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Preface 
Prior to pursuing a doctoral degree in social sciences, I was most recently involved in two 
different fields: civil engineering and football. However unrelated these two domains may 
seem, they share a crucial, devastating connection. They are both major contributors to 
the unprecedented existential crisis humanity is facing. Civil engineering through building 
construction is one of the most wasteful, polluting and emissions-intensive industries, 
accounting for 39% of global carbon emissions (Abergel et al., 2017). Similarly, football 
provides a magnified view, due to its popularity, of the steep socio-economic inequalities 
that deepen uncontrollably. A prime example is the Qatar 2022 World Cup, which involved 
corruption scandals, vast environmental damage and social controversies due to the 
proven exploitation of migrant workers (Paché, 2020). 

From day one in engineering school, we were instilled with the idea that engineers are 
problem-solvers, specialists in providing the optimal cost- and time-efficient solutions for 
each project. It was as if cost and time were the only objective parameters that mattered. 
Civil engineering is a vast field, ranging from house construction to highways, bridges, 
and underwater tunnels. It carries huge implications not only for individuals’ lives but for 
entire societies and their ecosystems. How can such complex and multifaceted issues be 
reduced to merely a cost- and time-efficiency problem? 

Instead of nurturing new generations of engineers to bloom by stimulating critical 
thinking, engineering schools cultivate a monoculture of ‘efficient’ project managers – 
neutral, objective implementers. But humans can be neither neutral nor objective. 
Engineering practitioners and educators are often fond of the idea that technique is 
neutral and demands experts who know what needs to be done (Saltelli et al., 2020). 
Meanwhile, the dense web of trade-offs, conflicting interests and externalities are 
implicitly ignored or explicitly disregarded (Taleb, 2012). 

However, I cannot ignore or disregard issues that largely contribute to the exploitation 
of humans and all other natural life. This conviction has led me to pursue a PhD in  
social sciences, where I aim to follow a pathway that makes me part of the solution,  
not the problem. Through my doctoral research, I seek to understand and address these  
systemic challenges, though I am not sure how well, if at all, I am fulfilling this purpose. 
Nevertheless, I will certainly keep trying. After all, even amid grave challenges, we are 
staggering forward.
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Introduction: Scope, aim and structure of the thesis 
Our society, under prevalent institutional settings, seems to have reached a point where 
it is difficult to admit that we do not have a solution for every problem (Guimarães 
Pereira & Funtowicz, 2015). Evidently though, we have yet to solve the unprecedented 
environmental and socio-economic challenges that humanity faces, including climate 
crisis, resource depletion, and deepening global inequalities (Lange et al., 2020; Sovacool 
et al., 2020). There is now certainty that the prevailing modus operandi of technology 
development and production models, burdened with profit-maximization, planned 
obsolescence, and environmentally harmful practices, is exacerbating rather than 
mitigating these issues (Kostakis et al., 2018; III; IV). The gravity of this crisis has spurred 
interest in alternative paradigms that could foster more sustainable and fairer forms of 
technological innovation. 

This thesis was motivated by academic, professional, and social experiences that 
prompted an exploration of alternative approaches to technology development. 
Through interactions with diverse communities, it became apparent that such 
alternatives already exist, leading to the decision to study one in particular. This thesis 
examines a production configuration that leverages global knowledge to enable 
communities to fulfill their needs through the co-management of shared resources 
while minimizing their socio-environmental impact – cosmolocal production (Kostakis 
2023a; Troullaki et al., 2022; III). Furthermore, it attempts to outline the contours 
of an institution that could foster such a configuration: a science and technology 
park (STP). STPs have traditionally catalyzed technology development by serving as 
clusters of innovation and multi-stakeholder collaboration (Laspia et al., 2021). They are 
socio-technical infrastructures where technology, governance, and business converge, 
making them suitable experimental testbeds for an emerging production configuration. 

This thesis is situated within social sciences, specifically in the field of science and 
technology studies. Its impetus has arisen from the need for sustainable technology 
development amidst a grave socio-environmental crisis. It focuses on cosmolocal 
production, which has been investigated in various settings: the construction sector (I), 
the 3D printers’ supply chain (II), and an ecosystem of grassroots initiatives (III). 
Cosmolocal production embeds multiple elements that have been receiving increasing 
attention for their sustainability potential, such as open-source technologies, convivial 
innovation, needs-based design, and localized manufacturing. 

At the core of this thesis is cosmolocal production, and one of the main challenges is 
its uptake at an institutional level. This thesis focuses on positioning cosmolocal 
production within an institutional setting – specifically, an STP. The choice of STPs derives 
from participatory action research with a grassroots STP-focused initiative (IV). However, 
STPs are not the final destination of this thesis; they are rather the vehicle to elaborate 
on the technology, business, and governance implications of cosmolocal production. 

Drawing on Ostrom’s work (1990; 2010; 2017), I understand an STP as a polycentric 
institution – a system of governance with multiple centers of decision-making that are 
formally independent of each other. These decision-making centers operate with some 
degree of autonomy but also interact under an overarching set of rules (Aligica & Tarko, 
2012). STPs fit the description of a polycentric institution due to their multi-stakeholder 
character and complex inter- and intra-organizational processes and relations (IV). 

To outline the contours of cosmolocal production within an STP, I employ the 
near-future landscape, a device used in critical future studies. These studies call for a 
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deeper examination of the assumptions, worldviews, and power structures shaping our 
perceptions of the future (Slaughter, 2002). They emphasize that the future is not 
predetermined but actively created through our present choices. Future possibilities are 
shaped by long-standing social patterns and dominant cultural frameworks (Inayatullah, 
1998). By surfacing and questioning the deeper layers of the status quo, we can open up 
new avenues for transformative change. Near-future landscapes create accessible 
scenarios through visual images, highlighting fundamental choices and outcomes.  
They may help better grasp the current predicament and identify strategies for 
addressing it (Bowden, 2021; Slaughter, 1997). 

The main research question of this thesis is: How can cosmolocal production be 
institutionalized to foster sustainable socio-technical futures? Two secondary research 
questions that contribute to addressing the main one are the following: 

● How do the principles of openness and localization in cosmolocal production 
impact environmental sustainability and technology development? (Articles I, II) 

● What institutional arrangements and governance mechanisms could support 
the development of cosmolocal production? (Article III, IV) 

The synthesis of the main findings is situated within broader debates about transitions 
toward more sustainable socio-technical systems. While acknowledging the challenges 
of scaling alternative approaches within dominant capitalist frameworks, the thesis 
argues that they offer promising pathways for technology development better aligned 
with pressing sustainability imperatives. The main objective is to provide a preliminary, 
evidence-informed understanding of cosmolocal production’s sustainability dynamics in 
an institutional setting. 

The remaining introductory part of the thesis proceeds as follows. Section 2 elaborates 
on the opportunities and implications of cosmolocal production, examines the institutional 
nature of an STP and its limitations, and introduces the theoretical tools of critical  
futures studies and the perspective of near-future landscapes. Section 3 describes the 
methodological approach and unravels the connections between the four articles. 
Section 4 illustrates a near-future landscape for STPs, describes its various elements, and 
delves into its different dimensions. Section 5 summarizes the findings and suggests 
areas for future research.
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1 Theoretical background 

1.1 Cosmolocal production in a nutshell 
Cosmolocal production represents an emerging production configuration that 
combines global knowledge sharing with localized manufacturing to address pressing 
socio-environmental challenges (Kostakis et al., 2023a; III). This approach leverages 
digital commons and distributed production capabilities to create a more sustainable and 
equitable mode of economic organization. 

At its core, cosmolocal production is grounded in the concept of the commons, i.e., 
social systems for collectively managing shared resources (Ostrom, 1990). It extends this 
notion to the digital realm, fostering global communities that collaboratively develop 
open-source designs, knowledge, and software as part of a digital commons (Kostakis 
et al., 2023a; IV). Simultaneously, physical production occurs locally, considering specific 
contextual needs and constraints. 

This configuration aims to reduce material and energy footprints by enabling 
communities to produce goods on demand, without outsourcing negative impacts to 
distant ecosystems (Kostakis et al., 2023a). It utilizes the efficiency of global knowledge 
networks while preserving the autonomy and resilience of local production systems – 
an approach termed ‘mid-tech’ (Kostakis et al., 2023b; III). 

Cosmolocal production aligns closely with the concept of conviviality as articulated by 
Ivan Illich (1973). Conviviality, if translated to the technology realm, emphasizes on 
sufficiency and creativity, design for affordability and durability, tacit knowledge, 
capacity building and localization (Ralph, 2021; I, II). By democratising access to 
knowledge and means of production, communities are enabled to shape tools according 
to their needs and values (Kostakis et al., 2023a; I, III). 

Examples of cosmolocal initiatives span various domains, including open-source 
agricultural machinery, e.g., L’Atelier Paysan, prosthetics, e.g., OpenBionics, renewable 
energy systems, e.g., Wind Empowerment and space technologies, e.g., Libre Space 
Foundation (III). These projects demonstrate how global collaboration could empower 
local communities to develop appropriate technologies that enhance autonomy, 
resilience and sustainability. 

However, cosmolocal production is not without tensions. While it may reduce 
reliance on global supply chains, it still depends on large-scale, energy-intensive digital 
infrastructures such as the Internet (III). Moreover, scaling these initiatives requires 
navigating complex political and institutional implications. Rather than upscaling, 
cosmolocal production brings forth how actors actively and deliberately work to reshape 
the boundaries between scales to better engage with and influence various social, 
economic, and political processes (Grillitsch et al., 2024; Kostakis et al., 2024b). 

As with any emergent phenomenon, new policy and regulatory frameworks are 
necessary to enable cosmolocal production. This could be assisted by more in-depth case 
studies of its institutional implications and by the thorough documentation and 
standardization of its processes (II). But also in the cases of already successful cosmolocal 
examples, concerns have been raised about these initiatives being co-opted by the 
prevalent capitalist system (Agrawal, 2002; Bauwens & Jandrić, 2021; IV). 

Despite these challenges, cosmolocal production offers a promising pathway towards 
a more inclusive and sustainable economic model. By fostering a production configuration 
based on the commons and prioritizing local needs over profit maximization, it suggests 
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a response to the relentlessly growth-oriented logic of capitalist production (Kostakis et al., 
2023a; Robra et al., 2020; III). As such, cosmolocal production represents an important 
area for further research and experimentation in the pursuit of post-growth economic 
alternatives. 

Figure 1: The cosmolocalism structural framework with its functions (e.g., knowledge transfer), 
spatial dimensions (e.g., local/global, rural/urban), and main fields of activity (e.g., agriculture, 
digital technologies) (Kostakis et al., 2023a; III). 

1.2 Science and technology park, an institution not without its 
challenges 

STPs are multi-stakeholder institutions that aim to enhance regional economic and social 
impact by promoting innovation and competitiveness among associated businesses and 
knowledge institutions (Link & Scott, 2007; IASP, 2017). They typically provide specialized 
infrastructure and services while fostering connections between universities, research 
institutes, and private organizations. 

STPs employ various strategies to support technology and business development. 
Based on their operational approaches and focus, three distinct types can be identified. 
Certain STPs are research-oriented, focused on R&D activities. They include research 
infrastructure such as laboratories for private use and maintain strong ties with 
universities and research institutes. The second type prioritizes the establishment of 
collaborations providing shared facilities and extensive amenities. These facilitate 
partnerships and offer a range of administrative and consulting services. The third 
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approach is business-oriented and its scope is to support startups through business 
development services, incubation services, and access to investors for funding acquisition 
(McCarthy et al., 2018, Ng et al., 2019). 

The management and organizational structures of STPs have evolved beyond the 
traditional university-led approach to include various public-private partnership models. 
While early parks were primarily university initiatives aimed at commercializing research 
and generating income from land resources, modern STPs often operate under more 
complex governance structures involving multiple stakeholders from academia, industry, 
and government (Zhang, 2005). This evolution reflects their expanding role as innovation 
policy instruments aimed at enhancing regional economic development. 

STPs have traditionally aspired to catalyze high-tech innovation and economic growth 
through the agglomeration and collaboration of research institutions, start-ups, and 
established technology firms (Laspia et al., 2021). They often focus on rapidly developing 
high-tech fields like biotechnology, information technology, and advanced materials 
(UNIDO, 2021; IV). While the predominant technology and business development model 
of STPs has managed to fulfil its purpose to a certain degree, it also indicates significant 
limitations in terms of social and environmental sustainability. 

The conventional STP approach has a narrow focus on high-tech. It emphasizes 
cutting-edge technology and rapid commercialization which often leads to neglecting 
other forms of innovation, including social innovation and appropriate technologies 
adapted to local contexts (Kerschner et al., 2018). The focus on generating high-tech 
intellectual property and growth-oriented startups often aligns STPs with the dominant 
economic paradigm that prioritizes private profit over broader social and ecological  
well-being (IV).  

The development of high-tech products often involves resource-intensive processes 
with significant environmental costs throughout their lifecycles (Lange et al., 2020; 
Sovacool et al., 2020). Researchers recognize a strong turn to sustainable practices in 
STPs’ strategic policies but still a lacking implementation. Additionally, there is increasing 
interest from STP administration to become more extroverted toward the local society 
(da Costa Mineiro et al., 2024). Decision-making and access tend to be restricted to a 
limited set of stakeholders from academia, industry and government, excluding broader 
community participation (IV). At the same time, benefits tend to accrue mainly to a small 
group of highly educated knowledge workers, executives and investors (Bakouros et al., 
2002; Massey & Wield, 2003). 

These limitations suggest the need to reimagine STPs for the future. Research suggests 
that polycentric systems, characterized by multiple centers of decision-making, could be 
more effective in addressing complex challenges than centralized approaches (Andersson 
& Ostrom, 2008; Rothstein, 1998). Applied to STPs, this could mean developing more 
diverse and inclusive governance structures that involve a wider range of stakeholders, 
including local communities, civil society organizations and individuals (Ostrom, 2009). 
This approach resonates with the effectiveness of community-managed resources and 
the importance of considering multiple scales and outcomes beyond mere economic 
growth (Benkler, 2006; Ostrom, 1990; Schlager et al., 1994). 

Furthermore, a polycentric institution should consider and address the interplay 
between social and ecological factors (Aligica & Tarko, 2012; Ostrom, 2010). For STPs, 
this could translate into a greater focus on developing technologies and innovations that 
address both social and environmental challenges. By incorporating a more decentralized 
approach, STPs could evolve into more resilient, adaptive, and inclusive institutions. 
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1.3 Critical futures studies and near-future landscape 
Building upon critical futures studies and social constructionist perspectives (Slaughter, 
2002), I leverage specific tools from the broader field to explore potential futures for 
STPs and cosmolocal production. This approach is grounded in the perspective that our 
external reality is a social construction based on beliefs and worldviews (Slaughter, 
2002). Slaughter (1993) argued that future studies methods needed to focus on the inner 
world of individuals and societies, moving beyond traditional methods such as megatrend 
analysis and environmental scanning, which often overlook deeper realities. 

A particularly useful concept in this context is the near-future landscape (Slaughter, 
1997). Near-future landscapes are visual or conceptual representations of possible 
near-term futures that highlight fundamental choices and outcomes. These accessible 
scenarios could help stakeholders better grasp current predicaments and identify 
strategies for addressing them, making them especially valuable in exploring the future 
of a socio-technical infrastructure such as an STP. 

Near-future landscapes illuminate otherwise abstract ideas and summarize a wide 
range of propositional or interpretative knowledge about the near-term future in ways 
that can be more clearly comprehended (Bowden, 2021; Slaughter, 1997). When applied 
to project cosmolocal production within an STP, near-future landscapes can forcefully 
express particular points of view about potential futures, illustrating areas of danger and 
opportunity. Similarly to maps, they help us plan ahead, anticipate problems, design 
strategies, and ‘steer’ in particular directions (Slaughter, 1997). 

By employing near-future landscapes, we can make complex ideas about the future of 
STPs and cosmolocal production more accessible and engaging to a wider audience. 
This approach allows us to graphically represent interconnected aspects of the 
near-future context and portray contrasting forces at work in the technological and 
social environment. Near-future landscapes attempt to resolve certain limitations of 
textual representation, albeit imperfectly, yet in ways that are comprehensible to broad 
sections of the community (Bowden, 2021). 

When done well, near-future landscapes can illuminate aspects of possible futures for 
STPs and cosmolocal production, and then tie these back to assumptions, ways of 
thinking, and decisions in the present (Slaughter, 2002). This can potentially stimulate 
wider consideration of challenges and more thoughtful decision-making about the 
implications of different pathways for STP development and cosmolocal production. 

This approach aligns with the critical perspective of this thesis, as it encourages us to 
question existing assumptions and actively imagine alternative futures. By creating a 
near-future landscape for STPs that foster a cosmolocal approach, we can explore how 
these institutions and practices might evolve to foster more sustainable, democratic, 
and inclusive forms of innovation and production. 

Furthermore, by uniting as a professional community and establishing formal 
structures to legitimize, professionalize, and promote future work, we can develop social 
foresight capacity (Slaughter, 2003). In the context of STPs and cosmolocal production, 
as I will later elaborate, this could mean bringing together diverse stakeholders – from 
academics and policymakers to community members and entrepreneurs – to collectively 
envision and collaborate towards more sustainable futures. 
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2 Methodological approach 
At the core of this thesis are open-source technologies, cosmolocal production and 
the commons. I employed a qualitative methodological approach to examine how 
an institution like STPs could develop a mutually beneficial relationship with the 
aforementioned emerging phenomena, fostering their culmination while reaping their 
benefits. My methodology is designed to capture the complexity and diversity of these 
emerging practices offering an identification of, on the one hand, positive patterns and 
principles and, on the other hand, acknowledging challenges and limitations. Qualitative 
methods include semi-structured questionnaires (II, IV), interviews (II, IV), tools such as 
the Matrix of Convivial Technology (MCT) (I, II), and in-situ observations of relevant 
practices (III, IV). Throughout my research progression, I drew insights by gathering 
empirical data and I employed a participatory approach where case participants become 
contributing researchers and, hence, experts who can contribute to understanding the 
underlying processes (Reilly, 2010). The anticipated outcome of this methodological 
approach is the development of nuanced responses to the research questions. These 
findings are expected to contribute to the “ongoing social dialog about the problems and 
risks we face and how things may be done differently” (Flyvbjerg, 2001, p. 61). 

Article I investigates the sustainability of the construction sector, which is one of the 
most wasteful, polluting and emissions-intensive industries (Abergel et al., 2017). 
The article conducts a comprehensive review of the challenges posed by conventional 
construction practices and assembles the potentialities of open-source convivial 
technologies and cosmolocal production for the construction sector. On that front, 
the article builds on three previously investigated cases of open construction systems, 
i.e. the Hexayurt, the Open Source Ecology Microhouse and the WikiHouse (Priavolou,
2018) and three interlocked elements for conviviality, i.e. modularity, sharing and
adaptability (I). Consequently, Article I configures a framework of open construction
systems that could foster a more democratic, inclusive and sustainable construction
sector. To mitigate the ambiguity entailed in the concept of conviviality, the normative
schema of MCT was employed.
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Table 1. Dimensions and levels of the MCT (I). Adapted from: 
https://www.andrereichel.de/2019/05/20/artificial-intelligence-convivial-technology/. 

Scaling down from the general, i.e., construction sector, Article II delves into the more 
specific, i.e., the supply chain of 3D printers. This article examines the production of 3D 
printers and the sustainability potentialities of the different production processes, 
ranging from open-source and locally manufactured to industrially produced. Article II 
makes a comparative assessment of the various production processes focusing on 
desktop 3D printers, specifically the Fused Filament Fabrication (FFF) technology which 
is one of the most widely used and commercialized 3D printing applications. First,  
a literature review of sustainability assessments around the 3D printing technology was 
conducted, followed by a preliminary round of 12 interviews. The first iteration of 
interviews with do-it-yourself enthusiasts, individuals from maker communities, and 3D 
printing enterprises delivered a tentative understanding of the current status at the EU 
level. The inquiry focused on the manufacturing, use, maintenance and open-source 
elements of the 3D printers’ production process. For the second round of interviews, 
the study was narrowed down to Greece considering the country-level specificities of 
technology production and supply chain management. The second round was guided by 
the MCT tool and consisted of 6 semi-structured interviews with makerspaces and fab 
labs. The six organizations cover an array of interests and functions: 

1. A fab lab and MakerBot reseller
2. A digital innovation hub for prototyping and education
3. A research collective focused on experimentation and education
4. A makerspace developing innovative prototypes
5. A makerspace offering prototyping and manufacturing services
6. An open-source 3D printing company building customisable Prusa i3 variants

Article II identifies four key elements differentiating the 3D printer production 
process, two in the design and two in the manufacturing phase, which emerged from 
the interviews and complementary discussions and are informed by the literature. 
The elements are: the type of license; the availability of documentation; the availability 
of a kit option for local assembly; and the capacity for local manufacturing. The different 

https://www.andrereichel.de/2019/05/20/artificial-intelligence-convivial-technology/
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studied 3D printer cases are assessed on whether they satisfy these four elements to 
distinguish hotspots and areas of improvement regarding the sustainability potentialities 
of cosmolocal production. 

After drawing insights into the construction sector and the supply chain of 3D printers, 
Article III adopts an ecosystemic approach and delves deeper into cosmolocal production 
building on desk research and experience from the field. The article critically examines 
existing positivist narratives around technology development such as green growth 
and ecomodernism, challenging the reliance on high-tech innovations for addressing 
socio-environmental crises. Drawing knowledge from various fields and integrating 
diverse strands of thought including political ecology, STS, and sustainability studies, 
Article III presents a normative framework for technology development based on 
cosmolocal production. While the article does not employ empirical data or quantitative 
analysis, the theoretical arguments are grounded on a plethora of paradigmatic cases 
from the commons realm, illustrating the benefits of cosmolocal production principles in 
dispersed initiatives around the globe. The methodological approach in Article III allows 
the exploration of potential future pathways and policy implications. Future research 
could build on the conceptual foundation in this article and proceed to its empirical 
validation by further assessing the existing and/or new cases. 

Article IV builds on the insights of the previous three articles, projecting them in the 
confined context of an STP. The study employs an exploratory case study methodology 
to examine an alternative approach to STPs (Yin, 2009). The research focuses on a 
grassroots initiative called OpenTechPark-Citizens for Open-Tech in the Region of Epirus, 
Greece. I adopt a participatory approach to case study research, where case participants 
contribute as researchers and experts. The study is based on personal observations and 
interpretations after documenting a year-and-a-half-long public deliberation involving 
various stakeholders and experts and holding iterative cycles of participant feedback to 
co-configure a normative framework for a commons-oriented STP, emphasising 
inclusivity and socio-environmental sustainability. 

The cultural background of the researchers involved and the geographic limitations of 
the study, primarily conducted within the European context, are important factors to 
acknowledge as they have influenced this thesis. Each issue under examination carries 
political, economic, and social connotations, which this research project endeavors to 
comprehend while providing an in-depth analysis. Neglecting the impact of ethical and 
cultural specificities of different publics in the global arena can lead to significant errors 
in both research and practice (Saltelli et al., 2020). Consequently, investigating similar 
initiatives in diverse socio-economic contexts, particularly in non-Western countries, and 
drawing from a more diverse pool of researchers could yield additional valuable insights 
and perspectives. 

The corpus of publications underpinning this research utilizes a diverse array of 
theoretical and analytical frameworks, from political ecology and engineering studies to 
critical technology theory and social sciences. This theoretical pluralism, in conjunction 
with the synthesis of data derived from case studies, brings forth a comprehensive range 
of perspectives. Consequently, the thesis does not only contribute to the existing body 
of knowledge but could also provide foundational elements for future interdisciplinary 
research and practical applications in sustainable technology and business development 
(Demaria et al., 2023; Gatto, 2020; Kothari et al., 2019). 
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Table 2. Overview of the four articles comprising the thesis. 

Articles Methodological approach Outcome 

I, II Empirical engagement with 
sustainability issues in two 
illustrative sectors 

Empirical underpinnings of the 
challenges of cosmolocal 
production 

III Conceptual engagement with a 
commons-based technology 
framework 

Cosmolocal production as a 
configuration to transcend 
sustainability challenges 

IV Empirical exploration of an STP 
from a cosmolocal production 
perspective 

Groundwork necessary for 
cosmolocal production to emerge 
in an institutional setting 
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3 A near-future landscape through science and technology 
parks 

STPs have long been viewed as key drivers of innovation and economic development 
(Lecluyse et al., 2019; Vásquez-Urriago et al., 2016). Emerging at the intersection of 
academia, industry and government, they aim to foster knowledge transfer, support 
high-tech entrepreneurship, and stimulate regional growth (Albahari et al., 2017; 
Xie et al., 2018; Sandoval Hamón et al., 2024). Hundreds of STPs have been developed 
around the globe since becoming a prevalent paradigm of technology and business 
development (Sandoval Hamón et al., 2024; IV). However, there is a growing recognition 
that the prevalent STP model may be inadequate for addressing the complex challenges 
we face, from climate change and biodiversity loss to rising inequalities and threats to 
democracy (IV). 

This thesis argues that we need to fundamentally rethink the purpose and structure 
of STPs, and subsequently all of our institutions. Drawing on critical futures studies and 
polycentric governance, it proposes a more pluralistic vision that moves beyond the 
focus on high-tech development and profit maximization. Instead, I explore how STPs 
could embrace and further congeal a cosmolocal framework to become hubs for more 
democratic, inclusive and sustainable forms of innovation. 

Building on investigations of cosmolocal production and the institutional aspect of 
STPs, this thesis attempts to sketch an alternative near-future landscape through STPs. 
This vision moves beyond the conventional high-tech, profit-driven model to embrace 
more polycentric, democratic and sustainable approaches. It aims to illustrate the wider 
ecosystem of an STP that incorporates desirable and normative dimensions of cosmolocal 
production. A participatory design approach was employed to create this near-future 
landscape. Since this representation is inspired within a Western context, it is inherently 
partial and imperfect, while certain practices and elements discussed may not be 
universally applicable. However, examining this landscape may bring forth underlying 
assumptions, values, and expressions of a worldview that could be useful for research 
and action in other parts of the world (Slaughter, 1997; Slaughter, 2002). 

The following near-future landscape (Figure 2) comprises a cosmolocal ecosystem 
with various interconnected elements that enhance the different technology, business 
and governance dimensions of STPs. These elements in conjunction with their relevant 
dimensions do not aim to offer an exhaustive, singular pathway but a more pluralistic 
configuration that could mitigate present and future challenges. The envisioned 
cosmolocal STP aims to instigate transformative additions to existing STPs and inspire an 
alternative approach to the design and implementation of future ones. 
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Figure 2. Near-future landscape. 
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3.1 Elements of the near-future landscape 
The elements presented below derive from the four articles comprising this thesis (I, II, 
III, IV) and could carry positive spillovers in an STP context. Similarly to the near-future 
landscape, the list is partial and imperfect. It can be further enriched and/or modified to 
more suitably address different needs and conditions. 

3.1.1 Open-source enterprises 
Open-source enterprises represent an emerging model of organization that challenges 
conventional business paradigms (Pazaitis & Kostakis, 2022; Robra et al., 2020). They may 
adopt the form of cooperatives or other organizational structures. These enterprises 
focus on developing open-source technologies and providing relevant market services. 
They embody a shift towards more sustainable and democratic approaches to innovation 
and production (Kostakis et al., 2023a; Robra et al., 2023). 

Open-source enterprises emerge from and contribute to digital commons of knowledge, 
software, and design. They tend to form collaborative networks with other organizations, 
creating market value around these shared resources while supporting livelihoods for 
producers of the commons. This approach aligns with the principles of cosmolocal 
production, combining global knowledge sharing with localized manufacturing (Kostakis 
et al., 2023a; Troullaki et al., 2022). 

In the near-future landscape presented above, open-source enterprises could benefit 
from the support of shared infrastructures such as makerspaces, co-working spaces, and 
educational institutions. These spaces could serve as hubs for collaboration, knowledge 
exchange, and the incubation of new ideas which is integral for the STPs paradigm 
(Esteves et al., 2021; Lecluyse et al., 2019; IV). They facilitate the development and 
market introduction of open-source innovations, fostering meaningful social relationships 
and cross-pollination of ideas (Kohtala, 2017; Taylor et al., 2016). 

Regarding sustainable technology development, open-source enterprises may focus 
on producing a broad range of technologies. There are multiple cases to be drawn from 
fields such as agriculture, energy, prosthetics and space technologies that exemplify the 
potential of the open-source approach to address pressing socio-environmental 
challenges (Giotitsas, 2019; Kostakis et al., 2018; III). 

3.1.2 Makerspace 
Makerspaces represent a key element in the envisioned cosmolocal near-future 
landscape. These shared infrastructures serve as small-scale workspaces offering access 
to localized manufacturing technologies, including CNC machines, 3D printers, and 
various tools for crafting and prototyping (Kohtala, 2017; Niaros et al., 2017; II, III). 

Makerspaces have been enablers in community collaboration, knowledge sharing, and 
localized manufacturing (Kohtala, 2017; Kostakis et al., 2023a; II). They could fulfil 
functions that are crucial for an STP environment, by serving as hubs for diverse 
stakeholders, including students, researchers, community members, and organizations, 
to converge and exchange knowledge, develop informal or formal relationships, and 
collaborate on creating innovative solutions (Poonjan & Tanner, 2020; IV). 

While makerspaces have not yet reached the scale to rival mass production, they have 
demonstrated significant potential in empowering individuals and communities to create 
custom devices tailored to local or personal needs (Kohtala, 2017; Taylor et al., 2016; II, 
III). Makerspaces in the envisioned STP ecosystem would support and coordinate a range 
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of activities, from educational workshops to maintenance and repair services (Niaros 
et al., 2017; II, III). Additionally, makerspaces within STPs could facilitate the production 
of various artefacts to be utilized on-site, e.g., a small-scale wind-turbine or an Arduino 
smart metre (Kostakis et al., 2024a; Troullaki et al., 2022; III). 

3.1.3 Co-working space 
A co-working space is a shared professional environment wherein individuals from 
diverse backgrounds congregate to fulfil their professional duties. This arrangement 
facilitates economic efficiency and offers opportunities for formal and informal 
networking thereby promoting interdisciplinary collaboration and the cross-pollination 
of ideas (Capdevila, 2015). This workspace setting could be appealing to independent 
researchers, remote employees and location-flexible professionals. Beyond their physical 
aspect, co-working spaces enable the cultivation of a collaborative community and creates 
a sense of collective purpose among its constituents (Mitev et al., 2019). 

3.1.4 Credit union and bank co-op 
Credit unions and bank co-ops are two examples of cooperative financial institutions. 
Credit unions are not-for-profit member-owned financial cooperatives that operate 
democratically with each member having an equal vote, and the membership is usually 
connected with geographic proximity. What differentiates credit unions from bank 
co-ops is that the latter are for-profit organizations that provide services to both 
members and non-members (McKillop et al., 2020). Unlike traditional commercial banks, 
both cooperative financial models do not seek to maximize profits. They try to bolster 
and secure local economic resilience by channelling surplus earnings back to members 
through various strategies, e.g., favorable loan rates and higher savings returns (McKillop 
et al., 2020). Within the STP ecosystem, these cooperative financial institutions could 
support startups, social enterprises and other initiatives, while also promoting financial 
literacy among its members. Additionally, as STPs seek to boost sustainable business 
development and local economic impact (Ratinho & Henriques, 2010; Xie et al., 2018), 
credit unions and bank co-ops could play an incremental role towards serving this aim 
(Fiordelisi & Mare, 2014). 

3.1.5 Energy community 
STPs tend to host organizations that largely depend on digital technologies and 
infrastructure (Xie et al., 2018; IV). These organizations, due to their high-tech nature, 
often require energy-intensive processes (Lange et al., 2020). Therefore, to satisfy the 
large energy demand more sustainably, the envisioned cosmolocal STP could include an 
energy community. The energy community, or energy co-op, is formed by members who 
collectively self-produce energy, having substantial ownership and control over their 
energy resources which embodies the principles of cosmolocal production (Kostakis et al., 
2024; III). 

The energy community operates as a commons, a socio-technical system through 
which stakeholders collectively manage their shared energy resources (Kostakis et al., 
2024a; Ostrom, 1990). In the context of STPs, the cooperative could comprise various 
stakeholders and interested parties, fulfilling both their energy needs and those of the 
shared infrastructures. It could include small and medium enterprises, civil society 
organizations, public buildings, and households. The energy community can produce 
power through multiple means, depending on local context and conditions, ranging from 



24 

rooftop solar panels and small-scale water mills to wind turbines, agrivoltaic systems, 
and biomass facilities. 

Beyond energy production, the co-op could engage in energy-saving initiatives, 
demand-side flexibility and efficiency projects, buildings retrofitting and electric mobility 
(Kostakis et al., 2024a). To enhance grid flexibility and ensure stability, it could utilize 
community-owned energy storage systems, facilitate peer-to-peer energy trading, and 
employ open-source smart energy management systems (Giotitsas et al., 2020; Troullaki 
et al., 2022). 

The energy cooperative model aligns with the principles of energy justice and the 
goals of STPs in fostering sustainable innovation (Sandoval et al., 2024; IV). The emphasis 
on local, community-owned renewable energy production and democratic governance, 
energy co-ops can potentially address many of the injustices inherent in conventional, 
centralized energy systems (Giotitsas et al., 2020). 

Within an STP ecosystem, the energy co-op encompasses and collaborates with other 
elements such as makerspaces and open-source enterprises. This relationship could 
enable the development and implementation of innovative energy solutions. Also, 
participation in wider networks of energy cooperatives could create opportunities for 
knowledge sharing and collective advocacy at national and international levels. 

3.1.6 Agrivoltaic facility 
The STP’s energy co-op could be partially supported by an agrivoltaic facility. Agrivoltaic 
describes the dual nature that characterizes a plot of land used for both solar energy 
production and agricultural purposes (Trommsdorff et al., 2021). An agrivoltaic facility 
opens up many possibilities beyond solely energy production such as food production, 
establishment of a community garden, livestock feeding and beekeeping. This approach 
enhances land use efficiency and also demonstrates the potential for integrating renewable 
energy generation with agricultural activities, addressing multiple sustainability challenges 
at once. 

3.1.7 Universities and other research-related institutions 
Universities and other research-related institutions play a crucial role in an STP ecosystem. 
They serve as centers of innovation, collaboration and knowledge development (Albahari 
et al., 2017; Link, 2016; Poonjan & Tanner, 2020). The close interconnection of an STP 
with such institutions potentially creates multiple spillovers for the engaged stakeholders 
and establishes a mutually favorable relationship (Díez-Vial & Fernández-Olmos, 2015; 
Vedovello, 1997). Research-related institutions could benefit substantially by collaborating 
closely with other elements of the STP, such as open-source enterprises and makerspaces, 
to drive innovation in sustainable technologies and practices. Hence, pursuing not only 
technical but also socio-technical experiments through a co-creation process with the 
active engagement of local communities (Trencher et al., 2014; Trencher et al., 2017). 

Organizations that cooperate closely with academic and other research institutions 
are better positioned to benefit from knowledge spillovers, thereby enhancing their 
innovative capacity (Díez-Vial & Fernández-Olmos, 2015). They develop a mutual 
understanding which allows stakeholders to more easily identify opportunities and 
incorporate research-generated knowledge. For instance, entities such as the association 
of social enterprises or the Open Technologies Alliance, drawn from the Greek context, 
are included in the cosmolocal near-future landscape because they could serve as nodes 
for the diffusion of knowledge and enablement of collaborations between stakeholders. 
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The knowledge transfer occurs not only through formal mechanisms but also through 
informal encounters and meetings (Poonjan & Tanner, 2020). A complex web of 
interactions is woven, which enhances a rich ecosystem of knowledge exchange and 
innovation, benefiting those who actively participate and contribute to this collaborative 
network. 

3.2 Dimensions of the near-future landscape 
The dimensions of the near-future landscape touch upon notions that are integral pillars 
of an STP, i.e., technology, innovation, business, governance and infrastructure (Link & 
Scott, 2007; McCarthy et al., 2018). It is an attempt to provide a tentative framework 
that accommodates the inclusion of the elements of the near-future landscape and 
elaborates on how these elements could prove beneficial in an STP context. 

3.2.1 Open-source technologies and convivial innovation 
Rather than focusing primarily on proprietary technologies which amplify path 
dependencies and planned obsolescence, STPs could prioritize the development of 
open-source hardware and software (IV). The open-source model enables collaborative 
development and free sharing of designs, which could accelerate innovation while 
keeping technologies accessible and adaptable (Kostakis et al., 2018; II, III). Technology 
development strongly resonates with innovation, which dominates public views about 
growth and future developments (Robra et al., 2023) and is an integral dimension of STPs 
(Anton-Tejon et al., 2024; Vásquez-Urriago et al., 2016). However, the conventional ‘one 
size fits all’ approach often followed in STPs has proven ineffective regarding social and 
environmental sustainability (Albahari et al., 2023; Hobbs et al., 2017; Tödtling & Trippl, 
2005). 

Research has shown that open-source technologies enhance innovation, empower 
communities through collaboration, and strengthen local economic and social impact 
(Hemel & Larrimore Ouellette, 2018; Robra et al., 2023). Examples can be found across 
diverse fields, including agriculture, building construction, renewable energy, and space 
technologies (Giotitsas, 2019; I, III). The benefits of open-source extend beyond technical 
aspects, influencing business and governance through enhanced conviviality, accessibility, 
and sustainability (I, II). However, the transition from proprietary to open-source and 
localized manufacturing faces significant challenges. Open-source encompasses varying 
degrees of openness, making it difficult to clearly distinguish between what is truly 
open-source and what is not. This ambiguity creates vulnerability to openwashing and 
the risk of co-optation by commercial interests (Bauwens & Jandrić, 2021; Pazaitis & 
Kostakis, 2022; II). 

The recognition of open-source technologies has grown substantially across various 
sectors. Globally renowned media outlets like The Economist and Forbes, but also major 
consulting corporations such as Deloitte and PricewaterhouseCoopers have acknowledged 
open-source as a viable alternative to traditional proprietary models (Pazaitis & Kostakis, 
2022; IV). Enabling humans to regain a degree of agency and control over the technology 
they are using, allows for a significant part of the production to be localized and achieve 
an optimal synthesis between the efficiency of high-tech and the resilience of low-tech 
solutions (Kostakis et al., 2023b; III). 

By fostering convivial innovation, shared resource management, and local production, 
STPs could become a beacon towards more sustainable and equitable modes of 
production in the face of current environmental and socioeconomic crises (Robra et al., 
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2020; I, II, III). This proposition resonates deeply with multiple elements of the cosmolocal 
near-future landscape such as the open-source enterprises and the different types of 
shared infrastructures. For instance, the agrivoltaic facility could serve as a practical 
demonstration of open-source technologies and convivial innovation within the STP 
ecosystem. It could provide opportunities for collaborative research, education, and 
community engagement, further reinforcing the STP’s role as a polycentric institution 
fostering sustainable socio-technical futures through harnessing a pluriverse of 
alternatives (Demaria et al., 2023; Hemel & Larrimore Ouellette, 2018). 

3.2.2 Sustainable business and participatory governance 
STPs, influenced by the dominant economic paradigm, have cultivated a monoculture in 
terms of business development (Hobbs et al., 2017; Laspia et al., 2021; Xie et al., 2018). 
The cosmolocal near-future landscape suggests a more pluralistic approach could 
mitigate some challenges while creating opportunities for a more sustainable and 
inclusive entrepreneurship. To that end, a deep cultural transformation is required, 
moving away from the notion of business as a profit-maximizing entity and towards the 
business as a social entity (Nesterova & Buch-Hansen, 2023; Nesterova & Robra, 2022). 

STPs, having intrinsically a strong polycentric aspect, comprise a plethora of different 
stakeholders connected with complex relationships. In the spirit of letting all flowers 
bloom, an STP could actively support the development of business models that adopt 
sustainable practices for society and the environment such as social enterprises and 
cooperatives. While still evolving, such entities focus on resilience, local impact and tend 
to function more democratically (Pazaitis & Drechsler, 2020; Scholz & Schneider, 2016; 
IV). In the cosmolocal near-future landscape, the various suggested elements, e.g., 
open-source enterprises, bank co-op, and energy communities, attempt to address burning 
issues while deploying fairer and more sustainable business practices (Gatto, 2020). 

The business side of STPs has significant spillovers also to its governance. Cooperative 
models tend to adopt participatory governance and organize around social and 
environmental global issues (Pazaitis et al., 2017). They aim to maximize, not profit, but 
public value through sharing knowledge and infrastructures (Benkler, 2006; Pazaitis & 
Drechsler, 2020). Participatory governance is inherent in such entities and, in the context 
of an STP, it could offer a pathway that mitigates inter- and intra-organizational tensions. 
Participatory governance permeates all the elements of the near-future landscape, from 
the management of the shared infrastructures to the interconnection between the 
multitude of organizations involved in an STP. 

The envisioned near-future landscape includes multiple elements which create a 
welcoming environment and aim to enhance sustainable business and participatory 
governance. Be it the various co-ops or the governance of shared resources, individuals 
and communities are urged to be involved in the decision-making as peers, in a less 
hierarchical manner. Also, through these interactions, the exchange of sustainable 
business practices and the creation of sustainable business coalitions is facilitated. 

3.2.3 Shared infrastructures 
Shared infrastructures are physical spaces designed for communal use that play a crucial 
role in the cosmolocal near-future landscape for STPs. Infrastructures are not merely 
technical systems but are predominantly social elements that tend to embed deep social 
needs and interests (Dalakoglou, 2016). These spaces serve multiple functions, acting as 
meeting points, incubating knowledge exchange, and enabling both formal and informal 
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relationships. By fostering an environment where people from diverse fields and 
backgrounds come together to create and innovate, shared infrastructures could 
become the backbone of a vibrant STP ecosystem (Kostakis et al., 2023a; II, IV). 

In the envisioned near-future STP, shared infrastructures could take various forms as 
depicted in the above-described elements, each serving a specific purpose while 
contributing to the overall collaborative environment. Other than the makerspace, the 
co-working space and the agrivoltaic facility described above, an STP could include, 
for example, a daycare center for the creative engagement of children supporting the 
work-life balance of individuals. Also, elements such as the bank co-op or the energy 
community produce a vast amount of data. Therefore, a shared data center could 
facilitate the storage and management of these data. Not to dismiss of course that data 
ownership and security are challenging issues that need to be confronted as such by the 
involved stakeholders. Also, ensuring proper use and maintenance of shared facilities, 
as well as, the development of an inclusive set of protocols for resource allocation and 
access could arise as troublesome issues (Kohtala, 2017; Kostakis et al., 2023a; II). 

The value of these shared infrastructures extends beyond their practical functions. 
They could significantly impact the resource intensity of technology development 
processes by mutualising resources and reducing logistics (I, III). The provision for spaces 
where diverse stakeholders can interact, experiment, and co-create, can help break 
down barriers between different disciplines, sectors, and organizations. It is a possible 
instigator for a more inclusive and resilient approach to technology development and 
convivial innovation. Shared infrastructures serve as the physical embodiment of the 
collaborative, open, and sustainable ethos that underpins the cosmolocal approach. 

3.2.4 Beyond global versus local 
The presented cosmolocal near-future landscape is not confined to the spatial limits of 
the STP infrastructure. It extends and develops far beyond these limits outlining the 
contours of an interconnected cosmolocal ecosystem. STPs often adopt an introverted 
approach, functioning isolated and substantially hindering their local impact and overall 
effectiveness (da Costa Mineiro et al., 2024; Lecluyse et al., 2019; IV). 

STPs attempt to address multifaceted, complex problems. The guiding principle of the 
above-depicted cosmolocal ecosystem is that problems involving multiple levels, e.g., 
local, regional, national, and global, require contributions to each of these levels (Adler, 
2005). To that end, the near-future landscape adopts a polycentric approach and moves 
beyond the traditional dichotomy of global versus local, acknowledging that while local 
needs and conditions are integral, they exist within and are influenced by broader 
networks and systems. 

As part of a cosmolocal ecosystem, the STP functions as a nexus, facilitating the flow 
of knowledge, resources, and innovations across multiple spatial levels. Its boundaries 
become more fluid and permeable, taking a more distributed, decentralized form. 
The diverse stakeholders, initiatives, and individuals within the cosmolocal ecosystem 
engage and communicate, not only within their immediate network but also with similar 
ecosystems globally (Kostakis et al., 2023a; III). A rich tapestry of interactions is enabled, 
where local solutions can be shared and adapted across different contexts, and global 
challenges can be mitigated through coordinated local actions. These interactions are 
crucial for any institution that aims to interact with its extended environment (Parker, 
2023). 



28 

4 Concluding remarks 
This thesis set out to explore how cosmolocal production could be institutionalized to 
foster sustainable socio-technical futures, through three key lines of inquiry. First, 
examining the impact of openness and localization principles on sustainability and 
technology development. Second, investigating supportive institutional arrangements 
and governance mechanisms. Third, synthesizing these insights to comprehend broader 
future institutionalization pathways. 

The empirical investigations in construction and 3D printing (Articles I, II) revealed 
both opportunities and challenges of openness and localization. These principles 
demonstrated potential for enhancing environmental sustainability through reduced 
material and energy footprints, enabled by on-demand localized manufacturing and 
global knowledge sharing. In construction, open-source approaches showed promise for 
democratizing technology development while incorporating vernacular wisdom. The 3D 
printing case highlighted how localized manufacturing could reduce supply chain impacts, 
though dependencies on energy-intensive digital infrastructures remain a challenge. 

Regarding institutional arrangements and governance mechanisms (Articles III, IV), 
the research identified several key elements needed to support cosmolocal 
production. These include participatory governance structures, shared infrastructures 
like makerspaces, and cooperative business models that prioritize social and 
environmental value over profit maximization. The case study of STPs demonstrated 
how existing institutions could be reimagined to incorporate these elements, though 
tensions with dominant economic paradigms persist. 

The alternative vision for STPs represents one potential pathway for institutionalizing 
cosmolocal production. It moves beyond conventional high-tech and profit-maximization 
focus to embrace more democratic and sustainable approaches to technology 
development. Key institutional features encompass polycentric governance enabling 
multiple centers of decision-making, shared infrastructures supporting collaborative 
production, open knowledge commons fostering innovation, local-global linkages 
facilitating knowledge exchange while preserving autonomy, and cooperative business 
models prioritizing sustainability. 

However, significant challenges remain. Cosmolocal production continues to depend 
on energy-intensive infrastructures. Questions of scalability and potential co-optation 
by dominant economic actors require further investigation. Resource intensity and 
coordination across scales present ongoing limitations that need to be put under scrutiny. 

The research suggests several critical factors for successful institutionalization: 
building supportive policy frameworks, developing standardized processes while 
maintaining flexibility for local adaptation, creating sustainable funding mechanisms, 
fostering cultural shifts toward cooperative approaches, and strengthening connections 
between diverse initiatives. This thesis thus provides a foundation for understanding 
how cosmolocal production could be institutionally supported while acknowledging 
implementation challenges. Future research directions include empirical studies of 
diverse institutional contexts beyond STPs, investigation of policy and regulatory 
frameworks to enable cosmolocal scaling, analysis of governance mechanisms across 
different cultural contexts, and assessment of long-term sustainability impacts. 

While acknowledging the difficulties of scaling alternative approaches within 
dominant capitalist frameworks, the thesis demonstrates that cosmolocal production 
offers promising glimpses into a more sustainable socio-technical development. Through 
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studying communities actively constructing new paradigms, it provides both theoretical 
insights and practical guidance for institutional transformation. The research contributes 
to broader debates about transitions toward sustainable socio-technical systems while 
offering concrete insights for reimagining institutional frameworks. Though perfect 
solutions remain elusive, this work illuminates potential pathways forward through 
careful attention to both opportunities and constraints in fostering more democratic and 
sustainable modes of production. 
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Abstract 

Envisioning institutional pathways for cosmolocal 
production: a near-future landscape through science and 
technology parks
This thesis examines how an institution, i.e., an STP, could foster cosmolocal production, 
an emerging configuration of production that combines global knowledge sharing with 
localized manufacturing to address pressing socio-environmental issues. Following the 
predominant growth-oriented paradigm, STPs have traditionally served as hubs for 
high-tech innovation and economic development, but seemingly their conventional 
approach may be inadequate for addressing complex sustainability challenges. Through 
the engagement with empirical case studies and theoretical analysis, this thesis 
investigates how an institution like STPs could be reimagined to embrace more 
democratic, inclusive, and sustainable approaches to technology development and 
production. 

The thesis employs a qualitative methodological approach across four interconnected 
articles. It begins with empirical investigations of cosmolocal production in the construction 
sector and 3D printer supply chains, followed by a theoretical examination of cosmolocal 
frameworks and their institutional implications. The research culminates in an 
exploratory case study of a grassroots STP initiative, which informs the development of a 
near-future landscape for STPs that could foster cosmolocal production. 

The main findings suggest that by incorporating various cosmolocal elements and 
dimensions, STPs could be transformed into collaborative ecosystems for exploring and 
enabling more sustainable socio-technical futures. The thesis attempts to address 
various issues that cosmolocal production faces, such as scalability, resource intensity, 
and potential co-optation by dominant economic actors. Through the investigation of 
communities actively constructing a new paradigm, this thesis makes a prefigurative 
attempt to position cosmolocal production in an institutional setting. 

The research contributes to ongoing debates about transitions toward more 
sustainable socio-technical systems and offers practical insights for reimagining 
institutional frameworks in the face of pressing environmental and social challenges. 
While acknowledging the difficulties of scaling alternative approaches within dominant 
capitalist frameworks, the thesis argues that cosmolocal production offers promising 
pathways for technology development better aligned with sustainability imperatives. 



38 

Lühikokkuvõte 

Kosmolokaalse tootmise institutsionaalsete teede 
kavandamine: lähituleviku maastik teadus- ja 
tehnoloogiaparkide kaudu 
See doktoritöö uurib, kuidas institutsioon, st STP, võiks edendada kosmolokaalset 
tootmist – uut tootmisviisi, mis ühendab globaalse teadmiste jagamise ja kohaliku 
tootmise, et lahendada pakilisi sotsiaal- ja keskkonnaprobleeme. Valdava kasvule 
orienteeritud paradigma kohaselt on STP-d olnud traditsiooniliselt kõrgtehnoloogilise 
innovatsiooni ja majandusarengu sõlmpunktid, kuid nende tavapärane lähenemisviis 
võib olla ebapiisav keeruliste jätkusuutlikkuse probleemide lahendamiseks. Empiiriliste 
juhtumiuuringute ja teoreetilise analüüsi abil uuritakse käesolevas väitekirjas, kuidas 
saaks sellist institutsiooni nagu STP-d ümber kujundada, et võtta kasutusele 
demokraatlikumad, kaasavamad ja jätkusuutlikumad lähenemisviisid tehnoloogia 
arendamisele ja tootmisele. 

Doktoritöö kasutab kvalitatiivset metodoloogilist lähenemist nelja omavahel seotud 
artikli kaudu. Alustatakse kosmolokaalse tootmise empiirilise uurimisega ehitussektoris 
ja 3D-printerite tarneahelates, millele järgneb kosmolokaalsete raamistike ja nende 
institutsionaalsete mõjude teoreetiline uurimine. Uurimus kulmineerub rohujuure 
tasandi STP algatuse uuriva juhtumiuuringuga, mis annab teavet STPde lähituleviku 
maastiku arendamiseks, mis võiks soodustada kosmolokaalset tootmist.  

Peamised järeldused viitavad sellele, et erinevaid kosmolokaalseid elemente ja 
mõõtmeid kaasates võiks STP-d muuta koostöölisteks ökosüsteemideks, et uurida ja 
võimaldada jätkusuutlikumat sotsiaal-tehnilist tulevikku. Töös püütakse käsitleda 
erinevaid probleeme, millega kosmolokaalne tootmine seisab silmitsi, nagu mastaapsus, 
ressursimahukus ja võimalik koopteerumine domineerivate majandusosalejate poolt. 
Kogukondade uurimise kaudu, kes aktiivselt konstrueerivad uut paradigmat, teeb see töö 
prefiguratiivse katse paigutada kosmolokaalne tootmine institutsionaalsesse konteksti. 

Uurimus aitab kaasa käimasolevatele aruteludele ülemineku üle jätkusuutlikumatele 
sotsiaal-tehnilistele süsteemidele ja pakub praktilisi teadmisi institutsiooniliste 
raamistike ümberkujundamiseks, et lahendada pakilisi keskkonna- ja sotsiaalseid 
probleeme. Tunnistades raskusi, mis kaasnevad alternatiivsete lähenemisviiside 
laiendamisega domineerivates kapitalistlikes raamistikes, väidab doktoritöö, et 
kosmolokaalne tootmine pakub paljulubavaid võimalusi tehnoloogia arendamiseks, mis 
on paremini kooskõlas jätkusuutlikkuse imperatiividega. 
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Appendix 

Publication I 
Priavolou, C., Tsiouris, N., Niaros, V., & Kostakis, V. (2021). Towards sustainable 
construction practices: how to reinvigorate vernacular buildings in the digital era?. 
Buildings, 11(7), 297.  





���������	
����������������������������� ����!�� �� ��"#����$���%�&�����'���� ����(������&����)�*�&����+��,�)�������!���%����-./.0 .1�2�3������������-.'������1�����/.4���'������5����2��-./
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)��('�!�*�M3�8&)�(�&��!'��.��8&#+ !�+�.E�/'� 0'!( &)�%�!#/8'�)���0#--#:)�%�("��!#�D��()#�'-�8&#+ !()#��/#+�-*�;��8)�%�("��+��)%��*�$&/:'&�*�'�+��#0(:'&��#0�("��/'!")���!-#��+�'�+�(" ��8&�D��()�%� ��&��0&#/�)�(�&D��)�%�)��&�-�D'�(�8&#!�����<�v(�("���'/��()/�*�#8��9�# &!��!#// �)()���+�D�-#8�-#:9!#�(�M3�8&)�(�&��.'��+�#��3456�8&)�!)8-��<�H"�E�#8��-E��"'&��)�0#&/'()#��'�+�)��#D'()#��*�'--#:)�%�!#�()� # ��)/8&#D�/��(��)��("��+��)%�*�$&/:'&�*�'�+�/'� 0'!( &)�%�#0�M3�8&)�(�&�<��&*�'(�("��D�&E�-�'�(*�("��&�8-)!'()#��#0�'�M3�8&)�(�&�)���#(�8&#").)(�+�#&�&�s )&���-)!���)�%<�H"��+�D�-#8/��(�#0�("��J�8J'8�8&#m9�!(*�("��$&�(�#8��9�# &!��M3�8&)�(�&�:"#���8&#+ !()#��/'E�'88&#S)/'(��("��3456�!#�$% &'()#�*�"'��0 &("�&�.##�(�+�("��8&#8'%'()#��#0�M3�8&)�()�%�(�!"�#-#%E�'��/'�E�. )-(�#��)(��& +)/��('&E�+��)%��2w#�����(�'-<*�=>AA7<�L)("�&�%'&+��(#�� �(')�'.)-)(E�'�����/��(��'&# �+�M3�8&)�()�%�(�!"�#-#%E*��!#-#%)!'-*��#!)'-*��!#�#/)!*�'�+�)�(�%&'(�+�'�����/��(��"'D��.����!#�+ !(�+�'��8&#D)+�+�)��H'.-��vA�2v88��+)S�v7<�5#�(��/8)&)!'-��( +)���"'D��!#/8'&�+�("��8&#!����#0�M3�8&)�()�%�:)("�)�9+ �(&)'-�8&#+ !()#��8&#!������2q�&+'���(�'-<*�=>Au?�4�.-�&��(�'-<*�=>Al?�G�(�&����'�+�G�'&!�*�=>Au7<�v-�#*�+)00�&��(�M3�8&)�()�%�(�!"�#-#%)���2R'- +)��(�'-<*�=>AF?�@�--�����(�'-<*�=>Au7�#&�'-(�&�'()D��'++)()D��'�+�� .(&'!()D��/'� 0'!( &)�%�(�!"�)s ���23#&'���(�'-<*�=>AQ?�R#(�)�#8# 9-#���(�'-<*�=>AN7�"'D��.����'������+<�R &("�&*�6)0��qE!-��v�����/��(�26qv7�"'��.����:)+�-E�'88-)�+�(#���()/'(��("���!#-#%)!'-�)/8'!(��#0�M3�8&)�(�+�8&#+ !(��("&# %"# (�("�)&�-)0��!E!-���26)��(�'-<*�=>Au?�5'��(�'-<*�=>AB?�x'#�'�+�o '�%*�=>AN?�5 �#y��(�'-<*�=>=A7<�G#(��()'-�&)�;��#0�M3�8&)�()�%�(�!"�#-#%E�&�-'(�+�(#�("��!&�'()#��#0�&�.# �+��00�!(��'�+�:'�(��#0�/'(�&)'-�'�+����&%E�&��# &!���"'D��'-�#�.����)+��()$�+�24) &!#��(�'-<*�=>Al7<�C��� !"��/8)&)!'-��( +)��*�("��0#! ��#0�'�'-E�)��'&��("��M3�8&)�(�+�8&#+ !(��&'("�&�("'��("��8&)�(�&��("�/��-D��<�H"��:"#-��-)0��!E!-��#0�("��M3�8&)�(�&��"'��&'&�-E�.����!#��)+�&�+�:)("��( +)��� � '--E��/8-#E)�%�)/8'!(�9.'��+�'88&#'!"���(#�� �(')�'.)-)(E�'�����/��(*�:")!"�)��D'% ��)��(�&/��#0�"#:�� �(')�'.)-)(E�)��!#�!�8( '-)��+<�H"�E�)/8-)!)(-E�'+#8(��0$!)��!E9#&)��(�+�!&)(�&)'*�)%�#&)�%���!#�+'&E��00�!(��#0�("��"�%�/#�)!��0$!)��!E��(&'(�%E�2R)%%���(�'-<*�=>Al7<�H"��)�� 0$!)��!E�#0�� !"��0$!)��!E9#&)��(�+�/�("#+��"'��.�����(&����+�.E�+�%&#:("��!"#-'&��2O!"&n#+�&��(�'-<*�=>AN7<�C��(")��'&()!-�*�:��.&)�%�M3�8&)�(�&��("�/��-D���)�(#�0#! �<�L��"E8#("��)���("'(�M3�8&)�(�&��8&#+ !�+�)��'�3456�:'E�:# -+�.��/#&��!#/8'().-��:)("�� �(')�'.-��-#!'-)�'()#��'�+�+�%&#:("�("&# %"# (�("�)&�-)0��!E!-��<�L��')/�(#�(��('()D�-E�(��(�(")��'�� /8()#�*�.E��S8-#&)�%�!#// �)(E�8&#m�!(��("'(�+�D�-#8*�()�;�&�:)("*�'�+� ���+)00�&��(-E�8&#9+ !�+�M3�8&)�(�&�*�'���S8-')��+�)��("����S(���!()#�<�z{|}~}��������������VU�U���_j�]̂�̀_̂]g�_XXYf_ab�\f�̂�̂\_Z[_̀ZjZ\��_̂ ]̂̂̂c][\�O �(')�'.)-)(E�'�����/��(�'88&#'!"��� � '--E��/8-#E�)/8'!(�9.'��+�/�("#+��0#! �)�%�#��("��("�/'()!�'&�'��#0���D)&#�/��(*��#!)�(E*�'�+��!#�#/E<�v-("# %"�("�/'()!�!#�!�8( '-)�'()#���#0�� �(')�'.)-)(E�0'!)-9)('(��("��'��)%�/��(�#0�)�+)!'(#&��(#�/�'� &��� �(')�'.)-)(E*�)<�<�("��#8�&'()#�'-)�'()#��#0�� �(')�'.)-)(E*�("��D'- ���% )+)�%�("����-�!()#��#0�)�+)!'(#&��'&��&'&�-E�(&'��8'&��(<�H")��/'E�#.�! &��("��0'!(�("'(�� �9(')�'.)-)(E�)��'�D'- �9-'+���!#�!�8(�("'(�&���!(��("��&'()#�'-)(E�#0�("��+�!)�)#�9/';�&�<�q &&��(-E*�("��/#�(���('.-)�"�+�/�("#+��0#&�'�����)�%�� �(')�'.)-)(E�'+#8(�("��-)0��!E!-��8&)�!)8-�<�G'&()! -'&-E�6qv�(&'��-'(���'--�/'(�&)'-�'�+����&%E�)�8 (��'�+���D)&#�/��('-�&�-�'����("&# %"# (�'�8&#+ !(���-)0��!E!-��(#�8#(��()'-���D)&#�/��('-�)/8'!(�?�-'!;)�%*�"#:�D�&*�'�D'- ��9�.'��+�-����2H&# --';)��(�'-<*�=>=A7<�R#&��S'/8-�*�("��0'!(�("'(�6qv�)��'���!#9�0$!)��!E�(##-�)��&'&�-E�/��()#��+�)��&���'&!"�'88-E)�%�)(<�v-&����(�'-<�2=>Au7�'��#!)'(�+�D'- ��9.'��+�'88&#'!"���:)("�L�.�&���D'- ��&'()#�'-)(E�'�+��#�9!#���s ��()'-)�(��(")!�*�)-- /)�'()�%�"#:�(")�%��'&��+#���&'("�&�("'��("��# (!#/��<�R &("�&*�3'"-�2=>A=7��(&����+�("�����+�(#�'88-E�D'- ��9.'��+�'88&#'!"���(#�)�(�%&'(���(")!'-�8&)�!)8-���)��

�U��YZ_�fjf��]\�_jU������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������



���������	�
��
�������������������������

�

������ �!�"��#$�%� ����& �'$(�)*$� $�++%&�)*$��$�*,$-��%�.$&/$0& 1�1��"$2,)* &"&3�,�$4-025$46,��,%7$89:;57$<*�)*$<��$=,��3 ,=$!��,=$& $1�"�,�$+%�&%����,=$!#$=,3%&<�*>&%�, �,=$)&??� ���,�$4@&!%�$,�$�"'7$89895'$2*,$-02$��$�$�,"/>���,��?, �$�&&"$� �, =,=$�&$!,$��,=$!#$)&??� ���,�$/&%$?�A� 3$�*,�%$�,)* &"&3�,�$?&%,$B)& 1�1��"C$��$� �%&=�),=$!#$D""�)*'$E�%�+*%��� 3$D""�)*$4:FGH57$)& 1�1��"��#$��$�*,$+%&+,%$",1,"$� =$A� =$&/$=,1,"&+?, �$/&%$�����/#� 3$�*,$ ,,=�$&/$*�?� $�&)�,��,�'$I�$��)*7$��$)� $!,$�,, $��$�$!%&�=,%$1���& $/&%$������ �!�"��#$�3 &���)$�&$�*,$3%&<�*$�?+,%���1,$4@�"+*7$898:5'$I$?&%,$,�#?&"&3�)�"$=,J ���& $&/$)& 1�1��"��#$)&�"=$!,$K�*,$�%�$&/$"�1� 3$�&3,�*,%L$4)& $M1�1,%,5'$N, ),7$)& 1�1��"$�,)* &"&3�,�$�%,$+,%),�1,=$��$�,)* &"&3�,�$=,��3 ,=$�&$B"�1,$�&3,�*,%C$<��*$&�*,%$*�?� $� =$ & >*�?� $,",?, ��$� $�*,�%$�&)��">,)&"&3�)�"$, 1�%& >?, ��'$D $�*��$)��,7$)& 1�1��"��#$��$"� A,=$�&$"&)�"�����& 7$���& &?#$/%&?$� =���%��"�����& 7$�//&%=�!�"��#7$� =$�)),��$�&$A &<",=3,$%,O��%,=$�&$+%&=�),$� =$?�� ��� $�,)* &"&3�,�$4P,%�)* ,%$,�$�"'7$89:;Q$R�S�%%�"=,$� =$2#"7$89:;5'$2*,$-02$�=&+��$�$�%� �+�%, �$1�"�,�>!��,=$�++%&�)*$%��*,%$�*� $/%�3?, ����& $� $, 1�%& ?, ��"7$�&)��"7$� =$,)& &?�)$�?+�)��Q$���""$)&1,%� 3$�""$&/$�*,�,$�?+�)�$�%,��$� $� $� �,3%��,=$<�#'$T&%$� ��� ),7$���,��� 3$<*,�*,%$�*,$+%&=�)��& $&/$�$�,)* &"&3�)�"$�%�,/�)�$)%,��,�$�*,$BU,,=$/&%$/&%,�3 $,.+,%��C$&%$%��*,%$BV�,�$"&)�"$A &<",=3,C$��$�$)%��,%�& $�&�)*� 3$��?�"�� ,&��"#$�+& $,)& &?�)7$+&"���)�"7$)�"��%�"7$� =$,)&"&3�)�"$��+,)��'$W,$*,%,$,?+"&#,=$�*,$-02$��$�$)&?+%,*, ��1,$ &%?���1,$�)*,?�$�&$���,��$=,3%&<�*>� �+�%,=$������ �!�"��#$��+,)��$&/$HX$+%� �,%�$�*%&�3*&��$�*,�%$"�/,$)#)",�'$2*,$-02$��$�$�<&>=�?, ��& �"$?��%�.$�*��$� )"�=,�$�*,$"�/,$)#)",$",1,"�$&/$�$�,)* &"&3�)�"$�&"���& $�)%&��$�*,$& ,$=�?, ��& $4�','7$?��,>%��"�7$?� �/�)��%,7$��,7$� =$� /%���%�)��%,5$� =$)&%%,"��,�$�*,?$<��*$�*,$J1,$1�"�,�$�)%&��$�*,$&�*,%$=�?, ��& '$D $�*,$-027$�*,$1�"�,�$��,=$�&$&+,%���& �"��,$)& 1�1��"��#$�%,Y$$�5$@,"��,= ,��7$�','$*&<$�,)* &"&3#$�//,)��$�*,$%,"���& �$&/$+,&+",$<��*$ ���%,7$<��*$&�*,%$+,&+",$� =$<��*$�,)* &"&3#$���,"/7$$��5$I)),��7$�','$<*&$)� $+%&=�),7$��,7$� =$=��+&�,$�*,$�,)* &"&3#7$<*,%,7$� =$*&<7$$���5$I=�+��!�"��#7$�','$*&<$� =,+, =, �$&%$"� A�!",$�$�,)* &"&3#$��$�&$���$, 1�%& ?, �7$$�15$Z�&>� �,%�)��& 7$�','$*&<$�$�,)* &"&3#$� �,%�)��$<��*$�*,$,)&�#��,?7$� =$$15$I++%&+%���, ,��7$�','$<*��$��$�*,$%,"���& $!,�<,, $�*,$� +���$� =$&��+���$&/$�*,$�,)* &"&3#$)& ��=,%� 3$�$3�1, $)& �,.�'$D $+%�)��),7$�&$���,��$�,)* &"&3�,�$�3�� ��$�*,�,$1�"�,�7$�*,$?��%�.$)&?+%��,�$+��%�$&/$� ��3& ����)$�,%?�$�*��$�+,)�/#$� =$, %�)*$�*,$?,� � 3$&/$,�)*$1�"�,'$T&""&<� 3$6,��,%C�$+%&+&����& $/&%$�$)& �,.�>$�, ����1,$��,$&/$�*,$-027$<,$�=[���,=$�*,$&%�3� �"$1,%��& $&/$�*,$?�>�%�.$�&$����$�*,$�,)* &"&3#$� =$)& �,.�$� =,%$���=#$4I++, =�.$X5'$0,%��� $� ��3& ����)$�,%?�$<,%,$&?���,=$� =$&�*,%�$%,+*%��,=$�&$��$�&$A,,+$�*,$?��%�.$��?+",$� =$)&?+%,*, ��!",$!#$HX$+%� �,%�$+%�)����& ,%�'$W��*$%,3�%=�$�&$�*,$-02C�$� /%���%�)��%,$",1,"7$<,$=,J ,=$��$��$�*,$� /%���%�)��%,$)"&�,"#$)&  ,)�,=$<��*$� =$%,O��%,=$/&%$�*,$,/J)�, �$��,$&/$�*,$HX$+%� �,%$4,'3'$)&?+��,%7$,",)�%�)��#7$�&/�<�%,5'$N&<,1,%7$=�%� 3$�*,$,�%"#$�++"�)���& �$&/$�*,$?��%�.$<,$&!�,%1,=$)& ��=,%�!",$&1,%"�+$&/$�*,$� /%���%�)��%,$",1,"$<��*$����,�$�==%,��,=$� $�*,$��,$",1,"7$<*�)*$)%,��,=$?�)*$)& /���& $<��*&��$�==� 3$� ��3*��'$2*,%,/&%,7$<,$&?���,=$�*,$� /%���%�)��%,$",1,"$� =$� �,3%��,=$),%��� $� ��3& ����)$�,%?�$&/$��$� �&$�*,$��,$",1,"'$D =�)���1,"#7$<,$)& ��=,%,=$�*,$,",)�%�)��#$)& ��?+>��& $��+,)�7$<*�)*$��$ & > ,3"�3�!",$=�%� 3$�*,$&+,%���& $&/$HX$+%� �,%�7$� $�*,$�++%&+%���, ,��$=�?, ��& $&/$�*,$��,$",1,"'$N, ),7$&�%$� �"#���$�+�  ,=$�)%&��$�*%,,$"�/,>)#)",$",1,"�$&/$�*,$HX$+%� �,%Y$�'$?��,%��"�7$<*�)*$� )"�=,�$*�%1,��� 37$+%&),��� 37$� =$, =$&/$"�/,$&/$?��,%��"�7$��'$?� �/�)��%� 37$<*�)*$+,%��� �$�&$?� �/�)��%� 3$HX$+%� �,%$+%,+%&=�)��$� =$���,?!"� 3$�*,?7$� =$���'$��,7$<*�)*$� )"�=,�$�*,$&+,%���& $� =$?�� �, � ),$&/$HX$+%� �,%�'$\�%$?,�*&=&"&3�)�"$��,+�$�%,$�*&%&�3*"#$+%,�, �,=$� $�*,$ ,.�$�,���& '$

]̂_̂ `abcdedfdghijf$kbalk$I�?� 3$�&$,.+"&%,$<*,�*,%$Xm-R>!��,=$HX$+%� �,%�$�%,$?&%,$)&?+���!",$<��*$������ �!",$=,3%&<�*$� =$"&)�"�����& $�*� $� =���%��""#$+%&=�),=$& ,�7$<,$!%&�3*�$�*,$+%&=�)��& $+%&),��$&/$HX$+%� �,%�$� �&$�*,$/&%,3%&� ='$W,$,.�?� ,=$HX$+%� �,%�$�*��$=�//,%$� $*&<$�*,#$�%,$+%&=�),=7$�""&<� 3$/&%$=�//,%, �$",1,"�$&/$&+,  ,��$� =$"&)�"��,=$?� �/�)��%� 3'$2&$�""&<$/&%$�$�, ����1,$)&?+�%���1,$���,��?, �7$<,$/&)��,=$& $=,�A�&+$HX$+%� �,%�7$� =$+�%��)�"�%"#$�*,$T��,=$T�"�?, �$T�!%�)���& $4TTT5$�,)* &"&3#7$& ,$�*,$?&��$<�=,"#$��,=$� =$)&??,%>)��"��,=$HX$+%� �� 3$�++"�)���& �$4E�S�����$,�$�"'7$898:5'$W,$!,3� $<��*$�$"��,%���%,$%,1�,<$&/$������ �!�"��#$���,��?, ��$�%&� =$�*,$HX$+%� �� 3$�,)* &"&3#$4I++, =�.$I5'$W,$�*, $"�� )*,=$�$+%,"�?� �%#$%&� =$&/$:8$� �,%1�,<�$�&$�""&<$/&%$�$�, ����1,$� =,%>��� =� 3$&/$�*,$)�%%, �$�������& $��$� $nV$",1,"'$2*%&�3*$� &<!�""� 37$<,$%,�)*,=$&��$�&$� =�1�=��"�$� =$?�A,%�+�),�$�&$!,��,%$)&?+%,*, =$� =$%,)&%=$�*,�%$,.+,%�, ),$%,3�%=� 3$�*,$��,$&/$HX$+%� �,%�'$2*,$� >�,%1�,<,,�$<,%,$=&>��>#&�%�,"/$, �*�������7$��$<,""$��$� =�1�=��"�$/%&?$?�A,%$)&??� ���,�7$� =$HX$+%� �� 3$, �,%+%��,�'$\�%$� O��%#$/&)��,=$& $�*,$?� �/�)��%� 3$+%&),��$&/$HX$+%� �,%�7$�*,$)& �,.�$� =$+�%+&�,$&/$��,7$�*,$?�� �, � ),$+%&),��7$� =$�*,$&+, >�&�%),$��+,)��$&/$HX$+%� �,%�7$��$+%,�, �,=$� $2�!",$Z:$4I++, =�.$Z5'$Z��,=$& $�*,$� >�,%1�,<,,�C$/,,=!�)A7$<,$�"�&$%,)&%=,=$�$�,�$&/$HX$+%� �,%$?&=,"�$<��*$)&?+�%�!",$+,%/&%?� ),$� =$)�+�!�"���,�$��$� =�)��,=$� $2�!",$0:$4I++, =�.$05'$(�!�,O�, �"#7$)& ��=,%� 3$)&� �%#>",1,"$=�//,%, ),�$� $�,%?�$&/$�,)* &"&3#$+%&=�)��& $� =$��++"#$)*�� $?� �3,?, �$4T�%?� $,�$�"'7$8998Q$6�)*& $� =$-�&7$899;5$!��$�"�&$/&%$+%&.�?��#$%,��& �7$<,$ �%>%&<,=$&�%$���=�,=$)& �,.�$�&$m%,,),'$W,$+%,��?,=$�*��$)&�"=$�""&<$�$?&%,$)& )��,$� =$/&)��,=$���,��?, �$&/$HX$+%� �,%�$<��*$�*,$-02'$D �, =� 3$�&$,.+"&%,$,?,%3� 3$�"�,% ���1,$/&%?�$&/$?� �/�)��%� 37$=�//,%, �$�&$� )�?!, �$+%�)��),�7$� =$� /&%?,=$!#$�*,$+%,"�?� �%#$<&%A7$<,$/&)��,=$&�%$� O��%#$& $)&??� �"$� ������1,�$"�A,$/�!$"�!�$� =$?�A>,%�+�),�'$(�)*$+"�),�$�%,$� )�!��&%�$/&%$�*,$%��� 3$?�A,%$)�"��%,$4P&�>��A��$,�$�"'7$89:o�Q$-�.�3��7$89:85'$I"�*&�3*$?�A,%�$*�1,$����""#$"�?��,=$�3, )#$� $�*,$� ����"$���3,�$&/$�*,$��++"#$)*�� $4,'3'$,.�%�)��& $� =$+%&),��� 3$&/$%�<$?��,%��"�57$�*,#$, 3�3,$� $�$"�%3,$+�%�$&/$�*,$?� �/�)��%� 3$+%&),��'$W,$�*��$)& =�)�,=$�,?�>��%�)��%,=$� �,%1�,<�$<��*$��.$?�A,%�+�),�$� =$/�!$"�!�$�*��$, 3�3,$� $�$<�=,$%� 3,$&/$�)��1���,�$��$�*&< $� $2�!",$n:$4I++, =�.$n57$��� 3$�*,$-02$��$�$3��=,'$2<&$�&$�*%,,$)&?>?� ��#$?,?!,%�$&/$,�)*$?�A,%�+�),$&%$/�!$"�!$+�%��)�+��,=$� $,�)*$&/$�*,�,$� �,%1�,<�'$W,$=&)�?, �,=$�*,$,.+,%�, ),$&/$�*,�,$&%3� �����& �$<��*$HX$+%� �,%$?&=,"�$�*��$�%,$)&?+�%�!",$!��,=$& $&�%$� �"#���$=�%� 3$�*,$J%��$%&� ='$I==���& �"$)&??� �)���& �$�&&A$+"�),$�&$)&?>+",?, �$�*,$� �"#���$� =$+%&1�=,$)"�%�J)���& �$<*, $ ,),���%#'$2*,$��.$&%3� �����& �$&+,%��,$<��*� $�*,$m%,,A$)& �,.�7$<��*$1�%#� 3$� �,%,���$� =$J,"=�$&/$,.+,%���,'$\%3� �����& $I$��$�$/�!%�)���& $� =$%,�,�%)*$"�!&%��&%#$� =$&/J)��"$%,�,"",%$� =$�,%1�),$), �%,$/&%$-�A,%Z&�$� $m%,,),7$<*&�,$?,?!,%�$��,$HX$+%� �,%�$/&%$,=�)���& 7$,.+,%�?, >����& 7$� =$+%&�&�#+� 3'$2*,#$�"�&$�,""$HX$+%� �,%�$� =$+%&1�=,$?�� >�, � ),$�,%1�),�$�&$�*,�%$)���&?,%�'$\%3� �����& $Z$��$�$=�3���"$�  &1���& $*�!$�*��$��,�$HX$+%� �,%�$/&%$+%&�&�#+� 3$� =$,=�)���& $+�%+&�,�7$<*�",$&))���& �""#$!��"=� 3$�+�%,$+�%��$/&%$)���&?,%�'$\%3�> �����& $0$��$�$%,�,�%)*$)&"",)��1,$�*��$��,�$HX$+%� �,%�$/&%$,.+,%�?, >����& $� =$,=�)���& $<��*&��$, 3�3� 3$� $)&??,%)��"$�)��1���,�'$\%3� �����& $X$��$�$?�A,%�+�),$�*��$/&)��,�$& $,.+,%�?, ����& $� =$�*,$=,1,"&+?, �$&/$�  &1���1,$+%&�&�#+,�7$��� 3$HX$+%� �,%�$/&%$�*,�%$&< $��,$� =$�,""� 3'$\%3� �����& $n$��$�$?�A,%�+�),$�*��$+%&1�=,�$�,%1�),�$� $=�//,%, �$���3,�$&/$+%&�&�#+� 3$� =$J �"$?� �/�)��%� 37$<*�",$+%&)�%� 3$�+�%,$+�%��$/%&?$"&)�"$�,)* �)�� �$4"�A,$\%3� �����& $T5$&%$�!%&�=$<*, $ ,),���%#'$\%3� �����& $T$��$� $,.),+��& �"$)��,$/&%$�*,$m%,,A$)& �,.�$3�1, $�*��7$�&$&�%$A &<",=3,7$��$%,+%,�, ��$�*,$& "#$)��,$� $m%,,),$4&�*,%$�*� $� =�1�=��"$*&!!#����5$<*,%,$�$HX$+%� �,%$<��$+�%���""#$+%&=�),=$/&""&<� 3$�*,$Xm-R$)& J3�%���& '$D�$��$�*,$J%��$&+, >�&�%),$HX$+%� �� 3$

p̂$qrhjsdfdt$ab$jf̂$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$



���������	�
��
�������������������������

�

����� !"# "$%&&�&"'(�'")*#+,-"� ,"-&++-"�*-'��#-�)+&".%*-�"#/"0-*�1�&--2*+"��,&+"�2"'(&"3&�3��"�%�4&�'5"6�%#� '-"� ",&�� ,7"8++"'(&#%"�%# '&%-"�%&")�-&,"� "��& ",&-#9 -:";(#�("# "�� !"��-&-"(�6&")&& "��,#<&,"� ,"�*)+#-(&,"�9�# "��& +!7"=(& "'(&!"-'�%'&,"��&%�'# 9"# ">??@:"'(&"&�� ��#�"�%#-#-"# "$%&&�&"2�6�*%&,"'(&#%"��'#6#'#&-:"�-"'(&"��%A&'"2%��"�)%��,";�-")�-#��++!"�+�-&,7"B(&!"*-&,"'�"# 6#'&"�*-'��&%-"'�"��%'#�#��'&"# "(� ,-1� ";�%A-(��-";(&%&"'(&!"�� *2��'*%&,"'(&#%"/C"�%# '&%-"'(&�-&+6&-"2�%"�"-��++"�,,#'#� �+"2&&7"D�;&6&%:"� �&"�*%�(�-# 9"+�;1��-'"/C"�%# '&%-"2%��"E(# �")&���&"��--#)+&"�9�# :"'(&!"(�,"'�"'%� -2�%�"'(&#%")*-# &--"��,&+7"B(&#%"��# "��'#6#'#&-"'�,�!"�%&"�� *2��'*%# 9"/C"�%# '&%-"+���++!"2�%"&,*��'#� "� ,"�; "*-&:",&-#9 # 9"� ,"��A# 9"/C"�%# '&,"�%�,*�'-"� ,"�22&%# 9"'&�( #��+"-&%6#�&-"'�"& ,1"*-&%-7"F "� "�''&��'"'�",#-'# 9*#-(",#22&%& '"�%�,*�'#� "��,&+-")&';&& "'(&"-'*,#&,"/C"�%# '&%-:";&"#,& '#<&,"�&%'�# "&+&�& '-")�'("2�%"'(&",&-#9 "� ,"�� *2��'*%# 9"�%��&--&-"�2"/C"�%# '&%-7"8-"&G�+�# &,")&+�;:"';�"�2"'(&-&"&+&�& '-"%&2&%"'�"'(&",&-#9 "�%��&--"� ,"';�"'�"'(&"�� *2��'*%# 9"�%��&--"�2"/C"�%# '&%-7"8++"'(&-&"�%�,*�'#� "&+&�& '-"&�&%9&,"2%��"+#'&%�'*%&",�'�"� ,";&%&"����+&�& '&,")!",#-�*--#� -",*%# 9"'(&"<%-'"%�* ,"�2"# '&%6#&;-7"3&9�%,# 9"'(&",&-#9 "�%��&--:";&"�� -#,&%&,"'(&"'%#�(�'��!"�2"'%� -��%& �!:"���&--#)#+#'!:"� ,"%&�+#��)#+#'!";(#�("�%&"'(&"��-'"�#'&,"&+&�& '-"�2"��&  &--"# "+#'&%�'*%&"0H�+A�"&'"�+7:">?I?:">?IJ57"B(&-&"%&2&%"'�"'(&"2%&&,��"'�"-'*,!"'(&",&-#9 "<+&-"�2"�"'&�( �+�9!"� ,"'�"��%'#�#��'&"# "#'-",&6&+���& '"� ,"#'-"�--&�)+!"�%��&--:"# �+*,# 9"'(&")#++"�2"��1'&%#�+-"� ,"2�)%#��'#� "# -'%*�'#� -7"8 �'(&%"#���%'� '"&+&�& '"�2"��&  &--"#-"'(&"����&%�#�+"*-�)#+#'!"�2"�"'&�( �+�9!"'(�'",&-�%#)&-"'(&"2%&&,��"'�",#-'%#)*'&"# 2�%��'#� "0H� 6�#-# "� ,"K#&-:">?I@57"B�"��1��* '"2�%"'(&-&"��&  &--"&+&�& '-:";&"# �+*,&,"'(&"+#�& �&"'!�&"� ,",��*�& '�'#� "�-"';�")�-#�"&+&�& '-"'�",#-'# 9*#-(",#22&%& '"��&  &--"+&6&+-"# "'(&"�%�,*�'#� "�2"/C"�%# '&%-7"F "�,,#'#� :"&+&�& '-"�--��#�'&,";#'("'(&",��*�& '�'#� "�%��&--&-"0#7&7"E8C"<+&-:"�--&�)+!"# -'%*�'#� -:"� ,")#++"�2"��'&%#�+-5";&%&"��# '&,"�*'"# "�*%"�%&+#�# �%!"# L*#%!"�-"-#9 #<�� '+!"#���%'� '";(& "#'"���&-"'�"'(&"+���+"�� *2��'*%# 9"�2"/C"�%# '&%-7"K�6# 9"2%��"'(&",&-#9 "'�"'(&"�� *2��'*%# 9"�%��&--"�2"/C"�%# '&%-:"'(&",&�����-#'#� "�2"�"'&�( �+�9!"# '�"��,*+�%"����� & '-"�%�6&,"'�")&"�"�%#'#��+"&+&�& '"'(�'"& �)+&-"'(&"+���+#-&,"�� *2��'*%# 9"�2"'&�(1 �+�9#&-"0M�-'�A#-:">?IN57"F "'(&"��-&"�2"/C"�%# '&%-:"�"A#'"6&%-#� "�2"�"/C"�%# '&%:"# �+*,# 9"�"-&'"�2"��'�%-:"9&�%-:"�G&-:")�+'-:"� ,"�'(&%"(�%,;�%&"&L*#��& '"'�9&'(&%";#'(",&'�#+&,"# -'%*�'#� -"2�%"�--&�)+# 9"'(&"���1�� & '-"'�9&'(&%:"�22&%-"'(#-"����%'* #'!7"F "�,,#'#� :"� "&--& '#�+"&+&�& '"'(�'"+#&-")&!� ,"'(&"�� '%�+"�2"'(&"�%#9# �+"�� *2��'*%# 9"����� !:"#-"'(&"+���+"�����#'!"2�%"�� *2��'*%# 9:";(#�("�&%'�# -"'�"'(&"+���+"�6�#+�)#+#'!"�2"6�%#�*-"%&-�*%�&-"0M�-'�A#-:">?INO"P#-Q)&# :"INNR5:"+#A&"# 2%�-'%*�'*%�+"0#7&7")*#+,# 9-:"&L*#��& ':"'��+-5:"(*�� "0#7&7"-A#++-:"&G�&%'#-&5:" �'*%�+"0#7&7"%�;"��'&%#�+-"� ,"& &%9!5:"� ,"�%9� #-�'#� �+"� &-"0&797"-*��+#&%"� ,"�� *2��'*%# 9"�%9� #-�'#� -:"'%�# # 9"�& '%&-57"B(&-&",#�& -#� -"&�&%9&,"# "�*%"��-&"2%��"+#'&%�'*%&",�'�:";(#+&"-��&"�2"'(&�";&%&"�+-�"%&��%'&,",*%# 9"'(&"<%-'"%�* ,"�2"# '&%6#&;-"�-"��--#)+&"2��'�%-"'(�'"��!"�22&�'"'(&"��'& '#�+"2�%"+���+#-&,"�� *2��'*%# 9"�2"/C"�%# '&%-7"E� -&L*& '+!:";&"#,& '#<&,"2�*%"&+&�& '-"'(�'",#22&%& '#�'&"'(&"�%�,*�'#� "�%��&--"�2"/C"�%# '&%-"� ,:"#2"�%&-& ':"���%���("'(&"C$KS"�%�,*�'#� "��%�,#9�7"B(&-&"�%&T""#5"'(&"'!�&"�2"+#�& �&:";(#�(",&< &-"'(&"%&-'%#�'#� -"* ,&%";(#�("� &"#-"�++�;&,"'�"���&--:"%&1*-&:"��,#2!:"� ,"%&,#-'%#)*'&"'(&",&-#9 :""##5"'(&"�6�#+�)#+#'!"�2"��& ",��*�& '�'#� :";(#�("%&2&%-"'�"'(&"�*)+#��'#� "�2"�++",&-#9 "<+&-"� ,"# -'%*�'#� -"0E8C"<+&-:")��%,"-�(&��'#�-:"<%�;�%&"<+&-:"�--&�)+!"# -'%*�'#� -:"� ,")#++"�2"��'&%#�+-5" &&,&,"'�"%&�+#��'&"'(&"�%#9# �+"/C"�%# '&%:""###5"'(&"�6�#+�)#+#'!"�2"�"A#'"��'#� :";(#�("& �)+&-"'(&"+���+"�--&�)+!"�2"/C"�%# '&%-U"����� & '-:"� ,""

#65"'(&"�����#'!"2�%"+���+"�� *2��'*%# 9:"#7&7"'(&"+���+"�6�#+�)#+#'!"�2"# 2%�-'%*�'*%�+:"(*�� :" �'*%�+:"� ,"�%9� #-�'#� �+"%&-�*%�&-"%&L*#%&,"2�%",&�& '%�+#-# 9"'(&"�� *2��'*%# 9"�%��&--7"F "B�)+&"I:"�*%"-'*,#&,"/C"�%# '&%"��-&-"�%&"��%A&,"# "'&%�-"�2"-�'#-2!# 9"�%" �'"'(&"2�*%"�%�,*�'#� "&+&�& '-7"B(&"�&'(�,�+�9#��+"-'&�-"�2"�*%"-'*,!"�%&"-*���%#-&,"# "P#97"I7"F "'(&" &G'"-&�'#� :";&"�%#'#��++!",#-�*--"'(&"%&-*+'-"2%��"'(&"���+#��'#� "�2"'(&"KEB"�'",#22&%& '"�(�-&-"�2"'(&"/C"�%# '&%-U"+#2&"�!�+&"� ,"#,& '#2!"(�'-��'-"� ,"�%&�-"2�%"#��%�6&�& '"2�%"-*-'�# �)+&",&9%�;'("� ,"+���+#-�'#� 7"VWXYZ[\]Z"̂_̀ "̀aZb[ZZac_"H&+�;";&",#-�*--"�*%"< ,# 9-")�-&,"� "�*%"# '&%6#&;-";#'("'(&"-#G"�%9� #-�'#� -";(#�(";&%&"����+&�& '&,";#'("# -#9('-"2%��"'(&"<%-'"%�* ,"�2"# '&%6#&;-7"B(&"%&-*+'-"�%&"��'&9�%#-&,"# ",#22&%& '"+#2&"�!�+&"-'�9&-"�2"�"/C"�%# '&%"*-# 9"'(&"+#2&1�!�+&",#�& -#� -"�2"'(&"KEB"�-"�"9*#,&7"defeghhihhjikl"min"opqi"rsroi"hltui"vq"wx"mnpklinh"defefegryzphplpvk"tk{"{phmvhto"vq"jtlinptoh"B(&"# '&%6#&;&&-"(�6&"*-&,")�'("�%��%#&'�%!"� ,"��& 1-�*%�&"/C"�%# '&%-7"F "��-'"��-&-:"&6& "��& 1-�*%�&"/C"�%# '&%-";&%&"�*%�(�-&,"2%��"'(&"��%A&':"&#'(&%"�%&1�--&�)+&,"�%"�-"A#'-7"|��&:"+#A&"}%9� #-�1'#� "P"� ,"%&-�� ,& '-"2%��"'(&"�%&+#�# �%!"# L*#%!:"(�,"��'*�++!")*#+'"�"/C"�%# '&%"2%��"-�%�'�("*-# 9"��& 1-�*%�&",&-#9 -7"K�-'"# '&%6#&;&&-"2�* ,"'(&"6�+*&-"�2"'(&"KEB"2�%"'(&"��L*#-#'#� "� ,",#-��-�+"�2"/C"�%# '&%-U"��'&%#�+-"08��& ,#G"CO"P#9*%&"CI5"#%%&+&16� '"�-"'(&!"(�," �"�%"+#''+&"# 6�+6&�& '"# "'(&-&"�%��&--&-7"B(#-";�-"&G�&�'&,"# "'(&"��-&"�2"# ,*-'%#�++!1�%�,*�&,"/C"�%# '&%-:";(&%&"'(&"*-&%"#-" �'"# 6�+6&,"# "'(&"�%�,*�'#� "�%��&--:"+&'"�+� &"# "'(&"��L*#-#'#� "�2"/C"�%# '&%-U"��'&%#�+-7"D�;&6&%:"&6& "2�%"-&+21)*#+'"/C"�%# '&%-:"�&%'�# "����� & '-:"-*�("�-"'(&"&G'%*,&%:"'(&"(&�'&,")&,:"� ,"'(&"��'(&%)��%,:"�%&"�*%�(�-&,"�221'(&1-(&+2:"� ,"'(&"+���+"�� *2��'*%# 9"�%��&--"-'�%'-"�2'&%"'(#-"��# '7"|��&"��%'-"�2"'(&"/C"�%# '&%"�%&"# ,&&,"�� *2��'*%&,"+���++!")!"� �'(&%"/C"�%# '&%7"P�%"'(&-&"�%# '&,"��%'-:"%&�!�+&,"~̂�\Y"�".%�,*�'#� "&+&�& '-"�9�# -'"-'*,#&,"/C"�%# '&%"��-&-"0��,&+"�"�%9� #-�'#� 57""K�,&+"�"�-&%" .%�,*�'#� "&+&�& '-"�--��#�'&,";#'("C$KS"}�&  &--"0,&-#9 5" S���+#-�'#� "0�� *2��'*%# 95"}�& "+#�& �&" }�& ",��*�& '�'#� " S���+"�--&�)+!" E����#'!"2�%"+���+"�� *2��'*%# 9"K�A&%)�'"3&�+#��'�%��"}%97"8"""""K�A&%)�'"3&�+#��'�%"K# #"�"}%97"H"""""E*)&G"C*�"�"}%97"8"""""�+'#��A&%">"�"}%97"E" �""""S*+Q)�'"B�Q"�"�"}%97"C" �"" �""�+'#��A&%"}%#9# �+"�"}%97"E" �"" �""}%#9# �+".%*-�"#/"KM/"�"}%97"H" �" �" �""E%&�+#'!"/C"� ,&%1/"�"}%97"8" �" �" �"".%*-�"#/"�"}%97"�:"P" �" �" �" �"0��%'#�++!5""

�e"�npt�vovz"il"toe""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""



���������	�
��
�������������������������

�

����� !���"�#$�%�&! !'�' �#(�)$*#+'�#,�#-.�/0#�121#,�# -%"3"2#'#�)$#,�  ��#3" �#4�'+�" 1#5'6�%.#7'"#'�.�#7!��.�# !�#+' �%3'�#3"#7�% '3"#7�+&�"�" .0#.-7!#'.# !�#8%'+�#(�121#'�-+3"3-+0#9��/#�%#&%3" �/*0#'7:7�%/3"2# �# !�3%#"��/.1#$!��#'�.�#.���7 #9!37!#&'% .#'"/#7�+&�"�" .# �#&-%7!'.�#'+�"2# !�#';'3�',��#&%�/-7 .#3"# !�#+'%6� 1#$!�.�#�& 3�".#�"!'"7�# �#.�+�#�< �" # !�#'/'& ',3�3 �#�8# !�#+'7!3"�# �#��7'�#7�" �< .#'"/#"��/.0#'"/# !�#%��' �/"�..#�8# !�#+'6�%.:-.�%#93 !# !�#=>#&%3" �%1#? 3��0# !�#+'6�%#+�. ��#3" �%'7 .#93 !#%�'/�:+'/�#7�+&�"�" .#'"/#&'% .0#9!37!#�,. %-7 .# !�#'7 3;�#&'% 373&' 3�"#�8#-.�%.#3"# !�#+' �%3'�.#'7@-3.3 3�"1#A�2'%/3"2# !�#�"/:�8:�38�#�8#=>#&%3" �%.0#3" �%;3�9��.#+�" 3�"�/# !' #=>#&%3" �%.#'%�#@-3 �#/-%',��#+'7!3"�.#38#&%�&�%��#+'3" '3"�/1#$!3.#!'.#,��"#%�&�% �/#8�%#,� !#3"/-. %3'���:&%�/-7�/#(�36�#5'6�%,� #'"/#�%-.'#A�.�'%7!#+�/��.*#'"/#��7'���:+'"-8'7 -%�/#+'7!3"�.#(�36�#�%-.'#;'%3:'" .#+'"-8'7 -%�/#,�#B%2'"3.' 3�"#C*1#D!�"# !��#%�'7!# !�3%#�"/:�8:#�38�0#!�9�;�%0#'77�..# �# !�#/3.&�.'�#&%�7�..�.#�8#=>#&%3" �%.E#%'9#+': �%3'�.#&%�;�/# �#,�#7!'���"23"21#A�. %37 3�".#%��' �/# �# !�#'7@-3.3 3�"#'"/#/3.&�.'�#�8#=>#&%3" �%.E#+' �%3'�.#. '% #8%�+# !�#8'7 # !' # !�#,3��#�8#+' �%3'�.#3.#-"';'3�',��# �# !�#-.�%.0#�.&�73'���#3"# !�#7'.�#�8#3"/-. %3'���:&%�/-7�/#+'7!3"�.1#F": �%;3�9��.#'�.�#"� �/# !�#',.�"7�#�8#3"8�%+' 3�"#'"/#3"8%'. %-7 -%�#8�%# !�#%�7�7��#&%�7�..#�8#=>#&%3" �%.1#F"# !�#,�. #7'.�0#+�%�#�<&�%3�"7�/#-.�%.#9�%�#',��# �#%�-.�#7�% '3"#&'% .#�8#��/#+�/��.# �#4<#�%#+'6�#"�9#=>#&%3" �%.1#$!3.#3.#+�. #7�++�"#8�%#��7'���#+'"-8'7 -%�/#=>#&%3" �%.0#'.#3"/-. %3'���:&%�/-7�/#&%3" �%.#!';�#�3+3 �/#7�+&' 3,3�3 �#93 !#�' �%#+�/��.1#F"#� !�%#7'.�.0#��/�%#+'7!3"�.0#�.&�73'���#��7'���#+'"-8'7 -%�/#�"�.0#.3 #3"# !�#��8 #�8#+'6�%.&'7�.#3"#'#+-.�-+:�36�#8'.!3�"0#�<!3,3 3"2# !�#!3. �%�#�8# !�#�%2'"3.' 3�"1#G�".�@-�" ��0#8�%# !�# 3+�#,�3"20#+'"�#3" �%;3�9��.#!';�#,��"#',��# �#'/'& # !�#=>#&%3" �%E.#�"/:�8:�38�# �# !�3%#"��/.#'"/#',3�3 3�.#:#+�. ��#3"# !�#7'.�#�8#>H5I#=>#&%3" �%.1#$!��#!';�# !-.#';�3/�/#/3%�7 ��#/3.&�.3"2#�8#��/#=>#&%3" �%.0#9!37!#7�" '3"# �<37#+' �%3'�.#(�121#3"# !�3%#���7 %�"37.*#'"/#.!�-�/"E #,�#�'"/4���/#�%#3"73"�%' �/1#J�;�% !���..0# !�#/3.&�.'�#�8#=>#&%3" �%.#!'.#"� #,��"#'#.-,K�7 #�8#7�"7�%"#8�%#+�. #3" �%;3�9��.1#F". �'/0#3" �%;3�9��.#9�%�#+'3"��#7�":7�%"�/#93 !# !�#!'"/�3"2#�8#9'. �#7%�' �/#/-%3"2# !�#-.�#�8# !�#=>#&%3" �%0#31�1#!�9# �#%�7�7��# !�#4�'+�" #8%�+#8'3��/#&%3" .#(.��#L1M1=*1#N�9�;�%0#'.#=>#&%3" 3"2# �7!"���2�#3.#�;��;3"20#+�%�#+'7!3"�.#%�'7!# !�3%#�"/:�8:�38�#. '2�#'"/# !�#/3.&�.'�#�8#=>#&%3" �%.#93��#,�7�+�#'#&%�..3"2#3..-�1#$�# !3.#�"/0# !�# %'".&'%�"7�#�8#3"8�%+' 3�"#'%�-"/# !�#'7@-3.3 3�"#'"/#/3.&�.'�#&%�7�..�.#�8#=>#&%3" �%.E#+' �%3'�.#'"/# !�#3"7%�'.�/#-.�%#'9'%�"�..#'..�73' �/#93 !#>H5I#=>#&%3" �%.#7�-�/#7%�' �#8';�-%',��#7�"/3 3�".#8�%# !�#.-. '3"',��#�"/:�8:�38�#�8#=>#&%3" �%.1#
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	Preface
	Prior to pursuing a doctoral degree in social sciences, I was most recently involved in two different fields: civil engineering and football. However unrelated these two domains may seem, they share a crucial, devastating connection. They are both major contributors to the unprecedented existential crisis humanity is facing. Civil engineering through building construction is one of the most wasteful, polluting and emissions-intensive industries, accounting for 39% of global carbon emissions (Abergel et al., 2017). Similarly, football provides a magnified view, due to its popularity, of the steep socio-economic inequalities that deepen uncontrollably. A prime example is the Qatar 2022 World Cup, which involved corruption scandals, vast environmental damage and social controversies due to the proven exploitation of migrant workers (Paché, 2020).
	From day one in engineering school, we were instilled with the idea that engineers are problem-solvers, specialists in providing the optimal cost- and time-efficient solutions for each project. It was as if cost and time were the only objective parameters that mattered. Civil engineering is a vast field, ranging from house construction to highways, bridges, and underwater tunnels. It carries huge implications not only for individuals’ lives but for entire societies and their ecosystems. How can such complex and multifaceted issues be reduced to merely a cost- and time-efficiency problem?
	Instead of nurturing new generations of engineers to bloom by stimulating critical thinking, engineering schools cultivate a monoculture of ‘efficient’ project managers – neutral, objective implementers. But humans can be neither neutral nor objective. Engineering practitioners and educators are often fond of the idea that technique is neutral and demands experts who know what needs to be done (Saltelli et al., 2020). Meanwhile, the dense web of trade-offs, conflicting interests and externalities are implicitly ignored or explicitly disregarded (Taleb, 2012).
	However, I cannot ignore or disregard issues that largely contribute to the exploitation of humans and all other natural life. This conviction has led me to pursue a PhD in social sciences, where I aim to follow a pathway that makes me part of the solution, not the problem. Through my doctoral research, I seek to understand and address these systemic challenges, though I am not sure how well, if at all, I am fulfilling this purpose. Nevertheless, I will certainly keep trying. After all, even amid grave challenges, we are staggering forward.
	Introduction: Scope, aim and structure of the thesis
	Our society, under prevalent institutional settings, seems to have reached a point where it is difficult to admit that we do not have a solution for every problem (Guimarães Pereira & Funtowicz, 2015). Evidently though, we have yet to solve the unprecedented environmental and socio-economic challenges that humanity faces, including climate crisis, resource depletion, and deepening global inequalities (Lange et al., 2020; Sovacool et al., 2020). There is now certainty that the prevailing modus operandi of technology development and production models, burdened with profit-maximization, planned obsolescence, and environmentally harmful practices, is exacerbating rather than mitigating these issues (Kostakis et al., 2018; III; IV). The gravity of this crisis has spurred interest in alternative paradigms that could foster more sustainable and fairer forms of technological innovation.
	This thesis was motivated by academic, professional, and social experiences that prompted an exploration of alternative approaches to technology development. Through interactions with diverse communities, it became apparent that such alternatives already exist, leading to the decision to study one in particular. This thesis examines a production configuration that leverages global knowledge to enable communities to fulfill their needs through the co-management of shared resources while minimizing their socio-environmental impact – cosmolocal production (Kostakis 2023a; Troullaki et al., 2022; III). Furthermore, it attempts to outline the contours of an institution that could foster such a configuration: a science and technology park (STP). STPs have traditionally catalyzed technology development by serving as clusters of innovation and multi-stakeholder collaboration (Laspia et al., 2021). They are socio-technical infrastructures where technology, governance, and business converge, making them suitable experimental testbeds for an emerging production configuration.
	This thesis is situated within social sciences, specifically in the field of science and technology studies. Its impetus has arisen from the need for sustainable technology development amidst a grave socio-environmental crisis. It focuses on cosmolocal production, which has been investigated in various settings: the construction sector (I), the 3D printers’ supply chain (II), and an ecosystem of grassroots initiatives (III). Cosmolocal production embeds multiple elements that have been receiving increasing attention for their sustainability potential, such as open-source technologies, convivial innovation, needs-based design, and localized manufacturing.
	At the core of this thesis is cosmolocal production, and one of the main challenges is its uptake at an institutional level. This thesis focuses on positioning cosmolocal production within an institutional setting – specifically, an STP. The choice of STPs derives from participatory action research with a grassroots STP-focused initiative (IV). However, STPs are not the final destination of this thesis; they are rather the vehicle to elaborate on the technology, business, and governance implications of cosmolocal production.
	Drawing on Ostrom’s work (1990; 2010; 2017), I understand an STP as a polycentric institution – a system of governance with multiple centers of decision-making that are formally independent of each other. These decision-making centers operate with some degree of autonomy but also interact under an overarching set of rules (Aligica & Tarko, 2012). STPs fit the description of a polycentric institution due to their multi-stakeholder character and complex inter- and intra-organizational processes and relations (IV).
	To outline the contours of cosmolocal production within an STP, I employ the near-future landscape, a device used in critical future studies. These studies call for a deeper examination of the assumptions, worldviews, and power structures shaping our perceptions of the future (Slaughter, 2002). They emphasize that the future is not predetermined but actively created through our present choices. Future possibilities are shaped by long-standing social patterns and dominant cultural frameworks (Inayatullah, 1998). By surfacing and questioning the deeper layers of the status quo, we can open up new avenues for transformative change. Near-future landscapes create accessible scenarios through visual images, highlighting fundamental choices and outcomes. They may help better grasp the current predicament and identify strategies for addressing it (Bowden, 2021; Slaughter, 1997).
	The main research question of this thesis is: How can cosmolocal production be institutionalized to foster sustainable socio-technical futures? Two secondary research questions that contribute to addressing the main one are the following:
	● How do the principles of openness and localization in cosmolocal production impact environmental sustainability and technology development? (Articles I, II)
	● What institutional arrangements and governance mechanisms could support the development of cosmolocal production? (Article III, IV)
	The synthesis of the main findings is situated within broader debates about transitions toward more sustainable socio-technical systems. While acknowledging the challenges of scaling alternative approaches within dominant capitalist frameworks, the thesis argues that they offer promising pathways for technology development better aligned with pressing sustainability imperatives. The main objective is to provide a preliminary, evidence-informed understanding of cosmolocal production’s sustainability dynamics in an institutional setting.
	The remaining introductory part of the thesis proceeds as follows. Section 2 elaborates on the opportunities and implications of cosmolocal production, examines the institutional nature of an STP and its limitations, and introduces the theoretical tools of critical futures studies and the perspective of near-future landscapes. Section 3 describes the methodological approach and unravels the connections between the four articles. Section 4 illustrates a near-future landscape for STPs, describes its various elements, and delves into its different dimensions. Section 5 summarizes the findings and suggests areas for future research.
	1 Theoretical background
	1.1 Cosmolocal production in a nutshell

	Cosmolocal production represents an emerging production configuration that combines global knowledge sharing with localized manufacturing to address pressing socio-environmental challenges (Kostakis et al., 2023a; III). This approach leverages digital commons and distributed production capabilities to create a more sustainable and equitable mode of economic organization.
	At its core, cosmolocal production is grounded in the concept of the commons, i.e., social systems for collectively managing shared resources (Ostrom, 1990). It extends this notion to the digital realm, fostering global communities that collaboratively develop open-source designs, knowledge, and software as part of a digital commons (Kostakis et al., 2023a; IV). Simultaneously, physical production occurs locally, considering specific contextual needs and constraints.
	This configuration aims to reduce material and energy footprints by enabling communities to produce goods on demand, without outsourcing negative impacts to distant ecosystems (Kostakis et al., 2023a). It utilizes the efficiency of global knowledge networks while preserving the autonomy and resilience of local production systems – an approach termed ‘mid-tech’ (Kostakis et al., 2023b; III).
	Cosmolocal production aligns closely with the concept of conviviality as articulated by Ivan Illich (1973). Conviviality, if translated to the technology realm, emphasizes on sufficiency and creativity, design for affordability and durability, tacit knowledge, capacity building and localization (Ralph, 2021; I, II). By democratising access to knowledge and means of production, communities are enabled to shape tools according to their needs and values (Kostakis et al., 2023a; I, III).
	Examples of cosmolocal initiatives span various domains, including open-source agricultural machinery, e.g., L’Atelier Paysan, prosthetics, e.g., OpenBionics, renewable energy systems, e.g., Wind Empowerment and space technologies, e.g., Libre Space Foundation (III). These projects demonstrate how global collaboration could empower local communities to develop appropriate technologies that enhance autonomy, resilience and sustainability.
	However, cosmolocal production is not without tensions. While it may reduce reliance on global supply chains, it still depends on large-scale, energy-intensive digital infrastructures such as the Internet (III). Moreover, scaling these initiatives requires navigating complex political and institutional implications. Rather than upscaling, cosmolocal production brings forth how actors actively and deliberately work to reshape the boundaries between scales to better engage with and influence various social, economic, and political processes (Grillitsch et al., 2024; Kostakis et al., 2024b).
	As with any emergent phenomenon, new policy and regulatory frameworks are necessary to enable cosmolocal production. This could be assisted by more in-depth case studies of its institutional implications and by the thorough documentation and standardization of its processes (II). But also in the cases of already successful cosmolocal examples, concerns have been raised about these initiatives being co-opted by the prevalent capitalist system (Agrawal, 2002; Bauwens & Jandrić, 2021; IV). 
	Despite these challenges, cosmolocal production offers a promising pathway towards a more inclusive and sustainable economic model. By fostering a production configuration based on the commons and prioritizing local needs over profit maximization, it suggests a response to the relentlessly growth-oriented logic of capitalist production (Kostakis et al., 2023a; Robra et al., 2020; III). As such, cosmolocal production represents an important area for further research and experimentation in the pursuit of post-growth economic alternatives.
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	Figure 1: The cosmolocalism structural framework with its functions (e.g., knowledge transfer), spatial dimensions (e.g., local/global, rural/urban), and main fields of activity (e.g., agriculture, digital technologies) (Kostakis et al., 2023a; III).
	1.2 Science and technology park, an institution not without its challenges

	STPs are multi-stakeholder institutions that aim to enhance regional economic and social impact by promoting innovation and competitiveness among associated businesses and knowledge institutions (Link & Scott, 2007; IASP, 2017). They typically provide specialized infrastructure and services while fostering connections between universities, research institutes, and private organizations. 
	STPs employ various strategies to support technology and business development. Based on their operational approaches and focus, three distinct types can be identified. Certain STPs are research-oriented, focused on R&D activities. They include research infrastructure such as laboratories for private use and maintain strong ties with universities and research institutes. The second type prioritizes the establishment of collaborations providing shared facilities and extensive amenities. These facilitate partnerships and offer a range of administrative and consulting services. The third approach is business-oriented and its scope is to support startups through business development services, incubation services, and access to investors for funding acquisition (McCarthy et al., 2018, Ng et al., 2019).
	The management and organizational structures of STPs have evolved beyond the traditional university-led approach to include various public-private partnership models. While early parks were primarily university initiatives aimed at commercializing research and generating income from land resources, modern STPs often operate under more complex governance structures involving multiple stakeholders from academia, industry, and government (Zhang, 2005). This evolution reflects their expanding role as innovation policy instruments aimed at enhancing regional economic development.
	STPs have traditionally aspired to catalyze high-tech innovation and economic growth through the agglomeration and collaboration of research institutions, start-ups, and established technology firms (Laspia et al., 2021). They often focus on rapidly developing high-tech fields like biotechnology, information technology, and advanced materials (UNIDO, 2021; IV). While the predominant technology and business development model of STPs has managed to fulfil its purpose to a certain degree, it also indicates significant limitations in terms of social and environmental sustainability.
	The conventional STP approach has a narrow focus on high-tech. It emphasizes cutting-edge technology and rapid commercialization which often leads to neglecting other forms of innovation, including social innovation and appropriate technologies adapted to local contexts (Kerschner et al., 2018). The focus on generating high-tech intellectual property and growth-oriented startups often aligns STPs with the dominant economic paradigm that prioritizes private profit over broader social and ecological well-being (IV). 
	The development of high-tech products often involves resource-intensive processes with significant environmental costs throughout their lifecycles (Lange et al., 2020; Sovacool et al., 2020). Researchers recognize a strong turn to sustainable practices in STPs’ strategic policies but still a lacking implementation. Additionally, there is increasing interest from STP administration to become more extroverted toward the local society (da Costa Mineiro et al., 2024). Decision-making and access tend to be restricted to a limited set of stakeholders from academia, industry and government, excluding broader community participation (IV). At the same time, benefits tend to accrue mainly to a small group of highly educated knowledge workers, executives and investors (Bakouros et al., 2002; Massey & Wield, 2003).
	These limitations suggest the need to reimagine STPs for the future. Research suggests that polycentric systems, characterized by multiple centers of decision-making, could be more effective in addressing complex challenges than centralized approaches (Andersson & Ostrom, 2008; Rothstein, 1998). Applied to STPs, this could mean developing more diverse and inclusive governance structures that involve a wider range of stakeholders, including local communities, civil society organizations and individuals (Ostrom, 2009). This approach resonates with the effectiveness of community-managed resources and the importance of considering multiple scales and outcomes beyond mere economic growth (Benkler, 2006; Ostrom, 1990; Schlager et al., 1994).
	Furthermore, a polycentric institution should consider and address the interplay between social and ecological factors (Aligica & Tarko, 2012; Ostrom, 2010). For STPs, this could translate into a greater focus on developing technologies and innovations that address both social and environmental challenges. By incorporating a more decentralized approach, STPs could evolve into more resilient, adaptive, and inclusive institutions.
	1.3 Critical futures studies and near-future landscape

	Building upon critical futures studies and social constructionist perspectives (Slaughter, 2002), I leverage specific tools from the broader field to explore potential futures for STPs and cosmolocal production. This approach is grounded in the perspective that our external reality is a social construction based on beliefs and worldviews (Slaughter, 2002). Slaughter (1993) argued that future studies methods needed to focus on the inner world of individuals and societies, moving beyond traditional methods such as megatrend analysis and environmental scanning, which often overlook deeper realities.
	A particularly useful concept in this context is the near-future landscape (Slaughter, 1997). Near-future landscapes are visual or conceptual representations of possible near-term futures that highlight fundamental choices and outcomes. These accessible scenarios could help stakeholders better grasp current predicaments and identify strategies for addressing them, making them especially valuable in exploring the future of a socio-technical infrastructure such as an STP.
	Near-future landscapes illuminate otherwise abstract ideas and summarize a wide range of propositional or interpretative knowledge about the near-term future in ways that can be more clearly comprehended (Bowden, 2021; Slaughter, 1997). When applied to project cosmolocal production within an STP, near-future landscapes can forcefully express particular points of view about potential futures, illustrating areas of danger and opportunity. Similarly to maps, they help us plan ahead, anticipate problems, design strategies, and ‘steer’ in particular directions (Slaughter, 1997).
	By employing near-future landscapes, we can make complex ideas about the future of STPs and cosmolocal production more accessible and engaging to a wider audience. This approach allows us to graphically represent interconnected aspects of the near-future context and portray contrasting forces at work in the technological and social environment. Near-future landscapes attempt to resolve certain limitations of textual representation, albeit imperfectly, yet in ways that are comprehensible to broad sections of the community (Bowden, 2021).
	When done well, near-future landscapes can illuminate aspects of possible futures for STPs and cosmolocal production, and then tie these back to assumptions, ways of thinking, and decisions in the present (Slaughter, 2002). This can potentially stimulate wider consideration of challenges and more thoughtful decision-making about the implications of different pathways for STP development and cosmolocal production.
	This approach aligns with the critical perspective of this thesis, as it encourages us to question existing assumptions and actively imagine alternative futures. By creating a near-future landscape for STPs that foster a cosmolocal approach, we can explore how these institutions and practices might evolve to foster more sustainable, democratic, and inclusive forms of innovation and production. 
	Furthermore, by uniting as a professional community and establishing formal structures to legitimize, professionalize, and promote future work, we can develop social foresight capacity (Slaughter, 2003). In the context of STPs and cosmolocal production, as I will later elaborate, this could mean bringing together diverse stakeholders – from academics and policymakers to community members and entrepreneurs – to collectively envision and collaborate towards more sustainable futures.
	2 Methodological approach
	At the core of this thesis are open-source technologies, cosmolocal production and the commons. I employed a qualitative methodological approach to examine how an institution like STPs could develop a mutually beneficial relationship with the aforementioned emerging phenomena, fostering their culmination while reaping their benefits. My methodology is designed to capture the complexity and diversity of these emerging practices offering an identification of, on the one hand, positive patterns and principles and, on the other hand, acknowledging challenges and limitations. Qualitative methods include semi-structured questionnaires (II, IV), interviews (II, IV), tools such as the Matrix of Convivial Technology (MCT) (I, II), and in-situ observations of relevant practices (III, IV). Throughout my research progression, I drew insights by gathering empirical data and I employed a participatory approach where case participants become contributing researchers and, hence, experts who can contribute to understanding the underlying processes (Reilly, 2010). The anticipated outcome of this methodological approach is the development of nuanced responses to the research questions. These findings are expected to contribute to the “ongoing social dialog about the problems and risks we face and how things may be done differently” (Flyvbjerg, 2001, p. 61). 
	Article I investigates the sustainability of the construction sector, which is one of the most wasteful, polluting and emissions-intensive industries (Abergel et al., 2017). The article conducts a comprehensive review of the challenges posed by conventional construction practices and assembles the potentialities of open-source convivial technologies and cosmolocal production for the construction sector. On that front, the article builds on three previously investigated cases of open construction systems, i.e. the Hexayurt, the Open Source Ecology Microhouse and the WikiHouse (Priavolou, 2018) and three interlocked elements for conviviality, i.e. modularity, sharing and adaptability (I). Consequently, Article I configures a framework of open construction systems that could foster a more democratic, inclusive and sustainable construction sector. To mitigate the ambiguity entailed in the concept of conviviality, the normative schema of MCT was employed.
	Table 1. Dimensions and levels of the MCT (I). Adapted from: https://www.andrereichel.de/2019/05/20/artificial-intelligence-convivial-technology/.
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	Scaling down from the general, i.e., construction sector, Article II delves into the more specific, i.e., the supply chain of 3D printers. This article examines the production of 3D printers and the sustainability potentialities of the different production processes, ranging from open-source and locally manufactured to industrially produced. Article II makes a comparative assessment of the various production processes focusing on desktop 3D printers, specifically the Fused Filament Fabrication (FFF) technology which is one of the most widely used and commercialized 3D printing applications. First, a literature review of sustainability assessments around the 3D printing technology was conducted, followed by a preliminary round of 12 interviews. The first iteration of interviews with do-it-yourself enthusiasts, individuals from maker communities, and 3D printing enterprises delivered a tentative understanding of the current status at the EU level. The inquiry focused on the manufacturing, use, maintenance and open-source elements of the 3D printers’ production process. For the second round of interviews, the study was narrowed down to Greece considering the country-level specificities of technology production and supply chain management. The second round was guided by the MCT tool and consisted of 6 semi-structured interviews with makerspaces and fab labs. The six organizations cover an array of interests and functions:
	1. A fab lab and MakerBot reseller
	2. A digital innovation hub for prototyping and education
	3. A research collective focused on experimentation and education
	4. A makerspace developing innovative prototypes
	5. A makerspace offering prototyping and manufacturing services
	6. An open-source 3D printing company building customisable Prusa i3 variants
	Article II identifies four key elements differentiating the 3D printer production process, two in the design and two in the manufacturing phase, which emerged from the interviews and complementary discussions and are informed by the literature. The elements are: the type of license; the availability of documentation; the availability of a kit option for local assembly; and the capacity for local manufacturing. The different studied 3D printer cases are assessed on whether they satisfy these four elements to distinguish hotspots and areas of improvement regarding the sustainability potentialities of cosmolocal production. 
	After drawing insights into the construction sector and the supply chain of 3D printers, Article III adopts an ecosystemic approach and delves deeper into cosmolocal production building on desk research and experience from the field. The article critically examines existing positivist narratives around technology development such as green growth and ecomodernism, challenging the reliance on high-tech innovations for addressing socio-environmental crises. Drawing knowledge from various fields and integrating diverse strands of thought including political ecology, STS, and sustainability studies, Article III presents a normative framework for technology development based on cosmolocal production. While the article does not employ empirical data or quantitative analysis, the theoretical arguments are grounded on a plethora of paradigmatic cases from the commons realm, illustrating the benefits of cosmolocal production principles in dispersed initiatives around the globe. The methodological approach in Article III allows the exploration of potential future pathways and policy implications. Future research could build on the conceptual foundation in this article and proceed to its empirical validation by further assessing the existing and/or new cases. 
	Article IV builds on the insights of the previous three articles, projecting them in the confined context of an STP. The study employs an exploratory case study methodology to examine an alternative approach to STPs (Yin, 2009). The research focuses on a grassroots initiative called OpenTechPark-Citizens for Open-Tech in the Region of Epirus, Greece. I adopt a participatory approach to case study research, where case participants contribute as researchers and experts. The study is based on personal observations and interpretations after documenting a year-and-a-half-long public deliberation involving various stakeholders and experts and holding iterative cycles of participant feedback to co-configure a normative framework for a commons-oriented STP, emphasising inclusivity and socio-environmental sustainability.
	The cultural background of the researchers involved and the geographic limitations of the study, primarily conducted within the European context, are important factors to acknowledge as they have influenced this thesis. Each issue under examination carries political, economic, and social connotations, which this research project endeavors to comprehend while providing an in-depth analysis. Neglecting the impact of ethical and cultural specificities of different publics in the global arena can lead to significant errors in both research and practice (Saltelli et al., 2020). Consequently, investigating similar initiatives in diverse socio-economic contexts, particularly in non-Western countries, and drawing from a more diverse pool of researchers could yield additional valuable insights and perspectives.
	The corpus of publications underpinning this research utilizes a diverse array of theoretical and analytical frameworks, from political ecology and engineering studies to critical technology theory and social sciences. This theoretical pluralism, in conjunction with the synthesis of data derived from case studies, brings forth a comprehensive range of perspectives. Consequently, the thesis does not only contribute to the existing body of knowledge but could also provide foundational elements for future interdisciplinary research and practical applications in sustainable technology and business development (Demaria et al., 2023; Gatto, 2020; Kothari et al., 2019).
	Table 2. Overview of the four articles comprising the thesis.
	3 A near-future landscape through science and technology parks
	STPs have long been viewed as key drivers of innovation and economic development (Lecluyse et al., 2019; Vásquez-Urriago et al., 2016). Emerging at the intersection of academia, industry and government, they aim to foster knowledge transfer, support high-tech entrepreneurship, and stimulate regional growth (Albahari et al., 2017; Xie et al., 2018; Sandoval Hamón et al., 2024). Hundreds of STPs have been developed around the globe since becoming a prevalent paradigm of technology and business development (Sandoval Hamón et al., 2024; IV). However, there is a growing recognition that the prevalent STP model may be inadequate for addressing the complex challenges we face, from climate change and biodiversity loss to rising inequalities and threats to democracy (IV).
	This thesis argues that we need to fundamentally rethink the purpose and structure of STPs, and subsequently all of our institutions. Drawing on critical futures studies and polycentric governance, it proposes a more pluralistic vision that moves beyond the focus on high-tech development and profit maximization. Instead, I explore how STPs could embrace and further congeal a cosmolocal framework to become hubs for more democratic, inclusive and sustainable forms of innovation.
	Building on investigations of cosmolocal production and the institutional aspect of STPs, this thesis attempts to sketch an alternative near-future landscape through STPs. This vision moves beyond the conventional high-tech, profit-driven model to embrace more polycentric, democratic and sustainable approaches. It aims to illustrate the wider ecosystem of an STP that incorporates desirable and normative dimensions of cosmolocal production. A participatory design approach was employed to create this near-future landscape. Since this representation is inspired within a Western context, it is inherently partial and imperfect, while certain practices and elements discussed may not be universally applicable. However, examining this landscape may bring forth underlying assumptions, values, and expressions of a worldview that could be useful for research and action in other parts of the world (Slaughter, 1997; Slaughter, 2002).
	The following near-future landscape (Figure 2) comprises a cosmolocal ecosystem with various interconnected elements that enhance the different technology, business and governance dimensions of STPs. These elements in conjunction with their relevant dimensions do not aim to offer an exhaustive, singular pathway but a more pluralistic configuration that could mitigate present and future challenges. The envisioned cosmolocal STP aims to instigate transformative additions to existing STPs and inspire an alternative approach to the design and implementation of future ones.
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	Figure 2. Near-future landscape.
	3.1 Elements of the near-future landscape

	The elements presented below derive from the four articles comprising this thesis (I, II, III, IV) and could carry positive spillovers in an STP context. Similarly to the near-future landscape, the list is partial and imperfect. It can be further enriched and/or modified to more suitably address different needs and conditions.
	3.1.1 Open-source enterprises

	Open-source enterprises represent an emerging model of organization that challenges conventional business paradigms (Pazaitis & Kostakis, 2022; Robra et al., 2020). They may adopt the form of cooperatives or other organizational structures. These enterprises focus on developing open-source technologies and providing relevant market services. They embody a shift towards more sustainable and democratic approaches to innovation and production (Kostakis et al., 2023a; Robra et al., 2023).
	Open-source enterprises emerge from and contribute to digital commons of knowledge, software, and design. They tend to form collaborative networks with other organizations, creating market value around these shared resources while supporting livelihoods for producers of the commons. This approach aligns with the principles of cosmolocal production, combining global knowledge sharing with localized manufacturing (Kostakis et al., 2023a; Troullaki et al., 2022). 
	In the near-future landscape presented above, open-source enterprises could benefit from the support of shared infrastructures such as makerspaces, co-working spaces, and educational institutions. These spaces could serve as hubs for collaboration, knowledge exchange, and the incubation of new ideas which is integral for the STPs paradigm (Esteves et al., 2021; Lecluyse et al., 2019; IV). They facilitate the development and market introduction of open-source innovations, fostering meaningful social relationships and cross-pollination of ideas (Kohtala, 2017; Taylor et al., 2016).
	Regarding sustainable technology development, open-source enterprises may focus on producing a broad range of technologies. There are multiple cases to be drawn from fields such as agriculture, energy, prosthetics and space technologies that exemplify the potential of the open-source approach to address pressing socio-environmental challenges (Giotitsas, 2019; Kostakis et al., 2018; III).
	3.1.2 Makerspace

	Makerspaces represent a key element in the envisioned cosmolocal near-future landscape. These shared infrastructures serve as small-scale workspaces offering access to localized manufacturing technologies, including CNC machines, 3D printers, and various tools for crafting and prototyping (Kohtala, 2017; Niaros et al., 2017; II, III).
	Makerspaces have been enablers in community collaboration, knowledge sharing, and localized manufacturing (Kohtala, 2017; Kostakis et al., 2023a; II). They could fulfil functions that are crucial for an STP environment, by serving as hubs for diverse stakeholders, including students, researchers, community members, and organizations, to converge and exchange knowledge, develop informal or formal relationships, and collaborate on creating innovative solutions (Poonjan & Tanner, 2020; IV).
	While makerspaces have not yet reached the scale to rival mass production, they have demonstrated significant potential in empowering individuals and communities to create custom devices tailored to local or personal needs (Kohtala, 2017; Taylor et al., 2016; II, III). Makerspaces in the envisioned STP ecosystem would support and coordinate a range of activities, from educational workshops to maintenance and repair services (Niaros et al., 2017; II, III). Additionally, makerspaces within STPs could facilitate the production of various artefacts to be utilized on-site, e.g., a small-scale wind-turbine or an Arduino smart metre (Kostakis et al., 2024a; Troullaki et al., 2022; III).
	3.1.3 Co-working space

	A co-working space is a shared professional environment wherein individuals from diverse backgrounds congregate to fulfil their professional duties. This arrangement facilitates economic efficiency and offers opportunities for formal and informal networking thereby promoting interdisciplinary collaboration and the cross-pollination of ideas (Capdevila, 2015). This workspace setting could be appealing to independent researchers, remote employees and location-flexible professionals. Beyond their physical aspect, co-working spaces enable the cultivation of a collaborative community and creates a sense of collective purpose among its constituents (Mitev et al., 2019).
	3.1.4 Credit union and bank co-op

	Credit unions and bank co-ops are two examples of cooperative financial institutions. Credit unions are not-for-profit member-owned financial cooperatives that operate democratically with each member having an equal vote, and the membership is usually connected with geographic proximity. What differentiates credit unions from bank co-ops is that the latter are for-profit organizations that provide services to both members and non-members (McKillop et al., 2020). Unlike traditional commercial banks, both cooperative financial models do not seek to maximize profits. They try to bolster and secure local economic resilience by channelling surplus earnings back to members through various strategies, e.g., favorable loan rates and higher savings returns (McKillop et al., 2020). Within the STP ecosystem, these cooperative financial institutions could support startups, social enterprises and other initiatives, while also promoting financial literacy among its members. Additionally, as STPs seek to boost sustainable business development and local economic impact (Ratinho & Henriques, 2010; Xie et al., 2018), credit unions and bank co-ops could play an incremental role towards serving this aim (Fiordelisi & Mare, 2014).
	3.1.5 Energy community 

	STPs tend to host organizations that largely depend on digital technologies and infrastructure (Xie et al., 2018; IV). These organizations, due to their high-tech nature, often require energy-intensive processes (Lange et al., 2020). Therefore, to satisfy the large energy demand more sustainably, the envisioned cosmolocal STP could include an energy community. The energy community, or energy co-op, is formed by members who collectively self-produce energy, having substantial ownership and control over their energy resources which embodies the principles of cosmolocal production (Kostakis et al., 2024; III).
	The energy community operates as a commons, a socio-technical system through which stakeholders collectively manage their shared energy resources (Kostakis et al., 2024a; Ostrom, 1990). In the context of STPs, the cooperative could comprise various stakeholders and interested parties, fulfilling both their energy needs and those of the shared infrastructures. It could include small and medium enterprises, civil society organizations, public buildings, and households. The energy community can produce power through multiple means, depending on local context and conditions, ranging from rooftop solar panels and small-scale water mills to wind turbines, agrivoltaic systems, and biomass facilities.
	Beyond energy production, the co-op could engage in energy-saving initiatives, demand-side flexibility and efficiency projects, buildings retrofitting and electric mobility (Kostakis et al., 2024a). To enhance grid flexibility and ensure stability, it could utilize community-owned energy storage systems, facilitate peer-to-peer energy trading, and employ open-source smart energy management systems (Giotitsas et al., 2020; Troullaki et al., 2022).
	The energy cooperative model aligns with the principles of energy justice and the goals of STPs in fostering sustainable innovation (Sandoval et al., 2024; IV). The emphasis on local, community-owned renewable energy production and democratic governance, energy co-ops can potentially address many of the injustices inherent in conventional, centralized energy systems (Giotitsas et al., 2020).
	Within an STP ecosystem, the energy co-op encompasses and collaborates with other elements such as makerspaces and open-source enterprises. This relationship could enable the development and implementation of innovative energy solutions. Also, participation in wider networks of energy cooperatives could create opportunities for knowledge sharing and collective advocacy at national and international levels.
	3.1.6 Agrivoltaic facility

	The STP’s energy co-op could be partially supported by an agrivoltaic facility. Agrivoltaic describes the dual nature that characterizes a plot of land used for both solar energy production and agricultural purposes (Trommsdorff et al., 2021). An agrivoltaic facility opens up many possibilities beyond solely energy production such as food production, establishment of a community garden, livestock feeding and beekeeping. This approach enhances land use efficiency and also demonstrates the potential for integrating renewable energy generation with agricultural activities, addressing multiple sustainability challenges at once.
	3.1.7 Universities and other research-related institutions

	Universities and other research-related institutions play a crucial role in an STP ecosystem. They serve as centers of innovation, collaboration and knowledge development (Albahari et al., 2017; Link, 2016; Poonjan & Tanner, 2020). The close interconnection of an STP with such institutions potentially creates multiple spillovers for the engaged stakeholders and establishes a mutually favorable relationship (Díez-Vial & Fernández-Olmos, 2015; Vedovello, 1997). Research-related institutions could benefit substantially by collaborating closely with other elements of the STP, such as open-source enterprises and makerspaces, to drive innovation in sustainable technologies and practices. Hence, pursuing not only technical but also socio-technical experiments through a co-creation process with the active engagement of local communities (Trencher et al., 2014; Trencher et al., 2017).
	Organizations that cooperate closely with academic and other research institutions are better positioned to benefit from knowledge spillovers, thereby enhancing their innovative capacity (Díez-Vial & Fernández-Olmos, 2015). They develop a mutual understanding which allows stakeholders to more easily identify opportunities and incorporate research-generated knowledge. For instance, entities such as the association of social enterprises or the Open Technologies Alliance, drawn from the Greek context, are included in the cosmolocal near-future landscape because they could serve as nodes for the diffusion of knowledge and enablement of collaborations between stakeholders. The knowledge transfer occurs not only through formal mechanisms but also through informal encounters and meetings (Poonjan & Tanner, 2020). A complex web of interactions is woven, which enhances a rich ecosystem of knowledge exchange and innovation, benefiting those who actively participate and contribute to this collaborative network.
	3.2 Dimensions of the near-future landscape

	The dimensions of the near-future landscape touch upon notions that are integral pillars of an STP, i.e., technology, innovation, business, governance and infrastructure (Link & Scott, 2007; McCarthy et al., 2018). It is an attempt to provide a tentative framework that accommodates the inclusion of the elements of the near-future landscape and elaborates on how these elements could prove beneficial in an STP context.
	3.2.1 Open-source technologies and convivial innovation

	Rather than focusing primarily on proprietary technologies which amplify path dependencies and planned obsolescence, STPs could prioritize the development of open-source hardware and software (IV). The open-source model enables collaborative development and free sharing of designs, which could accelerate innovation while keeping technologies accessible and adaptable (Kostakis et al., 2018; II, III). Technology development strongly resonates with innovation, which dominates public views about growth and future developments (Robra et al., 2023) and is an integral dimension of STPs (Anton-Tejon et al., 2024; Vásquez-Urriago et al., 2016). However, the conventional ‘one size fits all’ approach often followed in STPs has proven ineffective regarding social and environmental sustainability (Albahari et al., 2023; Hobbs et al., 2017; Tödtling & Trippl, 2005). 
	Research has shown that open-source technologies enhance innovation, empower communities through collaboration, and strengthen local economic and social impact (Hemel & Larrimore Ouellette, 2018; Robra et al., 2023). Examples can be found across diverse fields, including agriculture, building construction, renewable energy, and space technologies (Giotitsas, 2019; I, III). The benefits of open-source extend beyond technical aspects, influencing business and governance through enhanced conviviality, accessibility, and sustainability (I, II). However, the transition from proprietary to open-source and localized manufacturing faces significant challenges. Open-source encompasses varying degrees of openness, making it difficult to clearly distinguish between what is truly open-source and what is not. This ambiguity creates vulnerability to openwashing and the risk of co-optation by commercial interests (Bauwens & Jandrić, 2021; Pazaitis & Kostakis, 2022; II).
	The recognition of open-source technologies has grown substantially across various sectors. Globally renowned media outlets like The Economist and Forbes, but also major consulting corporations such as Deloitte and PricewaterhouseCoopers have acknowledged open-source as a viable alternative to traditional proprietary models (Pazaitis & Kostakis, 2022; IV). Enabling humans to regain a degree of agency and control over the technology they are using, allows for a significant part of the production to be localized and achieve an optimal synthesis between the efficiency of high-tech and the resilience of low-tech solutions (Kostakis et al., 2023b; III).
	By fostering convivial innovation, shared resource management, and local production, STPs could become a beacon towards more sustainable and equitable modes of production in the face of current environmental and socioeconomic crises (Robra et al., 2020; I, II, III). This proposition resonates deeply with multiple elements of the cosmolocal near-future landscape such as the open-source enterprises and the different types of shared infrastructures. For instance, the agrivoltaic facility could serve as a practical demonstration of open-source technologies and convivial innovation within the STP ecosystem. It could provide opportunities for collaborative research, education, and community engagement, further reinforcing the STP’s role as a polycentric institution fostering sustainable socio-technical futures through harnessing a pluriverse of alternatives (Demaria et al., 2023; Hemel & Larrimore Ouellette, 2018). 
	3.2.2 Sustainable business and participatory governance

	STPs, influenced by the dominant economic paradigm, have cultivated a monoculture in terms of business development (Hobbs et al., 2017; Laspia et al., 2021; Xie et al., 2018). The cosmolocal near-future landscape suggests a more pluralistic approach could mitigate some challenges while creating opportunities for a more sustainable and inclusive entrepreneurship. To that end, a deep cultural transformation is required, moving away from the notion of business as a profit-maximizing entity and towards the business as a social entity (Nesterova & Buch-Hansen, 2023; Nesterova & Robra, 2022).
	STPs, having intrinsically a strong polycentric aspect, comprise a plethora of different stakeholders connected with complex relationships. In the spirit of letting all flowers bloom, an STP could actively support the development of business models that adopt sustainable practices for society and the environment such as social enterprises and cooperatives. While still evolving, such entities focus on resilience, local impact and tend to function more democratically (Pazaitis & Drechsler, 2020; Scholz & Schneider, 2016; IV). In the cosmolocal near-future landscape, the various suggested elements, e.g., open-source enterprises, bank co-op, and energy communities, attempt to address burning issues while deploying fairer and more sustainable business practices (Gatto, 2020).
	The business side of STPs has significant spillovers also to its governance. Cooperative models tend to adopt participatory governance and organize around social and environmental global issues (Pazaitis et al., 2017). They aim to maximize, not profit, but public value through sharing knowledge and infrastructures (Benkler, 2006; Pazaitis & Drechsler, 2020). Participatory governance is inherent in such entities and, in the context of an STP, it could offer a pathway that mitigates inter- and intra-organizational tensions. Participatory governance permeates all the elements of the near-future landscape, from the management of the shared infrastructures to the interconnection between the multitude of organizations involved in an STP.
	The envisioned near-future landscape includes multiple elements which create a welcoming environment and aim to enhance sustainable business and participatory governance. Be it the various co-ops or the governance of shared resources, individuals and communities are urged to be involved in the decision-making as peers, in a less hierarchical manner. Also, through these interactions, the exchange of sustainable business practices and the creation of sustainable business coalitions is facilitated.
	3.2.3 Shared infrastructures

	Shared infrastructures are physical spaces designed for communal use that play a crucial role in the cosmolocal near-future landscape for STPs. Infrastructures are not merely technical systems but are predominantly social elements that tend to embed deep social needs and interests (Dalakoglou, 2016). These spaces serve multiple functions, acting as meeting points, incubating knowledge exchange, and enabling both formal and informal relationships. By fostering an environment where people from diverse fields and backgrounds come together to create and innovate, shared infrastructures could become the backbone of a vibrant STP ecosystem (Kostakis et al., 2023a; II, IV). 
	In the envisioned near-future STP, shared infrastructures could take various forms as depicted in the above-described elements, each serving a specific purpose while contributing to the overall collaborative environment. Other than the makerspace, the co-working space and the agrivoltaic facility described above, an STP could include, for example, a daycare center for the creative engagement of children supporting the work-life balance of individuals. Also, elements such as the bank co-op or the energy community produce a vast amount of data. Therefore, a shared data center could facilitate the storage and management of these data. Not to dismiss of course that data ownership and security are challenging issues that need to be confronted as such by the involved stakeholders. Also, ensuring proper use and maintenance of shared facilities, as well as, the development of an inclusive set of protocols for resource allocation and access could arise as troublesome issues (Kohtala, 2017; Kostakis et al., 2023a; II).
	The value of these shared infrastructures extends beyond their practical functions. They could significantly impact the resource intensity of technology development processes by mutualising resources and reducing logistics (I, III). The provision for spaces where diverse stakeholders can interact, experiment, and co-create, can help break down barriers between different disciplines, sectors, and organizations. It is a possible instigator for a more inclusive and resilient approach to technology development and convivial innovation. Shared infrastructures serve as the physical embodiment of the collaborative, open, and sustainable ethos that underpins the cosmolocal approach. 
	3.2.4 Beyond global versus local

	The presented cosmolocal near-future landscape is not confined to the spatial limits of the STP infrastructure. It extends and develops far beyond these limits outlining the contours of an interconnected cosmolocal ecosystem. STPs often adopt an introverted approach, functioning isolated and substantially hindering their local impact and overall effectiveness (da Costa Mineiro et al., 2024; Lecluyse et al., 2019; IV).
	STPs attempt to address multifaceted, complex problems. The guiding principle of the above-depicted cosmolocal ecosystem is that problems involving multiple levels, e.g., local, regional, national, and global, require contributions to each of these levels (Adler, 2005). To that end, the near-future landscape adopts a polycentric approach and moves beyond the traditional dichotomy of global versus local, acknowledging that while local needs and conditions are integral, they exist within and are influenced by broader networks and systems. 
	As part of a cosmolocal ecosystem, the STP functions as a nexus, facilitating the flow of knowledge, resources, and innovations across multiple spatial levels. Its boundaries become more fluid and permeable, taking a more distributed, decentralized form. The diverse stakeholders, initiatives, and individuals within the cosmolocal ecosystem engage and communicate, not only within their immediate network but also with similar ecosystems globally (Kostakis et al., 2023a; III). A rich tapestry of interactions is enabled, where local solutions can be shared and adapted across different contexts, and global challenges can be mitigated through coordinated local actions. These interactions are crucial for any institution that aims to interact with its extended environment (Parker, 2023).
	4 Concluding remarks
	This thesis set out to explore how cosmolocal production could be institutionalized to foster sustainable socio-technical futures, through three key lines of inquiry. First, examining the impact of openness and localization principles on sustainability and technology development. Second, investigating supportive institutional arrangements and governance mechanisms. Third, synthesizing these insights to comprehend broader future institutionalization pathways.
	The empirical investigations in construction and 3D printing (Articles I, II) revealed both opportunities and challenges of openness and localization. These principles demonstrated potential for enhancing environmental sustainability through reduced material and energy footprints, enabled by on-demand localized manufacturing and global knowledge sharing. In construction, open-source approaches showed promise for democratizing technology development while incorporating vernacular wisdom. The 3D printing case highlighted how localized manufacturing could reduce supply chain impacts, though dependencies on energy-intensive digital infrastructures remain a challenge.
	Regarding institutional arrangements and governance mechanisms (Articles III, IV), the research identified several key elements needed to support cosmolocal production. These include participatory governance structures, shared infrastructures like makerspaces, and cooperative business models that prioritize social and environmental value over profit maximization. The case study of STPs demonstrated how existing institutions could be reimagined to incorporate these elements, though tensions with dominant economic paradigms persist.
	The alternative vision for STPs represents one potential pathway for institutionalizing cosmolocal production. It moves beyond conventional high-tech and profit-maximization focus to embrace more democratic and sustainable approaches to technology development. Key institutional features encompass polycentric governance enabling multiple centers of decision-making, shared infrastructures supporting collaborative production, open knowledge commons fostering innovation, local-global linkages facilitating knowledge exchange while preserving autonomy, and cooperative business models prioritizing sustainability.
	However, significant challenges remain. Cosmolocal production continues to depend on energy-intensive infrastructures. Questions of scalability and potential co-optation by dominant economic actors require further investigation. Resource intensity and coordination across scales present ongoing limitations that need to be put under scrutiny.
	The research suggests several critical factors for successful institutionalization: building supportive policy frameworks, developing standardized processes while maintaining flexibility for local adaptation, creating sustainable funding mechanisms, fostering cultural shifts toward cooperative approaches, and strengthening connections between diverse initiatives. This thesis thus provides a foundation for understanding how cosmolocal production could be institutionally supported while acknowledging implementation challenges. Future research directions include empirical studies of diverse institutional contexts beyond STPs, investigation of policy and regulatory frameworks to enable cosmolocal scaling, analysis of governance mechanisms across different cultural contexts, and assessment of long-term sustainability impacts.
	While acknowledging the difficulties of scaling alternative approaches within dominant capitalist frameworks, the thesis demonstrates that cosmolocal production offers promising glimpses into a more sustainable socio-technical development. Through studying communities actively constructing new paradigms, it provides both theoretical insights and practical guidance for institutional transformation. The research contributes to broader debates about transitions toward sustainable socio-technical systems while offering concrete insights for reimagining institutional frameworks. Though perfect solutions remain elusive, this work illuminates potential pathways forward through careful attention to both opportunities and constraints in fostering more democratic and sustainable modes of production.
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	Envisioning institutional pathways for cosmolocal production: a near-future landscape through science and technology parks
	This thesis examines how an institution, i.e., an STP, could foster cosmolocal production, an emerging configuration of production that combines global knowledge sharing with localized manufacturing to address pressing socio-environmental issues. Following the predominant growth-oriented paradigm, STPs have traditionally served as hubs for high-tech innovation and economic development, but seemingly their conventional approach may be inadequate for addressing complex sustainability challenges. Through the engagement with empirical case studies and theoretical analysis, this thesis investigates how an institution like STPs could be reimagined to embrace more democratic, inclusive, and sustainable approaches to technology development and production.
	The thesis employs a qualitative methodological approach across four interconnected articles. It begins with empirical investigations of cosmolocal production in the construction sector and 3D printer supply chains, followed by a theoretical examination of cosmolocal frameworks and their institutional implications. The research culminates in an exploratory case study of a grassroots STP initiative, which informs the development of a near-future landscape for STPs that could foster cosmolocal production.
	The main findings suggest that by incorporating various cosmolocal elements and dimensions, STPs could be transformed into collaborative ecosystems for exploring and enabling more sustainable socio-technical futures. The thesis attempts to address various issues that cosmolocal production faces, such as scalability, resource intensity, and potential co-optation by dominant economic actors. Through the investigation of communities actively constructing a new paradigm, this thesis makes a prefigurative attempt to position cosmolocal production in an institutional setting.
	The research contributes to ongoing debates about transitions toward more sustainable socio-technical systems and offers practical insights for reimagining institutional frameworks in the face of pressing environmental and social challenges. While acknowledging the difficulties of scaling alternative approaches within dominant capitalist frameworks, the thesis argues that cosmolocal production offers promising pathways for technology development better aligned with sustainability imperatives.
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