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Abstract

:

The starting point of this article is the critique on socioeconomic and environmental implications of conventional construction practices around sustainability. The focus is on exploring the sustainability dynamics of the emerging “Design Global, Manufacture Local” (DGML) configuration with emphasis on building construction. Combined with the concept of conviviality which we identify in aspects of vernacular architecture we explore how it can foster meaningful sustainability practices in the construction sector. We introduce a framework of “open construction systems”, an expression of DGML in building construction, as a way to foster the conjunctive use of the digital commons and local manufacturing technologies for the construction of buildings through three interlocked elements—modularity, sharing and adaptability. We suggest that the “open construction systems” framework may point towards more sustainability in building construction.
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1. Introduction


Τhere is a wide range of sustainability conceptualisations in the literature. The concept of sustainability was first introduced to indicate a harvesting practice that can be maintained for generations, considering the natural regeneration of forests [1]. It was subsequently used to raise environmental awareness at a global level [2]. Today a mixture of environmental, social, and economic elements exists in the concept of sustainability known as the three pillars of sustainability [3].



In the construction sector, sustainable practices present common values, such as the focus on resource efficiency, social cohesion, and the adoption of cost-effective methods that meet human needs [4]. However, there is no regulatory framework that explicitly states the roles and responsibilities of various stakeholders and clearly describes the process to be followed for a sustainable transition in construction. It has been argued though that sustainability in building construction could thrive through collaborative efforts by the involved stakeholders across the stages of construction [5].



In this article, we posit that conviviality could provide the necessary tools for enhanced sustainability practices in the construction sector. Conviviality is an ethical value that relies on human coexistence and interdependence for wellbeing [6]. In contrast with a convivial approach, the pursuit of growth-oriented approaches “defuturises” the future, meaning that the future is deprived of part of its potential [7,8]. In addition, these approaches may negatively impact people, causing mental health issues or undermining morality [9,10].



We identify a strong presence of conviviality in vernacular buildings. Vernacular architecture refers to a modest style of building that relies on the use of local resources and knowledge to construct buildings. Vernacular buildings constitute exemplifications of how conviviality can be deployed in the construction sector and provide multiple benefits to the three pillars of sustainability.



Furthermore, we draw inspiration from an emerging production configuration based on the digital commons, which is codified as Design Global, Manufacture Local (DGML) [11]. Building on DGML in conjunction with the conviviality present in vernacular architecture, we introduce Open Construction Systems (OCSs), which expand the focus of attention from the building structure to the ecosystem around it, required to enable the lifecycle management of buildings. The questions that have acted as a trigger for this article are: How could vernacular buildings evolve in tandem with current technological regimes to provide local responses to the global pressing need for sustainability in building construction? Could OCSs provide a solution towards that direction?



Looking towards fostering sustainability, we argue that OCSs could inaugurate a conviviality-inspired sustainable pathway in building construction by reinvigorating vernacular architecture and reinforcing it with technological capacities [7,12]. In other words, it borrows elements from both contemporary digital tools used in the construction and the tacit knowledge found in vernacular practices still employed in developing regions of the planet. We hence elaborate on three interlocked elements for conviviality observed in the development of OCSs using the Matrix of Convivial Technology [13]. We also discuss the potential benefits these elements could have on the construction sector.



The remaining part of this article is organised as follows. Section 2 discusses sustainability-related issues in the construction sector, introduces the DGML configuration and indicates how conviviality could boost sustainability practices in buildings as exemplified through vernacular architecture. Section 3 describes the framework of OCSs, elaborating on how core elements of OCSs could enhance conviviality in building construction and we discuss the positive impact this may have towards sustainability. Finally, Section 4 summarises our insights.




2. Shifting towards Sustainability in Building Construction


2.1. Sustainability in Conventional Construction Practices


In the context of the conventional construction practices, a producer–consumer relationship has been established that restricts the engagement of individuals in the construction process, infringing on the human right to housing [14,15]. Further, high rates of gender discrimination, corruption, and labour-intensive activities have been observed in building construction, while the quality performance of buildings is usually disregarded in pursuit of maximising economic gains [16]. In addition, detrimental environmental effects of the construction sector cannot be overlooked, considering that building construction accounts for 39% of global carbon emissions [17,18].



Despite the identification of these issues, construction practices have barely changed during the last six decades [19,20,21]. The need to implement sustainable practices in building construction has only recently attracted attention [22]. Although there is not yet a unified framework for sustainable construction, it has been strongly posited that multidimensional and collaborative approaches should be implemented to achieve a shared vision on sustainable construction [5]. Towards that goal we believe that the elements of OCSs enabled through the DGML configuration could play a key role in addressing several of the aforementioned issues.




2.2. Introducing the Design Global, Manufacture Local Configuration


Information and Communication Technologies (ICTs) have facilitated the development of digital platforms that favour online information sharing. Given the potential of these platforms to enhance collaboration and knowledge transfer at low costs, ICTs have been portrayed as a booster of democratisation [23,24]. Immaterial resources (such as knowledge, software, and designs) can be distributed through the Internet and shared around the globe as a “digital commons” [25] “Digital commons” can be utilised to provide local solutions, bearing in mind surrounding biophysical conditions [11].



At the same time, local manufacturing technologies (i.e., 3D printers and laser cutters) enable the production of objects locally, thus facilitating distributed production networks with significant societal impacts [26]. The distribution of these technologies boosts creativity and experimentation, offering opportunities for transitions towards sustainability and peer-to-peer ways of producing artefacts [27]. The development of open source hardware solutions (for example the Arduino microcontroller board (https://www.arduino.cc/en/guide/introduction. Accessed on 6 July 2021) and Open Bionic Systems (https://openbionics.org/. Accessed on 6 July 2021) exemplifies how the manufacturing process of physical products can be transformed through collaborative efforts [11].



The convergence of global “digital commons” with local manufacturing technologies has been outlined through the DGML configuration. DGML differs from the conventional market-driven production one in its promotion of distributed production realised in local but networked makerspaces [11,28]. The collective intelligence and cooperation embedded in the development of DGML solutions strengthen the potential of relevant initiatives to foster innovation [29]. Information behind the development process of technological solutions is shared as a “digital commons”, which can undergo asynchronous modifications by contributors.



DGML communities produce technological solutions locally on-demand through sharing both digital and physical infrastructure. Further, they purposely design products to last, focusing on social wellbeing while moving away from profit maximisation-oriented practices [30]. Τhe primary motives of commons-based communities stem from their need for communication, learning, and emotional fulfilment [23], aligning with values like sociability and self-development embedded in convivial processes. Besides, research has illustrated interrelated practices observed in the development of DGML products that create positive feedback loops towards conviviality [11]. Thus, it can be posited that DGML practices could foster the human-centric shaping of technology.




2.3. A Conviviality-Based Sustainability


Echoing [6], conviviality is an intrinsic ethical value that correlates with “individual freedom realised in personal interdependence”. “Survival, justice and self-defined work” are basic ideals of conviviality [6] that summarise key values included in the concept of sustainable development [31]. The social pillar of sustainability is associated with human wellbeing and includes a large list of issues related to education, social inclusion, health, safety, housing, employment and more [32]. In a convivial setting, the broader public is involved in the decision-making and production processes. Hence, human needs are taken into account, while perceptions around wellbeing can be redefined and configured collectively [7].



Pursuing a path to conviviality is not easy. There is a need to transform existing production and consumption models, as advocated by the degrowth movement [33]. The idea is to prioritise the assimilation of conviviality ideals in daily life instead of merely enhancing efficiency and optimising performance to achieve sustainability [34]. Besides, the use of energy-efficient systems does not necessarily mean that less consumption takes place if consumption patterns remain unchanged [35].



Convivial technologies are designed in such a way that users can learn about the technology and modify it according to their needs, without the necessity of relying on specialists [36]. They are decentralised, reversible, and democratically controllable [37]. Decentralisation takes place through the implementation of small-scale production units that create distributed supply chains by using local resources [28]. Reversibility is enhanced when the “black-box” behind the development process of products opens up to the public, enabling the transparency of information and inclusion of users in the production of artefacts [38]. By keeping technologies under democratic control, groups of individuals can produce technologies in a collaborative manner to cover their own needs [6].



Conviviality is a broad and abstract concept. In order to provide an accessible and comprehensive means of assessing the degree of creativity, autonomy, and decentralisation in community-based practices, the Matrix of Convivial Technology (MCT) has been developed [13]. As an empirical tool, the MCT allows participants in technological development processes to examine certain conviviality elements on a case-by-case basis (see Appendix A). As depicted in Figure 1, different levels connected to the impact of technology on human relations (relatedness), the adaptability of technology to local contexts, accessibility to technological means, the bio-interaction of technology with the environment, and the appropriateness of socio-ecological benefits of technology in relation to its socioecological impact are examined.



Contemporary tools for assessing the life cycle sustainability impact of products, such as environmental Life Cycle Assessment and Life Cycle Sustainability Assessment methods, tend to focus on a specific pillar of sustainability (i.e., environmental, social, economic). In that sense, the MCT could broaden our understanding of the complexity entailed in systems and social relations [39] by incorporating social, environmental, economic but also cultural and political elements towards comprehensive sustainability assessments.



The reconciliation of environmental, social, economic, spatial, and cultural demands in the construction process is essential for sustainable practices. Vernacular buildings exemplify how the reconciliation of natural elements and building components is possible. Such buildings are made of materials, such as stone, wood, mud, and straw that come from the nearby environment and undergo minimal processing. Natural resources (such as the soil, sun, vegetation, and wind) are used to fulfil to some extent the energy demands for cooling, heating, and lighting. Hence, harmonious interactions between the building, climate, and natural environment are fostered, following the principles of biophilic design [40]. These principles enhance energy saving, economic efficiency, environmental gains, and the improvement of indoor living conditions.



The construction of vernacular buildings is founded on intrinsically convivial construction principles, given the use of local resources to meet economic and natural limitations and the collaborative construction processes involved in relevant practices. More specifically, the region-specific nature of vernacular buildings is evident since local elements, like customs, religions, climate, and topography, are considered [41]. Despite local variations, vernacular buildings share common principles [42], including the utilisation of natural specificities (such as raw materials and energy sources) and the accrued knowledge of communities. This knowledge is empirically gained from observations of the natural environment and experimentations with local construction materials and techniques, enabling communities to build structures collaboratively and intuitively, while the need for professionals is usually minimised [43,44]. In the next section, we introduce the OCSs framework as a tool that could enable a conviviality-based sustainability in building construction.





3. Open Construction Systems as a Convivial Framework for Building Construction


In the light of the pressing need for sustainable practices in the construction sector, we discuss how a sustainable paradigm in buildings could take place using conviviality as a core tenet. We build on existing research around the exploration of DGML solutions from a degrowth perspective with emphasis on conviviality [11,45], illuminating a DGML-based framework in building construction that incorporates vernacular architecture but also relies on contemporary technologies. To this end, we explore the conviviality dynamics of OCSs, which have been studied from multifaceted aspects, ranging from their technological dynamics [46,47] to their socioinstitutional potential [46,48]. To narrow down the ambiguity entailed in the concept of conviviality [49], the MCT is used as a normative schema to provide insights on how OCSs could enhance conviviality in building construction.



3.1. Conceptual Framework of Open Construction Systems


In this subsection, we employ the conceptual framework of the DGML configuration l to delineate the contours of commons-based practices in building construction, albeit in a seed form [46,48]. We unravel the conditions under which such practices could thrive utilising the core principle of conviviality. In this vein, we aspire to prefigure alternative meaningful practices in building construction [50].



We use the term OCSs to delineate a set of connected “things” and “devices” that operate together in designing globally and manufacturing locally buildings. This set may include i. equipment (such as parametric design tools and local manufacturing technologies), ii. information resources (such information related to the digital commons and vernacular architecture), iii. community practices (such as the ones implemented in makerspaces or by open source communities), and iv. legal components (such as public copyright licences and building regulations).



Open Building Systems (OBSs) are the starting point of OCSs. The term OBSs was introduced to describe modular building components able to form a variety of building types [51,52]. OBSs are based on structured components that allow for interchangeability and present a certain degree of customisation and flexibility. The concept of OCSs expands the focus of attention from the building structure to the necessary ecosystem for fostering the lifecycle management of OBSs. Initiatives like the Hexayurt, the Open Source Ecology Microhouse, and the WikiHouse exemplify emerging forms of OCSs [46]. Figure 2 represents the conceptual framework of OCSs.



OCSs prefigure niche practices that take place on the margins of the dominant paradigm through community-based processes. They question the conventional construction model by inaugurating a new organisational and production framework that moves away from market-regulated structures. Given that issues like environmental concerns, social exclusion, and labour-intensive activities in building construction are common to all contexts, communities involved in the development of OCSs share common values and principles, which promote collaboration and bonding among the communities, and attempt to actively address the aforementioned issues.



However, beyond such shared focus of OCSs, a combination of cultural, economic, social, and techno-political specificities shapes the goals, interests, actions, and structure of OCSs locally. Each of these community-driven initiatives has its own goals, ranging from providing disaster relief shelters (like the Hexayurt initiative) to developing high-performance and affordable buildings (like the WikiHouse initiative). By providing a framework for OCSs, we want to urge engineers and social scientists to visualise common paths towards sustainable construction practices, bringing humanity and conviviality into focus [53]. Our ultimate goal is to highlight the capacity of OCSs to advance societal transformation and rouse meaningful processes of social change.




3.2. Three Interlocked Elements for Conviviality


In this section, we elaborate on three interrelated elements, i.e., modularity, sharing, and adaptability, observed in OCSs that seem to create positive feedback loops for conviviality, which respectively enhances sustainability. More specifically, modularity enables the decomposition and recombination of building modules, simplifying structures and increasing inclusiveness in the construction process [54] Sharing allows for the mutual benefit of individuals from the same resources and enables the production of collective value and shared purpose [55]. Adaptability is catalysed through the engagement of users in the construction process and is enabled via modularity and sharing [56].



Coming back to the five substantial features of convivial technologies that correspond to the levels of the MCT, a correlation between the five levels of the MCT and the three elements for conviviality can be made. In that sense, modularity potentially facilitates accessibility to technology (access) considering its capability to simplify complex solutions; sharing strengthens socioecological relations (relatedness, biointeraction, and appropriateness) through the promotion of bonding among the community itself and the community with the environment; adaptability facilitates the consideration of local contexts in the production of buildings. Figure 3 depicts the main conviviality features observed in OCSs, which are analysed below.



3.2.1. Modularity


Modularity refers to the property of structures to be easily decomposed and recombined in smaller parts—modules [54]. It provides a useful means to deal with complex systems and customise solutions [57,58]. Given the high complexity levels and interdependence among various stakeholders involved in building construction, modularity is important for handling the complexity of building systems. By increasing the modularity of building systems, certain processes can be structured and design decisions can be decoupled [59].



Modularity is embedded both in the design tools used but also in the structure of OBSs. During the design process of buildings, parametric design tools such as BIM technology enable the decomposability of buildings into distinct modular but interrelated components, which function independently to enhance computational analyses of buildings. Although parametric tools in principle allow for infinite modifications in the form and shape of components, fixed rules apply so that BIM software can grasp internal relationships between building components. These rules impose restrictions on the accurate design of certain elements of vernacular buildings since standardised building components are used to form structures and superstructures [60].



Thus, the structuring of building information enabled through BIM technology creates both a challenge and an opportunity. The challenge is related to the need for explicitly defined rules that may obstruct the imprint of distinctive building components [47]. The opportunity correlates with the capability to replicate building solutions by codifying and sharing parameterised objects. Such a potential empowers BIM technology to provide a precise interface with an integrated set of applications for well-defined modular building types, like the WikiHouse.



The design-embedded modularity in OBSs facilitates the construction, maintenance, and disposal of OBSs. For example, a WikiHouse structure includes the structural framework (chassis), the electrical equipment, the foundation, the mechanical equipment, the roof, and solar utilities. With the aid of modularity, all these subsystems can be constructed asynchronously and the surrounding community can participate depending on ability and interests to undertake specific parts of the construction process. Additionally, certain tasks can be outsourced to expedite but also simplify the entire process [54]. Modularity hence leads to a division of human labour that reduces the overall complexity of the construction process and makes the entire process more accessible and inclusive. It offers the flexibility to independently piece together, modify, rearrange, repair, and substitute modules so that the needs of users are best suited. Thus, modularity strengthens social interactions and community building, which are crucial for a more sustainable future.




3.2.2. Sharing


Sharing and collaboration are fundamental for all stages of the construction process of OCSs. Sharing takes place both in distributed makerspaces, where equipment and simple tools are used by local communities, but also online, given that digital resources are utilised for the production of open source building solutions. Collaborative processes are evident throughout the construction stage of OCSs, where subgroups work asynchronously on the assembly process of different parts, developing friendship and joyful feelings [48]. Shared resources are managed by communities, which set the rules for using resources in a fairer manner for all, with an eye to optimising production while minimising the processing of material. Recyclable, locally sourced, and reused materials are preferred to mitigate environmental impacts.



The existence of detailed documentation guides/manuals facilitates the replicability and openness of OCSs [61]. Architectural data, construction details, as well as chemical, environmental, economic, and biophysical information should be extensively documented to foster autonomy during the construction and maintenance phases of OBSs. Additionally, by accessing international codified datasets of vernacular architecture and disseminating construction practices of various districts, experimentation and combinations of best practices could be fostered, spreading the impact of local commons-based initiatives. Nevertheless, in the current stage of OCSs, fragmentation issues arise due to the lack of a comprehensive platform that includes all the up-to-date information around them. For instance, in the case of the WikiHouse, uncategorised and non-engineered design files are usually shared on online platforms, like GitHub. Besides, the existence of a complete bill of materials for OCSs is challenging considering the context-dependent nature of buildings [48].



Additionally, the plurality of expertise and skills among the participants in the construction process enhances autotomy during the construction and maintenance stages of OBSs. The level of conviviality in the construction phase rises when a highly engaged community with a strong supporting network is involved. However, in the current stage of OCSs, concerns have been raised regarding the ability of users to maintain certain building infrastructures, such as plumbing and electricity modules [48]. Technical interventions are hence necessary at certain stages which indicates that OCSs still have a long way to go.



Concerning the legal framework required, Creative Commons public copyright licences enable the free distribution of building solutions facilitating the integration of the construction industry. Such a condition empowers broad participation in the research and development of OCSs by providing technical support to local communities throughout the building supply chain.



Raising awareness about the importance of scaling up the impact of OCSs for humanity is significant to foster conviviality through the engagement of individuals in relevant processes. Some steps to this direction could be made through the orientation of science and education towards open data, the promotion of open source technologies by policymakers, and the integration of open source structured protocols for data sharing and coordination among stakeholders: from local governments and professionals to international organisations. Such protocols could set the ground for the effective implementation of construction practices in each region and country and the establishment of networks and partnerships at regional, national, and international levels. Moreover, the physical infrastructure needed for the development of OCSs should be provided, including the creation of physical co-working spaces and distributed ad hoc divisions for consultancy on administrative procedures at a national level.




3.2.3. Adaptability


The international homogenisation of building structures taking place through unsustainable construction practices has indicated the need for adaptability to local contexts with an eye to biophysical conditions [62]. The emphasis of OCSs is placed on endorsing adaptability according to human needs rather than offering one-size-fits-all solutions. Following, we elaborate on the ways adaptability could enhance conviviality and help form a more sustainable construction sector.



During the introduction of OBSs, monolithic and standardised materials are usually used as a starting point to facilitate experimentations with OBSs. For instance, standardised sheets of plywood are used for the construction of the WikiHouse chassis system usually obtained from Finnish wood industry producers. As the pool of digital commons for OCSs grows, new materials and designs are being tested in local contexts to enhance the performance of buildings through the use of sustainable materials and techniques. The use of open data could democratise accessibility to material-related properties and performance data. In this direction, platforms, like Materiom (https://materiom.org/. Accessed on 6 July 2021), can provide recipes for materials made from natural and bio-based ingredients, including agricultural waste. In that sense, open source databases could further decentralise the production of OCSs by providing the means needed to self-produce construction materials.



Distributed networks of local stakeholders (architects, manufacturers, designers, structural engineers) could provide technical support to end users and modify digital resources based on regional specificities. OBSs bear an inherent potential for adaptability to local building regulations owing to their design-embedded modularity that enables modification of building components to fit predefined geometric constraints. The development of open databases with regulation-related documents and the simplification of international technical guidelines could enhance the reproducibility of OCSs at local levels [63]. Finally, using smart features and geospatial technologies, certain types of OBSs, building regulations, available construction materials, and administrative processes could be pointed to on a context-specific basis.






4. Conclusions


Despite the plurality of existing perspectives towards sustainable construction, the challenge still remains unanswered. To provide preliminary answers to sustainable practices in building construction, we explore an alternative production model, the DGML configuration that brings the social elements of sharing and solidarity into focus. We stress the importance of introducing conviviality elements in building construction, which could foster a meaningful sustainability paradigm. In this regard, we delineate the contours of DGML in building construction through the concept of OCSs, illustrating the positive dynamics for conviviality. Hence, we identify three interlocked elements for conviviality in OCSs: design-embedded modularity, sharing practices of digital and physical infrastructures, and adaptability to local contexts.



Though our analysis, we conclude that OCSs present non-negligible tendencies towards a conviviality-based sustainability. We also formulate proposals to boost the conviviality potential of OCSs, such as advancements in Building Information Modelling technology; the implementation of open source protocols for data sharing; the institutionalisation of open source communities; as well as the integration of existing open source platforms to facilitate accessibility to building information.



Considering the involvement of diverse stakeholders, including professionals and governmental organisations (i.e., central government, local authorities, etc.) in the construction processes, the above-mentioned issues cannot be addressed in the absence of cooperation across stakeholders and institutional transformations. By stimulating policy-making efforts to build relevant institutions, OCSs could pave the way for an inclusive and democratic approach in the construction sector. To enable the flourishing of OCSs at regional, national, and global levels, awareness should be raised about the socioenvironmental considerations in the construction sector.



A point of criticism one may level against this article is the lack of empirical data regarding the maintenance and disposal stages of OCSs, which is due to the seed form of OCSs. We invite future research to focus on evidence-based assessments for these stages to provide sound data about the lifecycle performance of OCSs. A comprehensive sustainability comparison of an industrially produced building with a similar OBS would also be beneficial. For that purpose, a compilation of targeted and structured tools should be used to assess both the building structure and the ecosystem around it. The development and institutionalisation of such tools could foster meaningful sustainability assessments in building construction, facilitating the investigation of OCSs developed in different socioeconomic contexts.



Lessons should be drawn from global experiences and effective strategies should be developed on local levels, bearing in mind regional social, economic, and political specificities. Vernacular architecture can be a useful asset for defining principles for sustainable design at local contexts, while offering the opportunity to digest and assimilate conviviality values. Such values could enable us to build a common future with a particular focus on human interrelation and wellbeing. In that sense, we do not expect self-construction usually observed in vernacular practices to become a dominant construction practice. Our proposition is that certain elements of vernacular architecture, within the DGML configuration, could be utilised to point the way towards a more sustainable building sector. We thus believe that OCSs could introduce a promising pathway for fostering convivial practices in building construction by reinvigorating vernacular buildings. This could potentially mobilise individuals to acquire a more active role in building construction. The question, however, of whether we want to follow a promising but arduous path towards a sustainable future remains; and the answer is up to us.
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Figure 1. Dimensions and levels of the MCT. Adapted by: https://www.andrereichel.de/2019/05/20/artificial-intelligence-convivial-technology/. Accessed on 6 July 2021. 
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Figure 2. Conceptual framework of OCSs. 






Figure 2. Conceptual framework of OCSs.



[image: Buildings 11 00297 g002]







[image: Buildings 11 00297 g003 550] 





Figure 3. Conviviality features of OCSs. 
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