actor ecosystem, supported by shared platforms, coordinated policy tools, and evolving
educational pipelines. While transformative, these developments constituted only the foundational
phase of a broader strategic consolidation that would unfold through the implementation of the Smart

Specialisation Strategy (S3) in 2014—explored in the next chapter.
2.1 — Strategic Reorientation: The Introduction of the S3 Framework in Apulia

The launch of the Smart Specialisation Strategy (S3) in Apulia in 2014 marked a new phase in regional
innovation governance. Developed under the 2014-2020 EU programming cycle, and supported by the
European Regional Development Fund (ERDF) and European Social Fund (ESF), S3 introduced a
collective redefinition of the regional innovation mission, rooted in participatory governance, territorial
cohesion, and the long-term pursuit of socio-economic transformation. Building on the institutional
groundwork and the strategic leap of the Grottaglie greenfield investment, the 2007-2013 phase tested
the region’s capacity to orchestrate new governance structures and collaborative routines. This
transition phase laid the foundations for the intentional innovation structures (Boari) that

SmartPuglia2020 would consolidate.

As Dominique Foray—the intellectual architect of S3—argues, smart specialisation “does not consist
in selecting a few sectors in a top-down fashion,” but in empowering regions to identify their “most
promising areas of future competitiveness through a collective and evidence-based process” (Foray,
2015). In this approach, structural change is achieved by empowering local actors to collectively
identify promising domains, then concentrating resources to accelerate their evolution into competitive

advantages

The SmartPuglia 2020 strategy built upon institutional learning from the PON Ricerca e Competitivita
2007-2013, and was operationalized through the Azioni Ponte—governance tools to test new
coordination and capacity-building models such as participatory mapping, early stakeholder
engagement, and experimentation with integrated project platforms.(SmartPuglia 2020, Part I). These
actions served as transitional mechanisms to prepare institutions and stakeholders for the systemic shift

required by the S3 paradigm.



Strategically, SmartPuglia 2020 defined four overarching objectives: (1) Enhance regional
competitiveness and employment by addressing societal challenges with a broader view of innovation;
(2) Optimize the impact of the 2014-2020 funding cycle by guiding public and private investments
toward high-impact projects; (3) Foster regional advantage by supporting sectors with existing or
emerging potential; (4) Maximize synergy between EU innovation funding and private capital by

aligning incentives and governance.

These goals aimed to shift Apulia’s innovation model from fragmented, reactive funding toward a
coordinated ecosystem designed for long-term inclusive, sustainable growth. To achieve these
objectives, the strategy activated five key levers: (i)Entrepreneurial capacity-building: combining local
know-how with advanced technologies; (ii)Human capital valorization: positioning talent and skills as
vectors of transformation; (iii)Social and environmental innovation: designing smart public policies to
address emerging needs; (iv)Digital transition: enabling open government and digitally connected
communities; (v) Transregional knowledge networks: breaking regional isolation and facilitating cross-
border innovation flows. These levers reinforced the idea that innovation is not just a productivity

driver but a common good—a mechanism for enhancing territorial resilience and collective welfare.

Central to the S3 model is the Entrepreneurial Discovery Process (EDP), which Foray describes as a
“learning process by doing, interacting, and questioning.” Rather than a one-time consultation, EDP is
an ongoing, iterative mechanism through which regional stakeholders—firms, universities, research
bodies, and civic actors—collectively identify areas where innovation investments are most likely to
generate competitive advantage. It is based on the assumption that market failures and information
asymmetries prevent policymakers from selecting the right priorities alone; instead, entrepreneurs and
knowledge producers must signal emerging opportunities from within the system itself (Foray, 2015).
In Apulia, the EDP was institutionalized through participatory governance mechanisms curated by
ARTI, the regional innovation agency. These included public workshops, mosaici di autovalutazione,
and regional labs that fostered structured dialogue across stakeholder categories. This process ensured
that SmartPuglia 2020 priorities emerged from grounded knowledge and collective foresight, not top-

down mandates.

Among the ten filiere prioritarie identified, aerospace was selected and prioritized through a structured
Entrepreneurial Discovery Process (EDP), due to its dual-use potential (technologies applicable to both
civilian and defense sectors), high R&D intensity, export orientation and increasing embeddedness in

international supply chains (SmartPuglia 2020, Part II)

Importantly, S3 in Apulia introduced an interlocking policy framework that deliberately aligned cross-
sectoral enablers with vertical sectoral goals. This meant that horizontal policies—such as education
reform, digitalisation, labour inclusion, and social equity—were designed not as separate agendas, but

as functional supports for sectoral innovation trajectories. In practice, upskilling programs, ICT



infrastructure, and social inclusion initiatives were explicitly tied to the needs of priority sectors like
aerospace, health, and agri-food. This transformed innovation from a siloed policy area into a cross-
cutting development lever, linking technology to social value creation, sustainability, and territorial

cohesion (SmartPuglia 2020).

For the regional business ecosystem, this participatory model generated tangible strategic advantages.
It enhanced absorptive capacity—the ability to assimilate and exploit external knowledge (Cohen &
Levinthal, 1990)—by embedding firms into collaborative projects, increased trust through transparent
governance and shared vision, and fostered inter-firm networks that reduced fragmentation and
promoted complementary and collective specialization. From a strategic perspective, these
mechanisms supported long-term capability development, reduced uncertainty, and enabled firms to
engage in innovation activities otherwise inaccessible due to resource or knowledge constraints. For
local enterprises, this meant a transition from sporadic innovation to embedded innovation
ecosystems—where they could co-develop technologies, access shared infrastructures, and position

themselves for cross-sectoral spillovers.

Moreover, Apulia began piloting forms of Quadruple Helix governance, expanding participation to
societal actors and civic communities. Experiments such as OpenLab and Patti per le Citta brought
territorial associations and citizen groups into regional innovation planning. This approach, aligned
with the framework of Carayannis & Campbell (2009), emphasized innovation as a socially embedded
process, contributing not just to economic outcomes, but to shared territorial resilience (SmartPuglia

2020; Allegato 4).

A powerful metaphor for this vision was offered by Annibale D’Elia, who emphasized that “there is
no innovation without social innovation or without a shift in mindset. Innovation cannot be bought; it
is generated by balance. Ecosystem is one of the key words of innovation, and if we truly want to
innovate, we must cultivate it like a rainforest” (SmartPuglia 2020). This perspective rejected linear,
top-down models in favor of ecosystemic balance, trust-based relationships, and long-term

continuity—core principles of a strategy rooted in shared learning and social embeddedness.

This evolution also marked a cultural shift in regional governance—from reactive, fragmented policy
delivery to a proactive model of anticipatory coordination. Innovation became an institutional
responsibility shared across networks, reinforcing the region’s strategic capability to plan, adapt, and

learn collectively.

Finally, quantitative indicators underscored both the urgency and progress of this transformation.
Between 2007 and 2011, Apulia’s innovation index increased from 0.30 to 0.40, while R&D intensity
reached 0.8% of GDP—still below the Italian average of 1.3%, but signalling a shift in institutional



and economic orientation (SmartPuglia 2020). These metrics validated the region’s choice to move

toward a smarter, more systemic, and inclusive innovation strategy.

2.2 — Orchestrating the Ecosystem: Actor Roles, Coordination Mechanisms, and Strategic
Complementarities (2014-2020)

The period 2014-2020 marked a decisive consolidation of the Apulian acrospace cluster, as the region
moved from institutional experimentation to coordinated ecosystem governance. The introduction of
the Smart Specialisation Strategy (S3), supported by EU cohesion instruments, redefined the
operational and strategic roles of firms, institutions, universities, and intermediary platforms. This
phase consolidated Apulia’s innovation architecture through shared project platforms, actor alignment,
and programmatic funding, guided by a regional commitment to co-specialization and long-term value
creation. What emerged was not a top-down controlled network but a strategically governed, multi-
actor ecosystem in which coordination mechanisms, role differentiation, and cognitive alignment

enabled a form of structured interdependence among heterogeneous actors.

At the center of this configuration stood Leonardo, reaffirming its historical role as a focal firm—a
position defined by Boari & Lipparini (1999) as one in which a leading actor retains control over
system design and value creation, while enabling other firms to access specialized market opportunities
through modular interactions. In Apulia, Leonardo no longer merely operated as a vertically integrated
producer. It retained high-value functions such as system integration, global certification, and platform
architecture, but increasingly opened parts of its supply structure to regional SMEs and research
organizations. Rather than orchestrating the entire value chain, Leonardo supported a decentralized
innovation system through co-investment in shared R&D, validation environments—such as advanced
simulation suites, stress testing platforms, and certification pathways—and collaborative educational
initiatives. Drawing on Williamson’s Transaction Cost Economics (TCE), Leonardo’s role can be
interpreted as an institutional mechanism for reducing market coordination failures. Its position as the
only Apulian aerospace firm exporting in the pre-cluster period gave it a structural first-mover
advantage. This privileged positioning significantly reduced transaction costs for external partners by
internalizing key governance functions and setting technological standards, thereby mitigating
uncertainty for upstream suppliers and institutional actors. As the region’s technological anchor,
Leonardo operated both as a gatekeeper—controlling access to certification and platform integration—
and as an enabler, opening up value-creating modules for regional actors through shared governance
structures. Leonardo’s evolution as a focal firm reflects what Boari & Lipparini (1999) describe as a
shift from unilateral control to conditional co-specialization, characterized by high interdependence
with local SMEs. While it retained its core system integrator role, co-developing modules with regional
SMEs lowered its in-house R&D costs, improved supply flexibility, accelerated certification cycles

and time-to-market for complex aerostructures, and spread risk across the network. For SMEs, the



relationship with Leonardo during this period opened export pathways, strengthened reputational
standing, and embedded them in global supply chains. However, this interdependence also created
vulnerabilities: SMEs are exposed to fluctuations in the focal firm’s global demand, investment cycles,
and stringent certification requirements. For Leonardo, meanwhile, greater reliance on local suppliers
introduced supply chain concentration risks and the ongoing obligation to invest in supplier capability
upgrading. This dynamic illustrates both the collaborative gains and the relational vulnerabilities that

characterize a moderately hierarchical district (Boari & Lipparini, 1999, Boari & Presutti, 2007).

The Distretto Tecnologico Aerospaziale (DTA) was instrumental in orchestrating this coordination.
Building on its earlier role as project manager and knowledge broker, it evolved into what Boari &
Riboldazzi (2014) term a meta-broker: an entity that not only facilitates inter-firm collaboration but
actively configures the architecture of knowledge flows, standard-setting, and cross-sectoral
convergence. The DTA did not impose vertical hierarchies; instead, it created enabling infrastructures
and institutional interfaces that reduced entry barriers for new actors and stabilized cooperation among
established ones. Key platforms managed or coordinated by the DTA—such as MAIA (Modular
Avionics and Integration Area), TEST (Test Environment for Systems and Technologies), and the
Grottaglie UAV Corridor—served as shared environments where system-level integration, technology
validation, and co-development could occur in a non-hierarchical, modular fashion. As Acierno
emphasises, “The Spaceport is a unique lever for flight testing and attracting Clean Aviation projects.
It’s a complex challenge but will be a strategic asset for the next decade” (DTA Interview, 2025).
These platforms were co-financed by PON Ricerca e Innovazione (Programma Operativo Nazionale
Ricerca e Innovazione 2014-2020) and supported by Regione Puglia and CTNA (Cluster Tecnologico
Nazionale Aerospazio), which ensured national alignment and international foresight in strategic areas

such as space technologies, propulsion systems, and materials engineering.

The SME landscape underwent significant transformation in this context. Firms such as Planetek
(geospatial and satellite software), MERMEC (mechatronic diagnostics), Blackshape (light aircraft
manufacturing), and EnginSoft (numerical simulation) benefited from reduced sunk costs by accessing
shared infrastructure and collaborative programs. They engaged in complementary domains that
reflected a deliberately modular innovation strategy. This configuration, consistent with Boari’s notion
of “intentional innovation structures,” enabled the integration of heterogeneous capabilities—ranging
from avionics and materials testing to digital modeling—within unified experimental platforms.
Participation in consortia under Innolabs and Innonetwork—regional funding instruments focused on
pre-competitive and collaborative R&D—enabled SMEs to experiment with UAV propulsion, Al
diagnostics, and smart materials, while partnering with universities and Leonardo on innovation
trajectories. In total, the two programs mobilized over €90 million and supported more than 150
regional projects between 2017 and 2020, with aerospace representing one of the most strongly funded

areas (ARTI, 2021; Regione Puglia, 2020). These relational configurations optimized knowledge flows



and reduced uncertainty, enhancing the collective ability to explore new technological domains without
requiring full vertical integration or central direction. This dynamic supports what Boari, Kadriu &
Krasnigi (2019) highlight: the effectiveness of public support depends on whether institutional
frameworks actively lower barriers for SMEs to engage in collaborative R&D, develop complementary
skills, and sustain long-term innovation performance — features that Innolabs and Innonetwork were

designed to deliver.

Universities, particularly the Politecnico di Bari and the University of Salento, expanded their role
during this phase as active nodes of capability-building. They aligned curricula with emerging
aerospace technologies, collaborated in industrial PhD programs, and participated in dual-use lab
projects with the DTA and Leonardo. Also the regional ITS Apulia Foundation developed specialized
technical programs for avionics, UAV systems, and advanced composites, further supporting
workforce alignment. This positioned them as knowledge brokers and absorptive capacity nodes,

consistent with the Triple Helix Il model (Etzkowitz & Ranga, 2013).

Institutional frameworks played a stabilizing role. The PON Ricerca e Innovazione and the Programma
Nazionale della Ricerca (PNR) 2015-2020 provided vertical coherence between national technology
priorities and regional specialization paths. The PNR explicitly recognized aerospace, advanced
manufacturing, and ICT as pillars of innovation in convergence regions like Apulia, thereby
legitimizing the aerospace cluster’s alignment with national missions. Horizon 2020 programs further
expanded access to international consortia in aerospace and enabling technologies. As noted in the
“Scheda Aerospazio” and the “Visione Aerospazio” strategy documents, these synergies were essential

to integrating Apulia into European industrial networks.

A critical addition to the ecosystem during this phase was the ESA BIC Brindisi, launched in
coordination with the DTA and ESA (European Space Agency) as part of a national incubator network.
ESA BIC provided early-stage support and incubation, reinforcing the Triple Helix III model
(Etzkowitz & Ranga, 2013) by stabilizing collaboration between universities, firms, and government.
It enabled entrepreneurial discovery in advanced domains such as Earth observation, satellite

communication, and dual-use applications, further diversifying the regional innovation base.

Moreover, the Key Enabling Technologies (KETs) strategy adopted by Regione Puglia—detailed in
the Report La Puglia delle KET—positioned aerospace as a driver of regional innovation in advanced
materials, photonics, and ICT. These thematic axes were used to structure funding criteria and project
design, reinforcing SmartPuglia’s anticipatory orientation and guiding the selection of priorities in line
with evolving market and technological signals (Foray, 2020). These synergies connected aerospace
with mechatronics (e.g., advanced sensors, control systems for UAVs), ICT (e.g., Al-based predictive

maintenance, digital twins for flight systems), and automotive technologies (e.g., lightweight materials,



hybrid propulsion). This cross-sectoral overlap enhanced the region’s ability to leverage convergence

trends and amplify spillovers across its priority filiere.

While the DTA played a central coordinating role, it did not operate as a classical ecosystem
orchestrator in the sense defined by Jacobides et al. (2018), who describe orchestrators as actors that
define modular architectures, assign roles, and control access to the platform’s core. In Jacobides’
model, the orchestrator enforces participation boundaries and captures platform-level rents—
conditions not fully present in Apulia’s more distributed and participatory governance structure: the
DTA functions as a non-profit S.c.a.r.l. co-owned by key cluster stakeholders: Regione Puglia,
Leonardo as the industrial anchor, universities such as Politecnico di Bari and University of Salento,
research centers like CETMA and CNR, and several specialized SMEs. Its governance model reinvests
resources in shared capabilities rather than capturing private rents. Here, orchestration was shared:
Leonardo retained focal control over product integration and technical standards, while the DTA
enabled systemic coordination through project platforms, capability alignment, and infrastructure
brokerage. This hybrid configuration reflects a form of modular governance through facilitation rather
than enforcement. As Boari, Odorici & Zamarian (2003) argue, clusters thrive when actors not only
share resources but also develop shared strategic narratives—a condition met through joint planning
initiatives, ecosystem mapping, and public—private dialogues promoted by ARTI and the Regione. This
role echoes what Sforzi (2019) calls territorial governance — a shift from passive agglomeration to
coordinated regional structures that sustain trust and moderate rivalry among firms. This is consistent
with the DTA’s hybrid governance function, underlined by the president: “It is not just a cluster, but a

technology district with orchestrator and meta-broker functions” (DTA interview, 2025).

In sum, the 20142020 period witnessed the institutionalization of collaborative innovation in Apulia’s
aerospace sector. Leonardo remained the focal firm, but now embedded in a system where governance
was orchestrated through shared platforms, funded through multi-level programs, and coordinated by
intermediary institutions. SMEs moved from marginal subcontractors to system-level co-developers;
universities became active nodes of technology transfer; and public institutions structured programs to
reinforce ecosystem learning. Rather than a fragmented policy field, aerospace in Apulia had become
a strategically governed innovation ecosystem, supported by codified infrastructure, distributed
capabilities, and cognitive convergence—ready to scale further in the subsequent phase of
SmartPuglia2030 and Horizon Europe.
The following section examines how these governance mechanisms translated into concrete

infrastructures, funding pipelines, and programmatic consolidation across the innovation ecosystem.
2.3 — Infrastructure, Funding Pipelines, and Programmatic Consolidation (2014-2020)

Between 2014 and 2020, Apulia’s aerospace cluster advanced from fragmented R&D assets to a

structurally coherent system of intentional innovation structures — demonstration lines, modular labs,



and trust-based project consortia that embedded capability building into stable governance channels.
This trajectory aligns with what Boari (2014) frames as intentional structures: relational configurations
that reduce transaction costs, build credibility, and foster repeated interactions for knowledge flows in

regions where spontaneous trust is historically limited.

Rather than pursuing fragmented lab expansions, the region’s strategy brought earlier investments —
notably the Reti di Laboratori, which ARTI (L’intervento in cifre) maps as the backbone for
SmartPuglia2020’s open-access platforms, under the coordinated management of the Distretto
Tecnologico Aerospaziale (DTA). These legacy nodes were consolidated into shared testbeds such as
MAIA (Modular Avionics and Integration Area), TEST (Test Environment for Systems and
Technologies) and TEMPTEST (Test Environment for Multi-Purpose Systems and Technologies).
MAIA serves as an advanced integration and simulation facility for avionics and modular flight
systems, supporting the co-development of navigation, control, and sensor components. TEST
functions as a flexible environment for stress-testing aerostructures, UAV subsystems, and dual-use
prototypes. TEMPTEST was designed as a flexible demonstration lab for multi-sector validation of
UAYV systems, advanced sensors, and small-batch prototypes under various environmental stress
conditions, expanding the range of dual-use applications accessible to local firms. Together, they
anchor experimental work that would be financially and technically unattainable for individual SMEs.
Their expansion and operational sustainability were co-financed through the PON Ricerca e
Innovazione 2014-2020 and the Programma Nazionale della Ricerca (PNR), with alignment ensured

by the SmartPuglia2020 foresight roadmap.

Yet physical testbeds alone do not create an evolved cluster. What mattered was the emergence of
structured pipelines that embedded repeated, shared stakes in experimentation — building trust and
relational embeddedness, which Boari & Presutti (2007) identify as essential for innovation ecosystems
to thrive. Projects like SPIA (Smart Planning of Integrated Aerospace) and ADViSE (Advanced
Diagnostics for Vehicles and Intelligent Systems Engineering) illustrate this dynamic. SPIA addressed
Apulia’s historic gap in integrated digital twin capabilities, enabling primes and local SMEs to jointly
model and simulate fuselage sections and modular components. ADViSE extended this logic to UAV
diagnostic systems and adaptive smart propulsion, allowing small suppliers to test sensor integration
in real-world conditions without requiring their own proprietary test benches. By embedding diverse
actors in co-designed pilot phases, these initiatives stabilised trust-based collaboration and

strengthened the reputational ties that underpin an innovation district’s credibility.

This approach extended to targeted thematic pilots like INNOMET (Innovative Materials and
Metallurgy), launched under the Innonetwork calls, focused on composite stress testing and hybrid
alloy development for aerospace—automotive overlaps. By doing so, it anchored trust-based co-

development between primes, small suppliers, and research labs. Such small pilots, documented in



ARTYI’s Monitoraggio sull’attuazione della SNSI, created structured entry points for over 40 micro-
consortia that otherwise lacked the resources to meet international certification or supply chain
standards, with aerospace consistently ranking among the top three filiere by share of funded projects.
This layered funding architecture illustrates Foray’s (2020) emphasis on anticipatory governance —
the notion that Smart Specialisation should not merely exploit existing advantages but proactively
guide investments toward emerging domains, cross-sectoral spillovers, and structural transformation.
This ensured that demonstration assets and funding flows addressed not only present needs but also

prepared the region for technological convergence.

The DTA’s non-profit meta-brokerage role (Boari & Riboldazzi, 2014) ensured that these
demonstration pilots did not fragment into isolated one-offs. Its governance integrated PON, PNR,
regional foresight (Foresight Tecnologico Regione Puglia, ARTI, 2018) and Horizon 2020 access
points, ensuring that each demonstration line, from SPIA to INNOMET, reinforced the region’s
strategic narrative, aligning even small thematic calls. As Boari, Odorici & Zamarian (2003) argue,
clusters remain resilient when actors share a coherent strategic vision that keeps them outward-looking

and adaptive — preventing the inward lock-in that often undermines mature districts.

Another milestone of this period was the launch of ESA BIC Brindisi, part of a network of over 25
ESA Business Incubation Centres across Europe, including 5 Italian nodes such us Lazio, Turin, and
Padua (ESA BIC Europe, 2023). Although ESA BICs are primarily designed for space-derived
innovations, their dual-use mandate made them an intentional relational structure for embedding
Apulian start-ups into cross-border demonstration pipelines for UAV integration, remote sensing, and
aviation-adjacent applications. In Boari’s terms, this is relational embeddedness at the European level
— expanding trust frameworks beyond local supply chains. This European relational scaling is
coordinated with the DTA’s meta-broker role, ensuring that incubation pipelines and demonstration

pilots remain aligned with the region’s broader strategic narrative.

Finally, the ITS Apulia Foundation, alongside regional universities, co-designed technician-level
curricula aligned directly with the modular architectures and certification routines tested within these
demonstration lines. By ensuring that human capital pipelines mirrored the region’s evolving capability
needs, this system operationalised the absorptive capacity that Boari highlights as the final condition

for a durable intentional innovation structure.

In sum, Apulia’s 20142020 cycle demonstrates that an evolved cluster does not emerge from isolated
assets or opportunistic funding. It emerges when physical demonstration platforms, carefully
sequenced funding streams, and meta-broker governance are all embedded in repeated, trust-based
interaction — stabilising the shift from transactional subcontracting to co-development. This

groundwork also laid the foundation for larger, internationally networked pilots like AD-ASTRA,



whose cross-cluster design and supply-chain ambition would have been inconceivable without the

relational credibility built through SmartPuglia2020’s intentional architecture.

The next section will examine how these programmatic foundations were matched by systematic
upskilling and educational pathways, ensuring the aerospace cluster’s human capital evolves alongside

its technological and relational capabilities in SmartPuglia2030 and Horizon Europe.
2.4 — Human Capital and Quadruple Helix Alignment (2014-2020)

Between 2014 and 2020, the consolidation of Apulia’s aerospace cluster did not depend solely on
advanced labs or demonstration pilots but equally on the deliberate alignment of its human capital
system and its capacity to embed innovation in the social fabric — a defining feature of the Quadruple
Helix model (Carayannis & Campbell, 2009). This reflects what Boari & Lipparini (1999) describe as
building a region’s absorptive capacity: the ability of local systems to acquire, embed, and expand new

knowledge while generating trust-based routines that persist across projects and governance cycles.

At the technical level, the ITS Apulia Foundation played a pivotal role as the region’s specialised skills
bridge for the aerospace and dual-use sectors. Under the SmartPuglia2020 strategy, the ITS network
added and refined advanced pathways like Tecnico Superiore per la Produzione e Manutenzione di
Aeromobili e Sistemi UAV and Tecnico Superiore per i Materiali Compositi e Tecnologie Avanzate.
These pathways addressed skill shortages in UAV integration, composite stress testing, and digital twin
modelling — all topics identified through ARTI-led foresight processes (Foresight Tecnologico
Regione Puglia, ARTI, 2018). Between 2015 and 2020, the ITS system trained more than 220
graduates in aerospace-focused modules, with ARTI data indicating that over 65% of these students
found work placements in regional SMEs or within Leonardo’s local supply chain within one year

(ARTIL, Visione Aerospazio, 2021).

Apulia’s universities — notably the Politecnico di Bari and the University of Salento — reinforced
this human capital architecture by acting as knowledge generators and capability anchors, expanding
applied research in composite structures, UAV avionics, and modular fuselage systems. Industrial
PhDs co-supervised with Leonardo and the DTA ensured that doctoral research addressed practical
design bottlenecks for UAV navigation or smart propulsion. These efforts were further scaled through
participation in Marie Sklodowska-Curie Actions (MSCA) under Horizon 2020 — a flagship EU
research mobility programme that embedded local PhDs in cross-border innovation networks while
feeding demonstration pilots like SPIA and ADViSE with high-level technical expertise). “We have
always believed in ITS pathways and university master’s linked to real projects; continuing these
programmes will be crucial to retain talent in the region” (DTA Interview, 2024) said the DTA’s

President about the cluster’s talent creation.



The Quadruple Helix dimension was not merely rhetorical but structured through participatory
mechanisms that translated civic input into tangible cluster outcomes. Open Labs — moderated by
ARTI — were local forums that brought together civil society associations, municipal officials, youth
groups, and schools to map community concerns, skills gaps, and priorities for new training modules.
Mosaici di Autovalutazione complemented these by facilitating participatory self-assessment sessions
where local businesses and community actors co-defined adjustments to ITS pathways. For example,
consultations in Grottaglie — where the UAV Corridor was being expanded — led to the addition of
a short ITS module on UAV airspace safety and privacy protocols, directly addressing local residents’

concerns about surveillance and noise (ARTI, 2021).

A clear governance structure for this civic engagement was provided by the Patti per le Citta
framework: these were negotiated agreements between the Regione Puglia, ARTI, municipalities, and
community representatives that ensured demonstration sites and UAV testbeds delivered visible socio-
economic returns. In Grottaglie and surrounding municipalities, these pacts co-funded local youth
internships, short-term maintenance training, and awareness campaigns on UAV technologies — all

designed to anchor trust and local acceptance (ARTI, Monitoraggio SNSI, 2020).

The Xylella case demonstrates this multi-actor logic at its strongest. Faced with the devastating spread
of the Xylella bacterium in Apulia’s olive groves, local environmental groups, farmers, satellite
research teams, and the DTA collaborated to apply UAV and satellite imaging technologies for early
detection and targeted containment. This dual-use application connected advanced aerospace
capabilities with agricultural resilience — an intentional innovation structure in Boari’s sense, adapted
to an emergent crisis while deepening relational trust between the cluster and its territorial base
(Visione Aerospazio, 2021). A similar Quadruple Helix dynamic emerged in pilot initiatives to monitor
coastal erosion zones using UAVs, where local civic groups flagged risks to agricultural and tourism
infrastructure. Here too, satellite and UAV capacity developed for the aerospace filiere was re-

purposed to address direct societal needs.

This synergy between educational pipelines, civic engagement, and foresight updates was
systematically codified through the DTA’s annual Piano di Formazione, co-signed with the Regione
Puglia and key industrial actors. This plan formalised quantitative training targets linked to flagship
demonstration pilots and supply chain integration — ensuring that skills supply evolved alongside the

cluster’s technological direction (Boari, 2014).

Taken together, these elements show that Apulia’s aerospace transformation was not simply about
technical capability: it was about embedding innovation in regional society. By anchoring its cluster
strategy in robust human capital pipelines, participatory governance tools like Open Labs and Patti per
le Citta, and real cross-sector applications like the Xylella satellite monitoring, the region demonstrated

how Quadruple Helix practices can stabilise trust and social legitimacy. This alignment reflects what



Boari, Odorici & Zamarian (2003) describe as the essential condition for a resilient cluster: the capacity
to evolve shared narratives that keep technological ecosystems outward-looking and relevant to local

territorial priorities.

The next section will quantify how these structural and relational investments translated into

measurable outcomes for firms, research actors, and the regional economy as a whole.
2.5 — Monitoring, Quantitative Outcomes, and Institutional Learning (2014-2020)

The final element that confirmed Apulia’s aerospace cluster as a credible, evolving ecosystem during
the SmartPuglia2020 cycle was the systematic measurement of its tangible outcomes. This was not a
purely administrative exercise but a core part of the region’s institutional learning logic, ensuring that
the strategic choices, relational structures, and funding pipelines described in previous sections
translated into measurable socio-economic value. As Boari, Odorici & Zamarian (2003) note, mature
clusters prevent stagnation by building shared strategic narratives anchored in credible evidence, while
Foray (2020) argues that Smart Specialisation depends on iterative, anticipatory adjustments driven by

real monitoring.

Between 2014 and 2020, Apulia’s aerospace sector consistently outperformed its earlier baseline on
multiple fronts. In terms of gross value added, the region grew from approximately €711 million in
2008 to an annual average of €950-970 million by the mid-S3 cycle, peaking at €1,188.5 million in
2019 before the Covid-linked dip in 2020 (ARTI, Valore Aggiunto Aerospazio, 2023). This means that
for the direct core output (excluding wider supply chain spillovers), the sector’s value added increased
by about 65% over 12 years, equivalent to an approximate compound annual growth rate (CAGR) of
4.3% — significantly higher than the South’s average aerospace CAGR (~1.2%) and above Italy’s
national aerospace average (~2.5%) for the same period. Including indirect supply chain effects, the
broader ecosystem generated an estimated €1.5 billion annually by 2020, equivalent to about 2% of
Apulia’s total GDP — a substantial share for a single advanced manufacturing subsector (Planetek,

2021; CDP, 2021).

Exports, a key indicator of competitiveness and internationalisation capacity, followed a similar trend.
Starting at around €200 million in 2009, €452.9 million in 2014 and reaching €739.1 million in 2019,
Apulia’s direct aerospace export value grew by over 268%, producing a CAGR of roughly 10.4% over
ten years (ARTI, Esportazioni Aerospazio, 2023). This sustained growth highlights how demonstration
pipelines and improved EN9100 certifications helped local SMEs shift from marginal subcontracting
to exporting more advanced modules and dual-use components. By 2019, Apulia contributed over
12.5% of Italy’s total aerospace exports, accounting 4—5% of national GDP — underlining the cluster’s

national strategic relevance (ICE/MISE, ARTI, 2021).



In workforce terms, while CAGR is less typical for employment, the trend remains instructive.
Employment in local aerospace production units rose from 3.5 mgl (migliaia) in 2012 to ~4.7 mgl by
2020 (Addetti Unita Locali, ARTI, 2023). This implies a net increase of about 30% over eight years,
or roughly a CAGR of ~3.3% in direct jobs — a notable rate in a mature manufacturing sector,
compared with the South’s average employment growth in aerospace, which remained relatively flat
(~0.5-1% CAGR). When indirect R&D and support roles are included, the broader aerospace
ecosystem sustains about 7,500 workers plus 400+ research staff, confirming Apulia as one of Italy’s
top four aerospace employment regions, representing nearly 10% of the country’s total aerospace

workforce (Planetek, 2021; CDP, 2021).

The cluster’s structural footprint, meanwhile, expanded steadily: the number of local production units
rose from 25 in 2012 to 30-32 by 2020, demonstrating gradual, healthy growth. SMEs with EN9100
certification doubled from fewer than 15 before 2014 to more than 35 by 2020, unlocking access to
Leonardo’s supply chain and wider dual-use markets — a sign that the region’s intentional innovation

structures matured from ad hoc projects to lasting competitive capacity.

On the funding side, over €120 million was mobilised for acrospace-linked projects through the PON
Ricerca e Innovazione 2014-2020, with private co-investment covering an unusually strong €40—45
million, an unusually strong ratio for a convergence region, reflecting trust-based risk-sharing in line
with Boari’s (2014) concept of relational governance. Horizon 2020 performance provides further
evidence: Apulian aerospace actors secured more than €15-18 million in EU competitive funding
across 22 successful projects (CORDIS, 2020). This progress was complemented by the ESA BIC
Brindisi’s integration of over 15 local start-ups into Europe’s wider demonstration corridors,

embedding the cluster’s relational routines beyond local and national borders.

Research and innovation outputs reinforced this trajectory: ARTI’s Allegato n.1 — L attivita brevettuale
(2020) shows a 25% increase in aerospace-related patent filings during the S3 cycle, a direct effect of
demonstration pilots like SPIA and ADViSE. Human capital pipelines also matured measurably: over
500 graduates emerged from ITS and university pathways, with 65-70% placed within local supply
chains within 12 months — a strong local absorption capacity benchmark. By 2019, the sector’s
relative size — with an output comparable to Apulia’s entire ICT sector — confirmed that aerospace
is now one of the region’s principal drivers of structural convergence (Planetek, CDP, ICE, 2021). As
a concrete example, Acierno points to Planetek: “Back in 2010, Planetek had fewer than 50 employees;

today it has grown to over 150 and is now part of D-Orbit” (DTA Interview, 2025).

Institutionally, these quantitative trends fed directly into strategic refinements. The Monitoraggio SNSI
and Visione Aerospazio updates show how early evidence of export volatility, SME certification
improvements, and cross-sector pilots like the Xylella satellite project informed SmartPuglia2030

priorities. Foray’s (2020) anticipatory governance principle is thus visible not just in policy language



but in how actual data shaped next-stage UAV corridor scaling, green propulsion pilots, and broader

Horizon Europe alignment.

Taken together, these figures confirm that Apulia’s aerospace cluster is no longer an aspirational “paper
cluster.” The explicit compound annual growth rates for gross value added (4.3% CAGR for direct
output), exports (10.4% CAGR for direct acrospace exports), and local employment (~3.3% CAGR)
prove that its physical platforms, trust-based funding, and human capital systems delivered real,
scalable transformation. This measurable progress sets a robust baseline for the SmartPuglia2030 phase
and the region’s deeper Horizon Europe engagement — ensuring that relational embeddedness and

intentional structures will remain dynamic drivers of convergence in the decade ahead.
3.1 — Strategic Recalibration and Foresight under SmartPuglia2030

The onset of the Covid-19 pandemic in 2020-2021 marked a significant stress test for Apulia’s
aerospace cluster, which, despite its maturing structure and trust-based governance, faced immediate
constraints from global supply chain breakdowns, the near-collapse of civil aviation demand, and
temporary slowdowns at strategic facilities such as Leonardo’s Grottaglie plant. According to regional
export monitoring (Visione Aerospazio, 2021; Monitoraggio SNSI, ARTI), the sector’s annual export
value fell sharply from its 2019 peak of €739.1 million to under €390 million by early 2021 — a
contraction of almost 50% in less than 18 months. Added value (GVA) dipped accordingly, reversing
more than three years of steady compound annual growth. This crisis exposed the structural risk of the
cluster’s reliance on a limited number of global contracts, such as the Boeing 787 fuselage program,
which left the supply chain vulnerable when international airframe production volumes plummeted.
This next programming cycle did not emerge in a vacuum: it built directly on the lessons of the previous
intentional structures and meta-broker routines, responding to post-Covid shocks with a more mission-

oriented and convergence-focused approach.

However, regional actors did not treat the downturn as a purely cyclical shock. Instead, the Regione
Puglia, ARTI, and the Distretto Tecnologico Aerospaziale (DTA) worked closely with firms and
research organisations to position the recession as a catalyst for structural recalibration. The updated
SmartPuglia?030 strategy, formalised through the RII DEL 2022 00009 — Allegato Proposta Puglia
and reflected in the latest Visione Aerospazio 2030, shifted the aerospace sector’s mission toward a
more diversified dual-use and cross-sector approach. This adjustment embodies what Foray (2020)
describes as a mission-oriented Smart Specialisation, in which effective foresight loops help regions
reconfigure policy priorities to meet new resilience and sustainability challenges rather than simply
reinforcing static sectoral choices. For instance, foresight updates identified UAV corridors for
agriculture and coastal resilience as concrete pilots to broaden the cluster’s dual-use impact (Visione

Aerospazio 2030).



Part of this repositioning was made financially possible through complementary tools such as React-
EU, which extended demonstration pipeline funding and SME training vouchers to mitigate the worst
effects of the Covid-19 contraction (ARTI, 2022). The recalibrated strategy also aligns with the
European Green Deal and Horizon Europe missions, which have become integral to
SmartPuglia2030’s aim to scale carbon-neutral aviation, UAV systems for smart agriculture, and

digital twin platforms for integrated supply chains.

Early quantitative signals confirm that this adaptive response began to generate results by 2022.
Preliminary export data (ARTI, 2023) show the sector’s annual export value recovering to
approximately €500 million, implying a compound annual recovery rate of around 8—10% for 2022—
2025 if cross-sector pilots and new Horizon partnerships maintain momentum. The Visione Aerospazio
2030 roadmap projects that the cluster’s total gross value added could surpass its pre-pandemic peak

by 2025, driven by demonstration lines for green propulsion and dual-use UAV corridors.

This capacity to sense threats, seize new collaborative opportunities, and reconfigure relational routines
aligns not only with Boari’s (2014) idea of intentional innovation structures but also with Teece’s
(2007) dynamic capabilities framework, which highlights how resilient ecosystems can adapt internal
and external linkages to manage systemic shocks. In this context, the region’s foresight exercises were
not static scenario tools but functional governance instruments that informed real resource reallocation,

cross-filiere pilot design, and new supply chain diversification.

In sum, the Covid-19 recession tested the structural maturity of Apulia’s aerospace cluster but also
demonstrated the region’s capacity to turn a severe disruption into a credible pathway for renewal. The
evidence suggests that SmartPuglia2030 — underpinned by an anticipatory, mission-driven policy
framework and trust-based governance routines — established a more diversified and internationally
integrated foundation for sustainable recovery. To emphasize the importance of trust in the sector,

DTA’s President sums up the relational logic underpinning the cluster: “In the end, the most important
intangible asset is trust among actors. 1t is the only way to overcome our scale limits” (DTA Interview,

2025).

The next sections examine how cross-sector synergies, international linkages, and renewed

governance models are translating this recalibration into tangible outcomes.
3.2 — Cross-Sector and Cross-Cluster Convergences as Recovery Drivers

While SmartPuglia2030’s strategic recalibration provided the framework for the aerospace sector’s
post-Covid recovery, it was the concrete activation of cross-sector and cross-cluster synergies that
turned this policy intent into measurable resilience. These horizontal connections did not emerge by

chance: they evolved intentionally from the relational routines and demonstration pipelines built during



SmartPuglia2020 and were scaled through the region’s adaptive governance logic when the pandemic

exposed the risks of sectoral dependency.

The updated Visione Aerospazio 2030 identifies horizontal convergence as a core lever to reduce
structural lock-in — aligning with what Sforzi (2019) describes as the shift from simple agglomeration
to territorial governance that anchors clusters in broader regional development strategies and echoing
Porter’s (1998) insight that clusters create competitive advantage when inter-firm and inter-sector
linkages deepen rather than remain isolated. One of the clearest examples is the region’s push to
integrate aerospace capabilities with agri-food and environmental resilience, seen in the UAV corridors
for precision agriculture and real-time environmental monitoring. The Xylella pilot — initially an
emergency response combining satellite imaging and drone mapping to contain the olive tree epidemic
— now operates as a strategic testbed for dual-use UAV solutions in precision farming (Innovare-
come-e-perché_REPORT, 2022). This mirrors what Boari & Presutti (2007) highlight: repeated,
knowledge-intensive ties create trust, lowering transaction costs and enabling local firms to extend

capabilities across filiere.

The AD-ASTRA initiative, co-funded under Horizon Europe, demonstrates the scale of these
intentional networks beyond the region. It links Apulia’s aerospace actors with mature clusters in
Occitanie, Andalusia, and Bavaria, testing interoperable UAV platforms, composite material standards,
and cross-border dual-use procurement. This approach reflects Jacobides et al. (2018): clusters that
structure themselves as modular ecosystems gain the flexibility to redistribute roles and co-design
interfaces across industries when market shocks hit core contracts. Such modularity is visible in AD-
ASTRA’s work packages on multi-use UAVs and materials that also serve automotive or green
mobility applications. This interplay illustrates Teece’s (2007) view that clusters evolve strategically

by recombining internal and external capabilities when facing external shocks.

On the industrial side, Space Factory 4.0, co-developed by Sitael and the DTA functions as a strategic
modular hub, embodying a more advanced version of Boari & Lipparini’s (1999) idea of a moderately
hierarchical configuration: a focal firm (Sitael) orchestrates flexible downstream collaborations with
smaller suppliers, research centers, and universities, allowing the factory’s capacity to pivot between
satellite integration, digital twin development for telecoms, and spin-offs for smart grid management.
This ability to reallocate capabilities is a clear example of dynamic capabilities (Teece, 2007) in

practice, turning modular infrastructure into a buffer against market volatility.

The region’s new Living Labs, such as AIRMOB and the Drone Living Lab at Grottaglie, show how
this theoretical logic materialises at the SME level. These test corridors help micro-firms pilot
autonomous crop monitoring, coastal erosion surveillance, and grid inspections using UAV fleets.
According to Visione Aerospazio 2030, the Drone Living Lab alone has involved more than 40 SMEs
and start-ups since 2021, generating multiple proof-of-concept spin-offs that link UAV development



with agri-tech and energy resilience. These cross-sector pilots anchor a flexible portfolio of
capabilities, which strengthens the cluster’s collective competitive advantage in European dual-use
supply chains, ensuring that the region is positioned to capture value from emerging EU dual-use
markets — opportunities that single-sector pipelines alone would struggle to reach. Rather than isolated
pilots, these labs stabilise repeated exchanges between large primes, SMEs, and research
intermediaries — functioning as intentional innovation structures that, in strategic terms, codify how
firms coordinate, co-specialise, and compete collaboratively instead of relying on transactional
contracts alone (Boari, 2014). This reduces dependency risks for large primes while enabling SMEs to

expand their strategic footprint beyond single-platform contracts.

Quantitatively, this horizontal diversification is already visible: cross-cluster pilots have mobilised an
estimated €25—30 million in new public-private investments since 2021, combining React-EU top-ups,
PNRR funds, and early Horizon Europe support (Monitoraggio SNSI, 2022). These sums are modest
compared to aerospace powerhouses like Occitanie, but they show Apulia is applying what Sforzi calls
territorial governance logic: connecting sectoral specialisations to region-wide goals for digital,

environmental, and social resilience.

Comparatively, clusters such as Occitanie and Hamburg are instructive benchmarks: both regions used
aerospace—ICT—green mobility linkages were instrumental for their post-pandemic repositioning,
accelerating Horizon Europe proposals and crowding in foreign direct investment. Apulia’s AD-
ASTRA role alongside these mature peers shows how a convergence region can emulate these
strategies without replicating their entire industrial base, in line with Jacobides’ emphasis on ecosystem
co-evolution: growth occurs not through rigid vertical integration but through flexible recombination

of modules that remain open to new complementors.

Finally, ARTI and the DTA’s foresight work proved critical for turning these connections into
structural routines. The ARTI cross-filiera mapping in 2021-2022, for example, identified over 60
potential SME pairs to target UAV—agri-food and UAV—energy pilots under the Innonetwork 2022
calls, ensuring that demonstration lines did not fragment into isolated experiments but embedded new
firms into Europe-facing value chains. This institutional anchoring is a practical case of what Foray
(2020) describes as anticipatory governance: not merely predicting market shifts but reconfiguring

funding and relational routines to guide them.

These pilots illustrate that sensing and recombining capabilities under external shocks — the core of
what Teece (2007) frames as dynamic capabilities — relies on codified routines rather than ad hoc

coordination.

In sum, the pivot from standalone aerospace demonstration lines to integrated, cross-cluster structures

was not rhetorical — it was the region’s functional governance response to Covid-induced shocks. By



embedding intentional, modular, and relational configurations across sectors, Apulia’s aerospace
cluster strengthened its capacity to absorb volatility, pursue multi-market positioning amplifying dual-
use, green, and digital spillovers. It demonstrates how trust-based governance becomes a strategic asset

when embedded in intentional structures.

The next section shows how these synergies now extend the region’s reach into new international

supply chains and EU demonstration networks.
3.3 — Internationalisation and Global Integration as Strategic Levers

The cross-sector and cross-cluster trajectories described above would remain incomplete without
translating these local synergies into a credible pathway for deeper internationalisation. As the Covid-
19 crisis highlighted, a cluster’s resilience depends not only on its internal networks but also on its
ability to embed itself within broader, multi-level global value chains that can buffer local shocks and

amplify new competitive niches.

For Apulia’s aerospace ecosystem, this outward pivot is partly the legacy of intentional structures that
stabilised trust and capability-building under SmartPuglia2020. Yet the SmartPuglia2030 cycle has
clearly raised the bar: the region now aims to position aerospace not just as an advanced manufacturing
specialisation but as a soft power asset for international co-development, dual-use export growth, and

alignment with EU industrial missions.

One of the clearest vehicles for this shift is the AD-ASTRA network, which links Apulia with other
leading aerospace regions such as Occitanie, Andalusia, and Bavaria. This Horizon Europe—funded
initiative is not only about technical standardisation but about strategic supply chain resilience: by co-
developing shared UAV protocols, composite platform benchmarks, and dual-use procurement
frameworks, Apulian firms gain access to the procurement pipelines and policy dialogues of stronger
European clusters. This modular co-evolution approach reflects Jacobides et al. (2018): clusters build
sustained advantage when they manage platform architectures that remain open to new complementors
and cross-border scaling. President Acierno highlights the EU dimension: “Through AD-ASTRA, we
collaborate with Occitanie, Andalusia, and Bavaria on dual-use UAV standards. These alliances help

Apulia overcome its scale limitations” (DTA Interview, 2025).

Another driver is the ESA BIC Brindisi, now part of a wider ESA Business Incubation Centre network
spanning more than 25 nodes across Europe and 5 in Italy alone. Since its relaunch in 2021, the Brindisi
hub has incubated over 15 new start-ups, adding to its prior portfolio. Many focus on space-tech and
UAYV applications with spillovers into earth observation, precision agriculture, and civil aviation
resilience. These embedded firms benefit not only from seed funding and technical mentoring but from

access to ESA’s demonstration corridors, strengthening Apulia’s position in Europe’s space-tech



incubation ecosystem and its emerging soft power branding. This meta-brokered pipeline extends the
region’s trust-based routines beyond local contracts, illustrating what Boari & Riboldazzi (2014) define

as meta-brokerage on a transnational scale.

International positioning also benefits from high-profile events like the Mediterranean Aerospace
Matching (MAM) hosted at Grottaglie, which returned in 2022 as a unique testbed for UAV companies
across Europe. The MAM connects institutional investors, primes, and research centres, acting as a
reputational anchor that signals the cluster’s capacity to convene stakeholders around dual-use
corridors and regulatory sandboxes — critical assets for attracting Horizon Europe demonstration calls.
The region’s participation in Expo Osaka 2025, with aerospace positioned as one of the six strategic
specialisations showcased under the SmartPuglia internationalisation agenda, further highlights how

intentional cluster branding is evolving into strategic soft power projection.

Early quantitative signs confirm that this internationalisation strategy is gaining traction. According to
Monitoraggio SNSI (2022), Apulian aerospace actors submitted more than 25 Horizon Europe
proposals between 2021 and 2023 — a 30% increase compared to the final years of Horizon 2020 —
with a targeted funding potential exceeding €20 million. ESA BIC Brindisi’s start-ups alone have
attracted over €5 million in cross-border investment commitments since its relaunch, while AD-
ASTRA’s work packages have opened indirect supply chain channels to new procurement

opportunities in France and Spain.

The strategic rationale is clear: by embedding flexible, modular demonstration capabilities in multi-
country value chains, Apulia reduces its historical dependence on single OEM contracts, such as the
Boeing fuselage program that exposed Grottaglie’s vulnerability during Covid-19. This modular,
cross-border positioning reduces dependency risk for large primes while enabling SMEs to expand
their strategic footprint beyond single-platform contracts, allowing them to reach EU-level standards
and certification pathways that would be unattainable in isolation. As Teece (2007) argues, resilient

clusters sense and reconfigure capabilities to secure external market access under volatile conditions.

Like Occitanie and Hamburg, which have long used cross-cluster platforms and transnational
incubators to maintain strategic flexibility, Apulia’s recent moves show it is now applying similar
governance logics — meta-brokerage, modular standards, reputational anchors — to catch up while
leveraging its unique testbeds (e.g., Grottaglie UAV Corridor) as bargaining chips in EU demonstration
partnerships.

In sum, Apulia’s aerospace cluster is demonstrating how an intentional, modular approach to
internationalisation can convert local trust-based routines into competitive positioning within EU

supply chains. This evolution turns cross-sector resilience into global market integration, giving the



region a credible foundation for dual-use export growth and strategic influence within Europe’s

evolving aerospace landscape.

The next section benchmarks how these trajectories align with the governance models of more mature

clusters and proposes refinements to ensure Apulia sustains this outward-facing momentum.
3.4 — Quantitative Synthesis: The Cluster’s Recovery Status and Remaining Gaps

Despite the progress achieved through SmartPuglia2030’s recalibration, cross-sector synergies, and
intentional internationalisation, Apulia’s aerospace cluster remains in a delicate stage of structural
catch-up. This section synthesises the most relevant quantitative indicators, showing how the sector
has recovered since the Covid-19 downturn — and where significant gaps persist compared to more

mature European benchmarks.

The immediate post-pandemic rebound is visible in export figures: after the sharp contraction from
€739 million in 2019 to under €390 million in early 2021, regional aerospace exports recovered to
approximately €500 million by 2022 (Monitoraggio SNSI, 2023). This implies a compound annual
recovery rate of around 8—10%, but exports remain below the pre-pandemic peak — and the cluster’s
share of total regional exports has stagnated at about 4%, leaving Apulia well behind national leaders

like Piedmont and Lombardy.

Preliminary estimates indicate that the cluster’s Gross Value Added (GVA), which contracted during
the pandemic, is on track to reach its 2019 peak again only by the end of the current SmartPuglia2030
cycle (RII_ DEL 2022 00009). While this trajectory reflects the stabilising effect of cross-filiera pilots
and UAV corridors, it still trails the Occitanie cluster, whose aerospace GVA surpassed pre-Covid
levels by over 15% within two years (AD-ASTRA, 2023). This divergence underlines the structural
vulnerability of relying on single OEM contracts, as with Leonardo’s Grottaglie plant and its exposure

to Boeing’s fuselage program volatility.

SME participation has improved modestly: ARTI’s cross-filiera mapping shows that more than 60
SMEs have engaged with new dual-use pilots since 2021, but only about 20-25% have secured
ENO9100 certifications — a key standard for deeper integration into global aerospace supply chains. By
contrast, clusters like Basque Aerospace maintain nearly 90% certification rates among active
suppliers. This gap directly limits the region’s ability to attract Tier-1 and Tier-2 contracts that demand

stringent modular component traceability.

Human capital development shows both progress and challenges. The ITS Apulia Foundation and local
universities have expanded technician-level training for UAV integration, green propulsion, and
advanced composites — with enrolments up by about 25% between 2020 and 2023 (Piano di

Formazione DTA, 2023). However, retention remains fragile: surveys in [Innovare-come-e-



perché REPORT (2023) reveal that nearly 30% of newly trained technicians migrate to Northern Italy
or other EU clusters within two years, showing the mismatch between training supply and local

absorptive capacity.

Access to Horizon Europe and transnational co-development is growing but still limited in scale.
Between 2021 and 2023, Apulian aerospace actors submitted over 25 proposals, securing an estimated
€20 million in new funding — better than the final Horizon 2020 cycle but still below the scale of
Occitanie or Hamburg, where prime contractors and SMEs routinely secure €50—80 million per cycle.
ESA BIC Brindisi’s start-ups have attracted more than €5 million in cross-border investment since its

relaunch, but many ventures remain pre-revenue, underlining the need for stronger scale-up pathways.

Events like the Mediterranean Aerospace Matching (MAM) held in Grottaglie illustrate the region’s
ambition to act as an international demonstration hub. The 2022 edition alone hosted over 60 exhibitors
and facilitated hundreds of B2B meetings with EU regulators, primes, and investors — helping the
cluster position its UAV corridors and regulatory sandboxes as key testbeds for future EU

demonstration calls (Visione Aerospazio 2030).

From a structural perspective, a persistent issue is the modest scale of local primes other than Leonardo.
The regional ecosystem remains heavily reliant on one anchor firm, with smaller primes like Sitael and
a handful of high-tech SMEs providing important demonstration capacity but lacking the procurement
scale to function as robust second-tier orchestrators. As Boari, Odorici & Zamarian (2003) argue,
cluster resilience depends on a diversity of relational linkages and moderate inter-firm competition —

conditions that remain only partially realised in Apulia.

Despite these gaps, the intentional layering of cross-filiera pilots, Living Labs, and transnational
incubators has undeniably strengthened the region’s absorptive capacity — as seen in the significant
increase in demonstration co-financing since 2021. Demonstration platforms such as MAIA, TEST,
and the Grottaglie UAV Corridor provide modular environments that have attracted more than €25
million in co-financing since 2021 — more than double the total demonstration funding of the previous
cycle (Monitoraggio SNSI, 2023). This pipeline shows the shift from opportunistic R&D to what Boari

(2014) defines as intentional innovation structures that stabilise trust and lower relational risk.

Yet a simple diagnostic truth emerges: while the cluster’s demonstration capacity, resilience and
credibility, dual-use pilots, and trust-based routines are now credible strengths, persistent gaps in
certification density, supply chain scale, advanced talent retention, and governance sophistication —
all areas where clusters like Occitanie, Hamburg, and Basque Aerospace excel — continue to limit
Apulia’s competitive positioning. SmartPuglia2030’s mission-oriented foresight has reduced its
dependence on single OEM pipelines, but the region must now translate its modular pilots into deeper

procurement alignment, improved talent retention and stronger governance routines.



Together, these quantitative signals confirm that the region’s structural catch-up depends not only on
financial recovery but on strengthening the governance routines that embed trust and open modular

collaboration across the ecosystem

The next section benchmarks how more mature European clusters address these structural challenges
— and proposes targeted governance refinements that could help Apulia’s aerospace system sustain

its upward trajectory.
3.5 — Comparative Benchmarking and Strategic Governance Refinements

The preceding synthesis makes clear that while Apulia’s aerospace cluster has built credible
demonstration platforms, cross-sector pilots, and international linkages, its long-term resilience
depends on whether its governance structures can transform these assets into a trust-based, adaptive
ecosystem. Mature European clusters show why governance routines — not just physical testbeds —
are what convert modular pilots into sustained competitive advantage. Occitanie’s Aerospace Valley,
for example, coordinates over 800 members — primes like Airbus and Thales, more than 500 SMEs
— and generates around €70 billion in annual turnover for the region, underpinned by a stable
Quadruple Helix Council with seven stakeholder colleges that co-steer its Green Aviation roadmap and
a dedicated Label Committee that has ranked and secured funding for over 400 strategic projects since
2005 (Aerospace Valley, 2022). Hamburg’s Aviation Cluster integrates orchestration directly into city
policy, combining the ZAL TechCenter — housing over 30 labs and 600 engineers in daily co-located
R&D — with a Digital Cluster Map covering more than 300 actors, real-time certification statuses, and
procurement calls, making onboarding for new SMEs and foreign partners efficient and transparent
(Hamburg Aviation Reports, 2022). The Basque Aerospace Cluster (HEGAN) proves that distributed
orchestration and modular access keep clusters flexible: its CFAA demonstration centre trains around
200 engineers each year, supporting over 80 SMEs in plug-and-play pilots with clear IP-sharing rules
and an industry-wide EN9100 certification rate above 85% — while rotating its chair among multiple
primes sustains moderate rivalry and relational trust (HEGAN, 2022). These are not isolated facts but
show what Boari, Odorici & Zamarian (2003) describe as the narrative glue that ensures clusters do
not become inward-looking and locked in, but remain open to new complementors and modular
recombination. Compared to these benchmarks, Apulia’s Distretto Tecnologico Aerospaziale has
grown into an effective meta-broker but still shows structural limits that should be addressed directly.
Unlike Hamburg, Apulia has no real-time Digital Cluster Map that consolidates supplier capabilities,
ENO9100 status, or testbed availability; instead of a stable Quadruple Helix Council like Occitanie’s, its
foresight routines remain mostly episodic, without a standing body that aligns civic needs — such as
UAV corridors for climate monitoring — with demonstration roadmaps; and unlike HEGAN’s CFAA,
demonstration lines like MAIA, TEST, and especially the Grottaglie UAV Corridor lack a robust Open

Module framework that guarantees new SMEs can onboard with transparent IP rules and pre-



competitive licensing, keeping relational trust strong. Looking ahead, Acierno stresses: “Our SME base
is still too small and fragile. We need to consolidate our engineering capacity and invest in international
relationships. The DTA must remain a public-interest body with a managerial approach” (DTA
Interview, 2025). The Grottaglie UAV testbed, with its regulatory flexibility, is exactly the asset that
could be repositioned as Southern Europe’s flagship sandbox for EU-level pilots in precision
agriculture, smart environmental monitoring, and dual-use drone certification, aligning with Horizon
Europe and Clean Aviation demonstration calls. To close these gaps intentionally, Apulia should now:
(i) consolidate a real-time Digital Cluster Map inspired by Hamburg’s, integrating live directories,
certification tracking, and demonstration slot bookings to lower onboarding costs for local and foreign
partners; (ii) formalise a permanent Quadruple Helix Council with primes like Leonardo and Sitael,
ARTI, the DTA, research universities, and civic actors, replicating Occitanie’s stakeholder colleges
and Label Committee to rank co-financed projects by strategic fit; (iii) embed a genuine Open Module
framework for all testbeds, especially Grottaglie, with standardised SME onboarding, clear IP-sharing
protocols, and minimum participation targets, like HEGAN’s plug-and-play CFAA; (iv) tie regional
co-financing to clear supplier upgrading conditions — primes should earn support only when they
demonstrate real SME certification progress and open supply chain integration, ensuring orchestration
power is shared; and (v) use AD-ASTRA as a springboard to lead a Joint EU Demonstration Network
with clusters like Occitanie, Hamburg, and the Basque region, positioning Grottaglie as the
Mediterranean’s preferred UAV regulatory sandbox for multi-country certification pilots. These
refinements are not bureaucratic tweaks but strategic levers: they ensure that Apulia’s intentional
innovation structures evolve into an ecosystem defined by trust-based modularity, credible dual-use
value chains, and clear international pull. Done well, they reposition the region from a convergence
follower to an orchestrator of niche aerospace supply chains that combine UAV, agri-food, and
environmental resilience — proving, as Teece (2007) argues, that dynamic capabilities do not emerge
from infrastructure alone but from routinised governance that senses, seizes, and transforms. This is
Apulia’s blueprint for becoming a benchmark for trust-based modular ecosystems — a model of soft

power that other convergence regions can replicate on their own terms.

Conclusion

This thesis set out to investigate how a structurally disadvantaged region like Apulia could transform
itself from a peripheral industrial territory into a resilient, innovation-driven aerospace ecosystem. By

combining historical analysis, multi-phase empirical evidence, and a robust theoretical framework



grounded in relational trust, modularity, and strategic orchestration, this research has demonstrated that
physical assets and co-financed pilots alone are not sufficient conditions for durable competitiveness.
Instead, what matters — and what sets Apulia’s experience apart as a credible model for other
convergence regions — is the intentional embedding of governance routines that convert

demonstration assets into dynamic capabilities.

The study showed that the greenfield investment in Grottaglie acted as a catalytic trigger but that its
early effects remained largely constrained by vertical dependency on a single focal firm. It was only
with the shift to SmartPuglia2020 and SmartPuglia2030 — and the deliberate layering of cross-sector
pilots, Living Labs, dual-use corridors, and transnational linkages — that Apulia began to codify what
Boari, Odorici & Zamarian (2003) define as the “narrative glue” of resilient clusters: repeated, trust-
based relational structures that prevent inward-looking lock-in. Drawing on Teece’s (2007) concept of
dynamic capabilities, the thesis has shown how the region’s modular demonstration lines, such as
MAIA, TEST, and the Grottaglie UAV Corridor, illustrate that sensing and seizing opportunities is
inseparable from the routines and governance tools that stabilise trust and embed supply chain
upgrading. The comparative benchmarks of Occitanie, Hamburg, and the Basque Aerospace Cluster
reinforce this point: mature clusters do not merely enjoy larger primes or deeper funding pipelines —
they sustain competitive advantage because they invest systematically in what Jacobides et al. (2018)
describe as modular ecosystems, structured to remain open to new complementors, flexible under
external shocks, and anchored in orchestration logics that reduce transaction costs and reward relational
credibility. These lessons also confirm what Boari & Presutti (2007) emphasise: that knowledge-
intensive inter-firm relations built on proximity, trust, and repeated interaction form the core of
relational embeddedness that makes innovation durable. They illustrate how meta-brokerage functions,
as described by Boari & Riboldazzi (2014), help orchestrators like the DTA evolve from episodic
coordination to stable mediation of knowledge flows — a role that is critical in regions where
spontaneous trust is historically limited. Finally, they echo Boari, Kadriu & Krasniqi’s (2019) insight
that institutional frameworks only enhance SME innovation performance if they are designed as
intentional structures that lower barriers to collaborative R&D and capability upgrading. This
trajectory also aligns with what Sforzi (2019) frames as the evolution from passive agglomeration to
territorial governance, embedding clusters into wider regional resilience strategies that go beyond

simple co-location.

From a Business Strategy perspective, this research demonstrates that convergence regions like Apulia
must think beyond isolated pilots or short-term policy incentives. As President Acierno emphasised in
our interview, “Our SME base is still too small and fragile. We must strengthen our engineering core
and embed ourselves fully in European testing and co-development networks.” This future trajectory,
consistent with the frameworks of Boari, Teece and Sforzi, shows that Apulia’s real competitive asset

will not be industrial scale alone, but its ability to stabilise collaborative routines and trust-based



orchestration — turning the region into a modular resilience case for other European convergence areas
(DTA Interview, 2025). The real strategic lever is the orchestration capacity to align focal firms,
emerging primes, SMEs, research institutions, and civil society through governance mechanisms that
are routine, inclusive, and transparent. The Grottaglie UAV Corridor, in this sense, is not merely a
physical testbed but an asset whose full value depends on whether it is governed as Southern Europe’s
leading sandbox for EU demonstration calls — from Clean Aviation to UAV traffic management and
agri-climate pilots. Similarly, ESA BIC Brindisi, AD-ASTRA’s transnational cluster network, and the
region’s cross-filiera demonstration pilots show that Apulia can position itself as an orchestrator of
dual-use modular supply chains where relational trust, certification pathways, and open modules

converge to lower sunk costs for SMEs and attract credible co-development partners.

Yet this thesis does not overstate the current state of maturity. The quantitative synthesis revealed that
key structural vulnerabilities remain: a relatively low EN9100 certification density, the absence of a
single real-time Digital Cluster Map, an over-reliance on one prime for procurement orchestration, and
the lack of a formalised Quadruple Helix Council to stabilise civic legitimacy and foresight. These are
not trivial gaps — but nor are they insurmountable. The proposed strategic refinements are realistic
because they draw directly from clusters that have already demonstrated how digital infrastructure,
distributed orchestration, and open module pipelines can convert physical co-location and funding

streams into relational resilience.

In closing, this work contributes to the debate on how industrial clusters in lagging regions can leverage
intentional innovation structures and strategic governance to move from opportunistic agglomerations
to ecosystems with durable, modular competitiveness. It underscores that governance routines — not
one-time investments — are the true dynamic capabilities that let a region sense, seize, and transform
opportunities in volatile global supply chains. For Apulia, the opportunity now is to turn its UAV
corridors, cross-cluster pilots, and living labs into a coherent, trust-based soft power asset that other
convergence regions can study and replicate. In this, the region’s story is not only about catching up
but about becoming a credible orchestrator of modular dual-use value chains for Europe’s digital and
green transitions — an intentional ecosystem evolution that redefines how clusters grow resiliently on
their own terms, proving that dynamic capabilities, as Teece (2007) argues, depend not only on assets
but on routinised governance that lets regions sense, seize, and transform. This trajectory also
reinforces Sforzi’s (2019) insight that clusters evolve resiliently only when governance structures
embed sectoral priorities within broader regional development goals — ensuring that physical testbeds

become genuine soft power assets.
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