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Abstract 

The purpose of this study is to understand how the Fab Lab Network, as a global network of 

distributed digital fabrication laboratories, could influence traditional manufacturing towards 

circularity. The potential of the Fab Lab Network as a social impact innovation system is well 

known (UNCTAD, 2017), yet its potential in regard to circularity has not yet been extensively 

explored. The literature suggested that this Network and its subsequent Fab Labs can function 

as innovation niches that bring forth new socio-technical configurations towards circularity.  

It is then through their interaction with the traditional manufacturing regime that a shift from 

linear to circular production could be brought forth (Geels & Schot, 2007). 

 

This study is qualitative and exploratory by nature, following an abductive research approach. 

Due to the complexity and scale of the case, it would not have been valid to impose any 

considerations beforehand, rather letting the data speak. To this end 21 semi-structured in-

depth interviews were conducted with key actors from the Fab Lab Network, with 18 

nationalities present to represent the global scale of the Network. In analysing the data 

theories and concepts from the fields of Socio-technical Transition Theory, the Multi-Level 

Perspective, Strategic Niche Management and Mainstream & Grassroot Innovations were 

used.   

 By defining the Network as a socio-technical phenomenon a technological sub-system 

allowing for circularity has been identified, while the divergences in visions within the social 

sub-system hinders a coherent effort towards this. This is due to the niche instability resulting 

from the niche internal processes not being in support of circularity. As such the Fab Lab 

Network, in its current shape, has to be appreciated as an innovation system that empowers 

entrepreneurs and students to start circular businesses, and to a lesser extent shows promise 

to develop new organic materials for production processes.  However, currently, the Fab Lab 

Network does not provide a complete case, lacking the scale, scope, complexity and stability, 

as to establish a viable alternative to traditional manufacturing. 

Therefore, in answering the research question: To what extent can the Fab Lab Network 

influence traditional manufacturing towards circularity? The concluding answer is that the 

Network has a limited ability to exert influence: in an incremental emergent transformative 

manner, as a coherent effort towards circularity is lacking. 
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1. Introduction  

The current take-make-dispose economy has for centuries relied on cheap and abundant 

resources to increase growth of the world’s markets (WEF & EMAF & Mckinsey, 2004). 

However, this dominant linear system of mass-production has led to an overconsumption and 

depletion of the world’s resources. As a result, the global society currently needs 1.75 earths 

to sustain the current way of living (overshootday.org). Evidently things must change as the 

current way of living is simply not sustainable long term. 

Due to the increased awareness of these current negative externalities, circular economy has 

been increasingly growing in popularity as a potential paradigm shift for a better future. This 

is because circular economy’s core focus is on reducing resource usage and waste, imposing 

a drastic need for change on the current linear system of production (Gupta et al., 2018). 

However, as the current rate of consumption above suggests, it has to be realised that the 

current changes in production systems are too slow given the unprecedented climate crisis 

that the world finds itself in. Due to the scale, scope and urgency of this challenge it then 

becomes interesting to assess actors stepping in from outside of the traditional market, who 

have the potential to propose something radically different as to amplify the paradigm shift 

towards circularity. 

The Fab Lab Network, as a global network of distributed digital fabrication laboratories holds 

exactly this potential to propose something radically different as opposed to the current 

centralised mass-production systems. As the Labs are characterised by a set of underlying 

technologies that can almost make anything, potentially allowing to serve the needs of local 

communities in a circular manner through the notion of distributed digital manufacturing. To 

this end the founding father of the Fab Lab Network, Neil Gershenfeld of the MIT Center of 

Bits and Atoms, is quoted: “The real opportunity is to harness the inventive power of the world 

to locally design and produce solutions to local problems’’ (Gershenfeld, 2016). 

This research then sets out to assess the circular potential of the Fab Lab Network. To this 

end the following research question is formulated: To what extent can the Fab Lab Network 

influence traditional manufacturing towards circularity? 
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1.1 Outline of the Research 

In support of the above presented research question it is within this section that the outline 

of the research will be detailed as to structure this research. Ensuring that the most extensive 

approach available will be taking in attempting to formulate an answer to the research 

question at hand. After this section the case delimitation will be presented as to give the 

reader the necessary contextual information pertaining to the Fab Lab Network.  

Case delimitation: This section describes what the Fab Lab Network is and places the Network 

within a wider ecosystem. 

An exploration of the literary landscape: This section explores the potential positive 

paradigms emerging as a reaction to the negative externalities depicted above. Illustrating 

circularity as one of the most promising future paradigms. In doing so circularity is linked with 

the notion of Industry 4.0 after which the Fab Lab Network is placed among these concepts 

as to reveal a gap in the current scientific literature.  

An exploration of the theoretical landscape: This section builds the theoretical foundation of 

the research. In support of this theories pertaining to socio-technical sustainability transitions 

are derived from the school of evolutionary economics. Placing a particular focus on the 

Multi-Level Perspective as to allow for a systemic review, while honouring the particular 

potential of the Fab Network as an innovation niche by drawing in theoretical considerations 

from the fields of Strategic Niche Management, Grassroot & Mainstream Innovation.  

Methodology: This section presents and argues for the methodological decisions which create 

the foundation of this research. 

Findings: Building on the coding scheme developed in the methodology section, the findings 

will be presented within the four themes; Circularity, Internal and External Dynamics and 

Future Scenarios & Impact. 

Analysis: The analysis is divided into the following four sections; first assessing the Fab Lab 

Network as a socio-technical system. Secondly assessing to what extent, the Fab Lab Network 

is an active innovation system contributing towards circularity. Followed by an analysis of the 

Network’s internal dynamics which are in support of the innovative dynamics towards 
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circularity. Finally, an analysis of the external dynamics will incorporate all of the above as to 

assess what pathways are most suitable for the Fab Lab Network to influence the traditional 

manufacturing regime towards circularity. 

Discussion: Here the theoretical and empirical findings presented in the analysis will be 

discussed, focusing on the future of the Fab Lab Network and the implications of this research. 

Furthermore, the limitations of the theory applied and what implications these have for our 

research is discussed. Finally, Future research, depicting future potential research which 

arose from the research. 

Limitations: This section retrospectively reflects on the choices made primarily focusing on 

the limitations of the methodological choices made and how they impact the analysis of this 

paper. 

Conclusion: The core findings and analysis of the research will be concluded by answering the 

research question.  

2. Case delimitation  

The following section describes what a Fab Lab is and what defines the Fab Lab Network, how 

its existence came to be and how this has influenced the way the Fab Lab Network functions 

today. Additionally, the official entities within the Network, namely, Fab Foundation, Fab 

Academy and Fab City will be clarified. The Fab Lab Network is situated within the broader 

ecosystem of the Maker Movement which is characterised by open innovation and 

production in a Do-it-yourself manner. Understanding the wider ecosystem enables the 

identification of what sets the Fab Lab Network apart from the rest of the Maker Movement. 

Finally, the global manufacturing regime, which is assumed as the negative status quo in this 

research, will be presented. 

2.1 Defining a Fab Lab 

A Fab Lab is short for digital fabrication laboratory, in its essence it provides an array of 

different computer-controlled tools that can be applied to and make a wide array of materials 

(Menichinelli, 2011). As such it is offering a high-tech workshop, through which digital 
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manufacturing technologies, previously only available for expensive mass production, are 

now democratised. Allowing for individuals to develop, prototype and make highly 

customised things not accessible before (Knips et al., 2014). The Fab Labs are built on the 

belief that the most impactful results of the digital revolution are created by enabling 

communities to participate in the development of their own technological tools for their own 

specific problems (Mikhak et al., 2002).  

The technologies that make up a Fab Lab are a 3D printer, a laser cutter, a sign cutter for 

plotting copper, a CNC milling machine, a large wood router and a set of programming tools 

and electronic components. As such a Fab Lab can make everything from antennas, flex 

circuits, circuit boards, precision parts, furniture, housing and microcontrollers (Fab 

Foundation, n.d.). For the non-technologists among us, this set of technologies allows you to 

make almost anything, from most types of hardware, through to hardware-enabled by 

software (Gershenfeld, 2011). 

If a space has this set of technologies, it is not necessarily a Fab Lab, or part of the wider Fab 

Lab Network. For this, the space and the people involved in the space need to adhere to the 

Fab Charter (See Appendix A.1). The full version can be found as an appendix, but in summary: 

a global network of local Fab Labs, promoting invention through digital fabrication, the 

Network provides operational, education, technical, financial and logistical assistance. 

Furthermore, Fab Labs are a community resource, providing open access to both individuals 

and scheduled programs. When adhering to the Fab Lab charter it is your responsibility to 

provide safety, good operations, and actively contribute to the sharing of knowledge through 

documentation and instruction. All designs and processes originated from Fab Labs can be 

sold and copy written as the inventor sees fit yet should remain open for learning. Commercial 

activities can be prototyped and incubated in a Fab Lab, as long as there is no conflict with 

other uses, but should grow beyond the lab, and are expected to benefit the success of the 

inventor, the lab and the Network (Fab Foundation, n.d.) Fab Labs are seen as spaces that 

both incorporate art, science and engineering and mix digital and physical technologies to 

both learn new skills, create and explore (Sheridan et al., 2014). 
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2.2 The origins of the Fab Lab Network  

The idea behind the Fab Lab originates from the Massachusetts Institute of Technology (MIT) 

and their Center of Bits and Atoms (CBA) run by Neil Gershenfeld. CBA served as the first Fab 

Lab, created in 2001 to serve as an educational outreach component and eventually 

developed into a platform for local innovators and entrepreneurs. This initial Fab Lab has 

grown into a network of over 1830 Fab Labs spread across 100+ countries. As recently as 2015 

the number of Fab Labs was 350 in 30 countries; this exponential growth has been dubbed 

Lass's Law after the CEO of the Fab Foundation, Sherry Lassiter, based on the principle of 

Moore's Law (Fablabs.io, n.d.). Fab Labs are open to anybody from youth, students, 

researchers, entrepreneurs, start-up, SME's and larger organisations, resulting in an open and 

creative community of professionals, amateurs, educators, engineers, scientists, artists, 

architects, and fabricators. Fab Labs can take on many different forms, from grassroot 

community-based labs to advanced research centres. Due to this diversity the Network is 

"simultaneously a manufacturing network, a distributed technical education campus, and a 

distributed research laboratory working to digitise fabrication, inventing the next generation 

of manufacturing and personal fabrication" (Fab Foundation, n.d.). 

2.3 The Fab Foundation, Academy & City  

Since its creation, there have been some notable events that contributed to furthering the 

Network, namely the formation of the Fab Foundation, Fab Academy and the Fab City 

initiatives. The Fab Foundation was founded in 2009, with Sherry Lassiter as President and 

CEO, formerly the program manager of CBA. It supports the Network and development of 

regional capacity-building by providing access to tools, knowledge and financial means for 

education and innovation for new technology uses and digital fabrication. To provide an 

opportunity to improve livelihoods and lives around the world, their main target audience is; 

community organisations, educational institutes and non-profits for whom they provide 

programs focused on education, building organisational capacity and services and finally 

aiding in creating business opportunities. (Fab Foundation, n.d.) 

The Fab Academy started with CBA and has currently grown into a distributed educational 

model, meaning that where there is a Fab Lab, you can join the program. The course content 

is based on MIT's rapid prototyping course, MAS 863: how to Make (Almost) Anything. 
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Students learn how to use digital fabrication tools through hands-on experience in Fab Labs 

and online courses directed by Neil Gershenfeld. The program is based on three pillars, 

namely community, sustainability and education (Fab Academy, n.d.). 

Lastly, Fab City, a separate foundation within the Network that was created in 2014 to 

challenge cities to produce and consume everything they need by 2054. Currently, 34 cities 

are participating in this challenge. Using the values and technologies of the Fab Lab network, 

the initiative aims to enable an industrial paradigm shift, from the current Product-In Trash-

Out to a Data-In Data-Out circular urban model. In doing so, they aim to make locally 

productive yet globally connected cities and citizens (Fab City, n.d.). 

2.4 Setting the Fab Lab network apart 

The Fab Lab network is not only to be associated with the 'do it yourself' (DIY) movement but 

should be seen as part of a wider ecosystem often referred to as the Maker Movement.  

Within this movement, we see Makerspaces such as Fab Labs, hackerspaces, DIY spaces and 

increasingly DIY biology-labs (Kohtala, 2019). According to Hartmann and Mietzner (2017), 

the general understanding of the Maker Movement is characterised by a democratic culture 

which is built upon the use of digital production technologies. As the Fab Lab Network, the 

Maker Movement overall is defined by being community-based, socially driven bottom-up 

movement (Millard et al., 2018). 

The Fab Lab Network can be characterised as having a more official developed structure than 

seen for the aforementioned other maker spaces. Entities such as the Fab Foundation and 

Fab Foundation show indications of institutionalism, thus allowing for research of the 

Network in its entirety. 

2.5 The Manufacturing Regime 

For this paper, it is essential to understand the regime to which the Fab Lab Network, as a 

socio-technical system, is compared against. As the purpose and output of the Fab Lab is 

production, the manufacturing regime referred to as mass production is the focus of this 

paper.  Mass production is characterised by the ability to divide the task of production into 

elementary tasks, which is often performed by low-skilled workers. Additionally, it is 
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characterised by being rigid and changes to the system are costly and time-consuming 

(Bianchi & Labory, 2011). Products are often produced at a large scale and are homogenous 

in order to exploit economies of scale which, results in the ability to charge a lower price for 

each product (Bianchi & Labory, 2017). The manufacturing entities referenced in this paper 

are therefore companies that are set up to deliver production as a service and those who 

adhere to the common mass production logic described above. 

The participation in global value chains is seen as crucial for the current manufacturing regime 

in order to increase productivity (Criscuolo & Timmis, 2018) A by product developed by these 

global value chains are the global waste streams generated from the production and 

manufacturing. As an example, the EU divides this waste into two streams consisting of; 

materials such as metals and plastics and streams made of specific products such as electronic 

waste (EU, 2015). According to a report developed by The World Bank states that it is crucial 

that urgent actions are taken to combat the increase in global waste. They predict the global 

waste to grow by 70% by 2050 if measures are not taken quickly, an increase that is being 

driven by rapid urbanisation and population growth (The World Bank, 2018). 

The current mass-production regime is experiencing a transformation with the technologies 

associated with the 4. Industrial Revolution. These technologies are expanding the use of 

complex networks of machines, increasing the utilisation of data, thus merging the physical 

production with the virtual world to a much larger degree than previously seen (Brynjolfsson 

& McAfee, 2014). 

3. Exploring the literary landscape  

This section explores the potential positive paradigms emerging as a reaction to the negative 

externalities of the current linear mode of production. Furthermore, circularity is framed as 

one of the most promising future paradigms. Following, circularity will be coupled with 

affordances of the Industry 4.0. Finally, the Fab Lab Network is placed within the above-

mentioned concepts to explore the theoretical field concerned with the Fab Lab Network and 

circularity.  



13 
 

3.1 The current state of the World  

Sparked by the industrial revolution, the past 150 years have been dominated by a linear form 

of production and consumption. Raw materials are sources transformed into products which 

are then shipped off to the consumer and discarded once the product reaches the end of its 

life span. In what has been characterised a 'take-make-dispose' economy, the global markets 

have relied on cheap and abundant resource to create growth and stability. Thus, there has 

been a historical assumption that there is an unlimited supply of natural resources and an 

unlimited environmental capacity to absorb pollution (WEF & EMAF & McKinsey, 2004).  

 

Basic calculations show that it is not sustainable for the world to proceed in a manner that it 

has until now (PWC, 2019). This is, for example, marked by the previously mentioned earth 

overshoot day, which is the day on which the earth has officially used up all the resources, 

which it can naturally produce for that year. In 2019 it required 1.75 earths to sustain the 

world's population's way of living.  (overshootday.org)  

 

Thus, the current way in which we produce and consume is deemed as an outdated view and 

even though promising steps have been made towards increased efficiency and recycling, this 

model is still characterised by multiple waste streams all along the supply chain. Furthermore, 

by adding mega trends such as population growth, rapid industrialisation and urbanisation 

our planet is increasingly experiencing pressures on its resources (EMAF, 2013).  

 

The world can be categorised by economic globalisation, namely a merging of national 

economies through trade, FDI (foreign direct investment), capital flows, international flows 

of workers and technology.  It is this said economic globalisation which is often criticised by 

climate change activists as being one the main contributing factor to climate change (Rai & 

Rai, 2013).  

 

The current environmental consequences we are seeing today and will further see in the 

future, are a result of our current manufacturing regime based on mass production and 

consumption, we must, therefore, redefine the ways in which produce and consume in order 

to create a sustainable future (Dickel et al., 2016).  
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3.2 A Paradigm Shift 

It is thus, evident that there is a need for a paradigm shift in order to tackle the climate change 

that is eminently facing our society. The following section presents some of the movements 

which can potentially enable a paradigm shift and challenge the conventional way of 

production and consumption.  

3.2.1 Degrowth  

Degrowth should be viewed as a movement which envisions a smaller economic system 

operating within the ecological boundaries, ensuring a democratic paradigm shift (Boostra & 

Josse, 2013). A degrowth perspective entails a decrease in the high levels of consumption and 

thus, the slowing of economic activity (Latouche, 2010). Concluding that if degrowth were to 

become prevalent on a global scale, it would shatter the current capitalist mode of production 

(Buch-Hansen, 2018). 

 

Buch-Hansen (2018) argues that the degrowth movement has yet to impact the wider 

economic system and is still politically marginalised.  He, therefore, pinpoints four 

prerequisites for this to evolve into a paradigm shift. The first being a shock or crisis of the 

existing system, secondly, an alternative political project, thirdly a coalition of social forces 

and finally consent within the population (Buch-Hansen, 2018).  

3.2.2 Bottom-up Economics  

A top-down approach tries to alter the current mode of production and consumption patterns 

by still applying a centralist approach and with the majority of the power remaining with the 

corporations. However, it must increasingly alter itself to meet customer demands by, for 

example, increasing digitalised modes of production. The bottom-up approach's point of 

departure is to radically alter the current relationship between consumer and producer, by 

engaging the customer in both product design and production and thus migrate towards a 

more decentralised system of production (Bauwens et al. 2005)  

 

Bottom-up economics is characterised by interweaving the roles of the producer and 

consumer through open, distributed and networked structures and processes (Redlich & 

Mortiz 2016). 

 



15 
 

Redlich & Moritz (2019) observe a paradigm shift in the production of physical objects with 

openness as a key factor in the approaches to production, which are manifested in 

collaboration, decentralisation and individualisation in value creation. 

 

Furthermore, Redlich & Mortiz (2019) also argue that the theoretical framework of bottom-

up economics can be summed up by the following concepts; "sharing economy, peer-2-peer 

production, open innovation, open production, crowdsourcing, user innovation, co-creation 

and  open source innovation among others " (Redlich & Mortiz, 2016; p.2 

3.2.3 Prosumerism 

The idea of a more blurred line between producer and customer is further exemplified in the 

concept of Prosumerism. A key aspect of revolutionising our systems of manufacturing 

revolve around altering the way we perceive and relate to the role of the established producer 

and consumer. Consumers becoming more involved in the value creation process will 

redefine the lines drawn between producer and consumer (Dickel et al, 2016).  

 

During the 1980's Alvin Toffler coined the term 'prosumer'. The term further evolved with the 

rise of the Internet and the new possibilities and challenges that it brought with it. Despite 

being born in the age of rapid development of technology and innovation the term signifies a 

return to subsistence, more exactly the time prior to the Industrial Revolution's division of 

labour. When we did not consume more than we were able to produce as individuals and 

before capitalism created markets that increased both consumption and production. The 

term blends together the word "producer" and "consumer", and Alvin envisioned consumers 

playing a much larger and active role in the design and production of their products and would 

therefore shift from being "consumers" to "prosumers".  (Ahluwalia & Miller, 2014). 

 

The term has throughout the past decade had a revival in connection with the increased 

demand for customised products and with it has introduced new definitions of the term. With 

the rise of Web 2.0 and with that the rise of the possibilities for the consumer to customise 

their products, the period of the consumer purely being a recipient of the product is changing 

(Ritzer, 2015).  
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3.2.4 Co-creation  

As described above the concept of prosumerism entails a co-creation between the producer 

and consumer. Galvagno & Dlli (2014) defines co-creation as ""joint, collaborative, 

concurrent, peer like process of producing new value, both materially and symbolically" which 

can be introduced to any point of the value chain. 

 

Redlich et al. (2019) argue that we are in the midst of a democratisation of value creation 

where globally more people are willing and able to participate and collaborate in value 

creation 

 

Dickel et al. (2016) emphasise that co-creation enabled by digitalisation emphasis the absence 

of centralised steering structures and allow for a community-based effort to value creation. 

Building on the ideas of 'commons-based peer production' (CBPP), where ecosystems of 

commons-oriented communities create the possibility for new ways of value creation to be 

formed and distributed and open technology allows for individual actors to self-organise and 

communicate and potentially co-create outside the traditional economic market (Bauwens, 

2005). 

3.2.5 Redistributed manufacturing  

The current structure of our manufacturing model is bound to change with the external forces 

such as new technologies weighing down on it and the increasing demand for customisable 

products. The current model of manufacturing is characterised by centralised facilities, large 

scale assembly lines that allow producers to supply mass markets. Turner et al. (2019) argue 

that due to new technologies made available in the Fourth Industrial Revolution 

manufacturing models will become more "decentralised, on-demand, localised, and 

customisable" known as redistributed manufacturing (RdM) (Turner et al., 2019 p1).   

 

By incorporating technologies such as Industry of things, big data and blockchain 

manufacturing can reduce supply chain costs, increase sustainability and meet the growing 

demand for customisation of products. Turner et al. (2019) argue that customisation, 

localisation and servitisation are three main underlying concepts that constitute the RdM 

movement.  
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Moreno and Charnley (2016) define RdM as "the shift from centralised to decentralised 

manufacture with the aim to create a more resilient and connected system taking advantage 

of digital intelligence and newly emerging technologies, to provide an agile, user-driven 

approach that will allow for personalisation and customisation of products to local markets" 

(Moreno & Charnly, 2016 p.2) Their study found several similarities between the drivers of 

circular models and redistributed models and furthermore how they could be further 

developed by utilising technologies. In conclusion there are three types of RdM models which 

have circular innovation characteristics; 'Distributed Production and Services, 'Connected 

Production and Services' and Localised Production and Services (Moreno & Charnley, 2016).  

 

Baines et al. argues that through servitisation the customer only pays for when they are 

utilising the given asset instead of purchasing it. This decreases risk and alters structure of 

responsibility and costs related to the ownership of the asset (Baines et al., 2007). They 

furthermore argue that this results in a more fluid relationship between what can be 

categorised as products and what can be characterised as services (Baines et al. ,2007) 

3.2.6 Localisation 

As evident from the above sections, many of the positive movements gaining traction and 

pressuring the current regime, revolve around decentralisation, namely what can be 

described as localisation.  

 

In his research of what he refers to as transition movements, a model for a community-led 

response, Hopkins (2011) emphasises that a significant theme within transition movements 

is 're-localisation'. Where local communities work together to diversify their local economies, 

thus reducing their dependency on at times unstable global markets. This further allows them 

to take more direct action on issues which their community is facing as well as to foster 

innovation without having to wait for political institutions or the private sector to act.  

 

The idea of 'localisation' is further substantiated by Seyfang (2010) who argues that 

community-led initiatives are crucial for the development of sustainability and further have 

great potential of enabling a transformation of the society as a whole. Thus, community 
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actions are becoming an integral part of sustainable policy for various fundamental reasons 

such as the necessity of active citizens and strong local institutions and locally originated 

actions to create socially embedded changes (Nye & Burgess, 2008).   

 

Moreno and Charnley (2016) argue that localisation allows the manufacturer to physically be 

situated closer to its customers and thus reduce C02 emissions by a reduction in 

transportation, sourcing local materials and components and reducing the amounts of waste. 

Additionally, by being closely situated to the end-user increases the odds of manufacturers 

recycling or remanufacturing products or elements of products (Moreno & Charnley, 2016).  

 

In the article 'Design Global, Manufacture Local: Exploring the contours of an emerging 

productive model' (2015), Kostakis et. al presents '…from a techno-economic perspective, how 

a global commons-oriented productive model could be possible' in the form of the 'Design-

Global, Manufacture Local' model (DGML) (Kostakis et al., 2015 p.126). The model is 

characterised by small-scale, decentralised, resilient and locally controlled; thus, recognising 

the limits to growth (Kostakis et al., 2015).  

 

The DG-ML model is rooted in the belief that the economy should move away from a growth 

objective and rather towards contraction (expand on what contraction means). Additionally, 

the model builds on the interaction between the digital commons of knowledge and design 

with desktop (Kostakis et al., 2015). Kostakis et al. (2015) argues that in order to outperform 

the current capitalistic models, it is crucial that a model is developed that can challenge the 

current dominant system in order to replace it.  

 

From the above it is evident that no one of the movements have gained enough traction to 

be characterised as a paradigm shift. However, many of the above-mentioned movements 

can be argued to be components of the wider paradigm of circular economy. The concept of 

circular economy will be further reviewed in the following section.    
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3.3 Circular Economy  

It can be argued that one of the current largest paradigms emerging as a challenger to the 

conventional way of production and consumption is that of circular economy. The following 

section reviews how circularity can become a dominant paradigm within the economy  

3.3.1 Defining Circular Economy  

In a joint report between World Economic Forum, The Ellen MacArthur Foundation and 

McKinsey & Company (2014) it was estimated that by 2025, circular economy has the ability 

to generate 1$ trillion a year for the global economy through reduced material use. If circular 

economy is correctly planned and implemented, it has the ability to increase sustainability 

and innovation while decreasing the cost and thus improving competitiveness (McAloone & 

Pigosso, 2019).   

 

Circularity originates from a wide variety of school of thoughts some can be traced back to 

the 1960's for example; Cradle to Cradle (McDonough and Braungart 2008), Regenerative 

Design (Lyle, 1996) and Performance Economy (Stahel and Redray, 1976) (Cumming, 2019). 

Circular economy to many is still a relatively new concept that does not hold a clear-cut 

definition and is therefore often being understood and operationalised differently from actor 

to actor. Cumming (2019) argues that this lack of a common definition and confusion among 

the terminology utilised within the field of circular economy is hindering its development.  

 

Circular Economy can be divided into two core principles; those related to the R frameworks 

and the systems perspective. The R framework; reduce, reuse, recycle and recover is most 

prominent in writings on cradle-to-cradle. The systems perspective is often framed as, for a 

circular economy to succeed it requires a fundamental shift,  small incremental changes of 

the current system are not sufficient, we must enable a large systemic shift (Kircherr et al., 

2017).  Kircherr et al. (2017) found that the 4Rs framework was found less frequently after 

2012 and with a drastic increase in reference to the systemic perspective within the 

definitions examined. They hypothesise that the discourse towards a systemic perspective 

was an effect caused by the Ellen MacArthur Foundation as they in 2012 focus on the systemic 

perspective in their definition of CE (Kircherrr et al., 2017).  
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The Ellen MacArthur Foundation can be recognised as the largest organisation whose sole 

purpose is to promote the adoption of the circular economy. The Ellen MacArthur Foundation 

defines circular economy as an economy which is 'restorative' and 'regenerative' according to 

three principles. Firstly, through design, waste and pollution is diminished. Secondly, products 

and materials must enter into a loop and stay in use. Finally, it focuses on creating a 

regenerative natural system (ellenmacarthurfoundation.org).   

 

The circular economy framework developed by the Ellen Macarthur foundation distinguishes 

between biological and technical cycles. The biological cycle concerns itself with food and 

biologically based materials which by design feed back in the loop. Technical cycles focus on 

the recovering and restoring of products, components and materials by utilising the R-

framework of reuse, repair and remanufacture (ellenmacarthur.org).  

 

Circular economy is thus, a system in which the focus is to restore or regenerate through 

intentions and design. The first principle is by optimising and focusing on the design phase 

waste will become non-existent by increasing material productivity. Secondly, there is a clear 

distinction between consumable and durable elements of products. Especially when focusing 

on durables, they are designed to be reusable and are to be leased, rented or shared 

whenever it this is possible, thus altering the structure of ownership. This change in 

ownership structures especially emphasis the new innovative business models that circular 

economy brings with it. A change from ownership to performance-based payment models is 

crucial to create value propositions around a product's ability to be reused. (WEF & EAF & 

Mckinsey, 2014) 

 

3.3.2 The transition to CE  

Many of the world's industries are characterised by complex global value chains that 

complicate the switch to circular economy as well as the ability to scale circular business 

models. Many face challenges such as non-transparent value chains that do not allow for 

traceability of the sourcing of materials. Products have a linear design and it is argued that 

80% of a product's environmental impact is influenced by its design process. (WEF & 

Accenture, 2019) A great emphasis is especially put on increasing the ability to much more 
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easily disassemble a product so that they are more easily repaired and if this is not possible 

each individual material is able to be recycled and reused. (WEF & EAF & Mckinsey, 2014) This 

is further substantiated in a report developed by the World Economic Forum (2020)"The key 

to the success of the circular economy approach is to focus on the design stage, rather than 

trying to deal with waste at the end of the product's life" (World Economic Forum, 2020 

www.weforum.org). 

 

As stated above by Kircherr et al. (2017), drastic changes need to occur within; product design, 

product ownership and business models, in order to achieve circular economy. Burgon and 

Wentworth (2019) argue that such changes will most likely result in an increased service 

economy, where we will see a larger focus on access to products compared to actual 

ownership of products. Burgon and Wentworth (2019) further argue that one of the most 

crucial changes needed in order to achieve circular economy will be altering the way products 

are designed, as 80% of a product's environmental impact is defined in the design stage. 

Additionally, they state the need for 'Extended producer responsibility (ERP), as in traditional 

linear production, the producers do not bear the costs associated with disposal of a product. 

This creates little incentive for the producers to incorporate a product's ability to be 

disassembled and reused. By creating ERP the economic and practical burden would naturally 

be placed with the producers thereby creating the incentive. ERP can be constituted in two 

forms, collective (CPR) and individual (IPR) producer responsibility. IPR creates a more direct 

responsibility for the individual product produced and could potentially create a larger 

incentive for a circular design, where CPR divides the cost and responsibilities among 

producers (Burgon & Wentworth, 2019).   

 

3.3.3 Barriers to Circular Economy 

Many of the world's industries are characterised by complex global value chains that 

complicate the switch to and the ability to scale circular business models. Many face 

challenges such as non-transparent value chains that do not allow for traceability of the 

sourcing of materials. Products have a linear design and it is argued that 80% of a product's 

environmental impact is influenced by its design process. (WEF & Accenture, 2019) 
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In a circular economy, supply chains will become an even more crucial unit of action than seen 

before, it is within the supply chains that we are able to drive growth. With one of the main 

challenges being stakeholder collaboration and coordination to ensure a systemic change. 

(WEF & EAF & Mckinsey, 2014) 

 

3.3.4 Circular Economy & Policy  

Most legislations and regulations were created for a linear economy, and many are not 

supportive or directly hinder the development of a circular economy (Cumming, 2019). It is 

crucial to understand that altering policy towards circularity requires a collaborative 

relationship between local, national and global political movements and institutions. 

 

The variety in approaches to circular economy reflects the complexity of trying to shift whole 

economies and societies onto more circular and sustainable development pathways (Benoy 

& Lehne, 2019 in Charter, 2019 p. 48). Analysing circular economy policies at a macro level, it 

is evident that the EU, Japan and China are the regions which have created the most extensive 

legislative frameworks. Benoy and Lehne (2019) argue that on a more micro level there are 

many communities and city-level driven initiatives concerned with circular economy. 

 

It is often the negative externalities which a country faces which influences how developed 

their policies towards circular economy are. This is the case in Japan, where due to a shortage 

of natural capital, high density living and space available for recycling activities, Japan has 

been forced to invest in recycling infrastructure and has done so by creating a close 

cooperation between government, civil society, public sector and manufacturers. The system 

developed sets itself apart from others as it focuses on recovering value rather than recycling 

volumes (Benton, Hazell, 2015). 

 

When promoting circular economy from a policy perspective there are also cons that must be 

considered, for example production will see added transaction costs, which other elements 

of legislation may not make up for, thus putting manufacturers at a disadvantage compared 

to foreigners (Kennis Karsten, 2017). Benoy and Lehne (2019) further argue that in order to 

scale up and foster a transition towards more CE, policy tools and financial instruments that 
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allow for equal incentive throughout the entire supply chain whilst creating conditions that 

enable CE and remove regulatory barriers. They believe that markets cannot create a CE by 

doing business as usual, and it is the job of government to create incentives and help that a 

CE requires (Benoy and Lehne, 2019). 

 

Burgon and Wentworth (2019) further argue that it is crucial that policymakers install 

legislation that ensures better durability and the expanding of materials efficiency. Today the 

primary focus of product-related environmental legislation concerns itself with increasing 

products level of energy efficiency. Furthermore, they argue for the implementation of 

'regulatory reuse requirements or market incentives for secondary material use or pricing 

externalities (like emissions) into raw materials (Burgon & Wentworth, 2019). 

 

From the above it is evident that there is a huge gap between circular economy as a concept 

and the level and amount of practical actions taken to move closer to a circular economy 

(Bianchini et al., 2018). The following section will discuss the use of technology as an enabler 

towards circular economy.  

 

3.4 Industry 4.0  

The emergence of the 4th industrial revolution can be argued to provide technologies which 

enable a paradigm shift towards a circular economy. The technological affordances and 

constraints associated with the 4th industrial, which can enable circularity will be presented 

in this section.  

 

The emergence of the Fourth Industrial Revolution provides opportunities to reshape 

industries and alter the way in which we source, manage and value our resources (WEF & 

Accenture Strategy, 2019). The term Industry 4.0 exemplifies the horizontal integration of the 

value creation network that is made possible through new innovations and technologies, such 

as cloud computing and Internet of things (Stock & Seliger, 2014) Additionally, it aims to 

leverage difference between the physical, digital and biological sphere. It integrates cyber-

physical systems and the Internet of things, big data and cloud computing, robotics, artificial 

intelligence-based systems and additive manufacturing (EU,2018). 
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As one of largest political interests, the EU sees the Fourth Industrial Revolution as a major 

opportunity to improve the income levels and quality of life across the globe, for a growing 

population. In a business context, the 4th industrial revolution allows for more durable and 

resilient products that can be more effectively maintained with the use of data and analytics. 

Additionally, politically the new technologies enable a larger engagement between 

governments and their citizens than seen before and provides opportunities to incorporate 

civil society into legislation and thereby tackle the challenges faced by society. For the 

individuals it will alter the way we consume, the structure of ownership and how we utilise 

our time (EU, 2018). 

 

3.4.1 Industry 4.0 and Negative Externalities  

However, the above also describes a world which will experience a dramatic increase in the 

production of electronic devices. In the past decades, we have experienced an extreme speed 

of innovation and thus a dramatic lowering of costs related to the production of electronic 

and digital goods, which has simultaneously created an exponentially increasing demand for 

these products. This has resulted in E-waste being the fastest growing form of waste stream 

today (PACE, WEF, UN E-waste coalition, 2019). Electronic waste is the fastest-growing form 

of waste stream and is increasing two times fast than other streams (Szaky, 2016).   

  

With the increasing amounts of human developed waste streams, it is crucial that we develop 

ways off utilising these waste streams and creating a loop where materials are utilised to their 

fullest potential. This coupled with the rise of the fourth industrial revolution, emphasises the 

need for well-developed systems of waste management (Szaky, 2016).  

 

3.4.2 Industry 4.0 & circularity  

(Ramkumar, 2018) argues that in order to create and increase the speed of the systemic shifts 

we need to create a circular economy we must incorporate and utilise digital technology even 

more rapidly in our society. He further highlights that one of the many assets of these new 

technologies is the increased ability to collaborate and thus increase the level of knowledge 

sharing and optimising the assets and resources we have available. It is thus crucial that an 
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infrastructure that allows for this connection in the form of the Internet of things. 

Technologies such as IoT and cloud computing enable us to 'dematerialise' many components 

of the industry (PACE, WEF, UN E-waste coalition, 2019). 

 

One of the major characteristics of the Industry 4.0 is the ability to generate, store and share 

data of almost anything. This is especially emphasised in the development of IoT, enabling big 

data analytics. In a report developed by the World Economic Forum and Accenture it is 

concluded that one of the main components needed to enable circularity is data-enabled 

infrastructure. They argue that underlying technologies, such as IoT and blockchain, have yet 

to effectively be combined, thus allowing for it to be implemented at scale to foster circularity 

(WEF & Accenture, 2019).  

 

By linking data information to physical material flows, it is possible to increase transparency 

about material’s journey through its product lifecycle journey. Tools utilising blockchain 

technology allow for a 'product passport' to be created informing origin, contents, condition 

to players within its value chains, referred to as anchor technology storing either the data on 

the product itself or in the cloud. The product passport is a component of Internet of materials 

(IoM), a decentralised system that allows data to be connected on both products as well as 

materials. Despite this technology still being in its infancy it shows great potential and further 

emphasises how important data is in our quest for developing a circular economy. An IoM 

can additionally also reinforce Extended Producer Responsibility (ERP) (WEF & Accenture, 

2019).  

 

Furthermore, the technologies related to open innovation have throughout the past decade 

been proclaimed to revolutionise the global manufacturing industry. In a paper written by HP 

and AT Kearney it is argued that the increased growth technologies such as 3-D printing will 

disrupt all aspects of production from design to consumption. They argue that 3D printing will 

be the primary enabler of these shifts and we will experience a democratisation and a mass-

customisation of manufacturing on a global scale (HP & AT Kearney, 2018). Kellens et al. 

(2017) created two keys aspects defining 3D printing as a green technology. The first is in the 

potential of waste reduction, through the potential use of recycled materials thus decreasing 
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the excess material. Secondly, the increased accessibility of 3D printing technologies allow for 

local production thus, decreasing transportation.  

 

From the above sections it is evident that the technologies brought forth by the Fourth 

Industrial Revolution have a large potential to help the world transition into a circular 

economy. Many of these technologies as well as the intrenched belief in the sharing of data 

and being open-source are seen within the Fab Lab Network. The following section will thus 

focus on previous literature indicating the potential Fab Labs to alter the way in which we 

produce and manufacture.  

 

3.5 Fab Labs and Circular Economy   

Many of the movements described above have existed for many years but have yet to expand 

to a level which challenges the current manufacturing regime thus being able to challenge the 

status quo. It is furthermore evident that decentralisation, namely in the form of local 

empowerment, is crucial for many of the above movements. However, many of the 

technological affordances brought forth by the Fourth Industrial revolution may provide the 

necessary tools needed to create a systemic change towards a circular economy.  

 

An argument can be made that as Fab Labs are naturally embedded within their local 

communities and their focus on digital production provides them with a unique position to 

drive forth circularity. This argument is further substantiated by Buch-Hansen (2018) who 

argues that a paradigm "However, again, an alternative paradigm only becomes hegemonic 

if it attracts support from a comprehensive coalition of social forces" (Buch-Hanse, 2018 

p.159). Emphasising the need for a combined effort and actors who engage beyond the 

borders of their network, corporation, community an so forth.  

 

In 2017 the United Nations Conference on Trade and Development (UNCTAD) developed a 

report investigating which new technological approaches could support reaching the 

sustainable development goals (SDGs) by 2030. One of the new innovation approaches 

presented was 'Grass-roots innovation', which broadens the range of actors and speaks to 

social inclusive ways of approaching solutions (UNCTAD, 2017). A key factor identified for this 
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approach is that the innovation exercised by these actors includes the empowerment of local 

communities both in regard to generating and the spreading of knowledge, developing the 

process and the implementation of the outcomes. Additionally, as a contrary to capitalistic 

motives this innovation is often not driven by competitiveness or profit in the market 

economy but rather by the needs of society and the environment (UNCTAD, 2017).  

 

The UNCTAD report argues that the maker movement, specifically identifying Fab Labs, as an 

example of a 'contemporary grass-roots innovation movement' by experimenting with 

technologies informally in areas such as digital fabrication and software and linking them with 

traditional crafts such as carpentry and mechanics (UNCTAD, 2017). The report identifies that 

the movement of maker spaces, fab labs, hacker spaces etc. can specifically contribute to 

education, innovation, consumption and local and global partnerships (UNCTAD, 2017).  

Concluding that education, consumption and local and partnerships are important modes to 

achieve circular economy.  

3.5.1 Previous Research  

Relatively few studies concern themselves with particularly Fab Labs and circular economy. 

Studies either research the broader concept of makerspaces where Fab Labs can be viewed 

as a particular type of maker space or they focus on the intersection between Fab Labs and 

sustainability. For the purpose of this paper it is still relevant to understand the previous 

research done in this field to understand whether or how Fab Labs deviate from the broad 

concept of makerspaces in regard to the topic of circular economy. Additionally, sustainability 

can be argued to be a more developed topic and the evidence of a sustainability focus in Fab 

Labs could indicate a potential of circular economy to develop and provide evidence for a 

majority of Fab Labs to unite on a common agenda. The following two studies are those which, 

most explicitly concern themselves the Fab Labs and makers spaces and whether activities 

related to sustainability and circularity are present. However, no theories were found which 

concerned themselves with the potential of the Fab Labs to influence the manufacturing 

regime towards circularity.  

 

Millard et al. (2018) researched whether the maker movement is contributing to 

sustainability, with the premise that due to it being a socially driven bottom-up movement it 
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possesses the right potential to contribute to social, economic and environmental 

sustainability. Through the examination of 42 different maker initiatives, the research found 

that the movement has managed to create a global ecosystem for prototyping with a 

potential of local manufacturing, enabling a reduction in emissions. However, Millard et al. 

(2018) argue that 3D-printing will play a crucial role in the production of highly personalised 

goods, but it will still only be in small quantities and rather supplement than replace mass 

manufacturing. They foresee a collaborative development where base products are mass-

manufactured, and the personalisation of the product can occur locally and thus adapt to 

local needs and wants (Millard et al., 2018).  

 

Cindy Kohtala (2019) has researched makerspaces and their transition into circular economy.  

Her research found that many various actors such as universities, NGOs, professional 

designers and authorities at the municipal level are eager to collaborate with makerspaces in 

the designing of a CE. These actors see a potential to learn from both the spaces themselves 

as well as the actors in several ways; their knowledge of technologies and material, the 

openness to sharing knowledge and the collaboration that is naturally ingrained in the spaces, 

their ability to disassemble and the modification of products and finally how they are 

embedded in their local communities (Kohtala, 2019). 

3.5.2 Aim of Research  

As the report by UNCTAD (2017) argues, the openness, local embeddedness and the 

experimental nature of the makerspaces and Fab Labs are what provides them with the ability 

to build bridges between informal knowledge and more traditional modes of innovation. This 

bridge can be a key to finding new avenues of innovation that is collectively inclusive. The 

above described characteristics are a clear advantage for why Fab Labs could be a significant 

promotor and enabler in creating circular production and creating a circular economy. The 

aim of this research is thus to fill in the gap in the literature by first assessing whether 

circularity is present within the Fab Lab Network and furthermore, whether to which extent 

they are able to influence the traditional linear manufacturing regime.  
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4.Exploring the Theoretical Landscape  

It is within this section that a theoretical foundation of the analysis will be created. This 

research places the FabLab movement within a potential economic transition, namely from a 

linear economy to a circular economy. Theories of economic transition will, therefore, be 

derived from the field of evolutionary economics, which focuses on pathways of economic 

transitions, offering insights into how human innovativeness drives structural economic 

change (Witt, 2016), as to create an underlying theoretical anchoring for this research. 

  

Given the prominence of the underlying technologies of the Fab Lab Network, theories which 

give a central focus to technologies as drivers of economic change will be considered. While 

simultaneously honouring the preliminary interviews conducted, which indicated that the 

people behind the technologies are just as important to understand the potential of the Fab 

Lab Network. Subsequently, bringing attention to social theories is important because the 

technologies utilised by the FabLab movement are not unique to this Network. It is the 

specific social dynamics that surround these specific technologies that makes the Fab Lab 

Network a unique social phenomenon (Blikstein & Krannich, 2013). As to merge the 

technological characteristics with social theory, theories of socio-technical transitions will be 

brought in. 

  

Primarily the focus will be on the Multi-Level Perspective theory as this offers an extensive 

systemic framework, considering everything from innovation niches to socio-technical 

regimes and socio-technical landscapes (Schot & Geels, 2008). Given that the Fab Lab 

Network is a relatively new phenomenon, it would be too presumptuous to assume that the 

Fab Lab Network could currently constitute a regime. Therefore, the focus will be on the role 

of socio-technical innovation niches within the Multi-Level Perspective. This will be further 

specified by drawing in theories pertaining to mainstream and grassroot innovation. 

Preliminary interviews indicated that both innovation types are present, given the diversity 

harboured within the Fab Labs Network. This is an important consideration as this can 

influence to what extent the Fab Lab Network can influence traditional manufacturing 

towards circularity. 
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To structure the above set out theoretical considerations the attention will be first on 

evolutionary economics as to provide a quick theoretical embedding of this research. After 

which this will be specified towards socio-technical system theory, which will, in turn, be 

linked to socio-technical transition theory, namely the Multi-Level Perspective. After this an 

attempt will be made to link these theories to both mainstream and grassroot innovation 

considerations, followed by theories pertaining to niche internal processes. As to pinpoint the 

exact internal dynamics that determine if an innovation niche can bring about change to the 

current traditional manufacturing regime. Subsequently, it is the natural next step to look at 

niche external processes to see what potential pathways are available to portray what actual 

change would look like. It is through the combination of these theoretical considerations that 

it is hoped that the complexity of the Fab Lab Network with regards to circularity can be 

properly assessed. 

  

4.1 Setting the scene: Evolutionary Economics 

This research concerns a dynamic and social phenomenon and its transitional potential, 

namely the Fab Lab Network. As such, this research is rooted within evolutionary economics, 

which sees economics as inherently dynamic and processual. These economic dynamics are 

then assessed in relation to social reality, referring to human agency and its potential 

transformative power. This school of thought considers everything from social relations as an 

item depending on human interactions entirely, to technological objects as a phenomenon of 

material content with social form (Witt, 2016). It is then within this social-economic reality 

that evolutionary economics poses the question: "Why and how knowledge, preferences, 

technology and institutions change in a historical process, and what impact do these changes 

have on the state of the economy at any point in time?" (Witt, 2016, p. 67). These 

considerations are important in the context of this research as it allows for technologies (Witt, 

2016), technological knowledge and complex technological systems (Dosi & Nelson, 1994) to 

become objects of analysis and not to treat them as exogenously given (Witt, 2016). Given 

that the technologies utilised are not unique to this Network, it was decided to use this school 

of thought as the theoretical starting point, allowing for the unique interaction between the 

technological and social configurations of the Fab Lab Network and its transitional potential 

to be assessed. 
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Within evolutionary economics, there are two main theoretical fields pertaining to 

transitions, namely techno-economic transition theory (Perez, 2009) and socio-technical 

transition theory (Weber, 2010). The former emphasises technologies as the driver of 

economic change, while the latter emphasises social dynamics through its interaction with 

technological configurations as the main driver of change. Preliminary research indicated, 

namely the interviews with Tom Salfield and Christina Rebel (Appendix B18 &B14)., that the 

social dynamics are just as important as the technical dynamics of the Fab Lab Network, as 

such this theoretical framework derives its theoretical considerations for socio-technical 

transition theory. 

  

4.2 Defining socio-technical transition theory 

Before specific theoretical considerations, applicable to this research, can be brought 

forward, some basic concepts have to be defined, namely the definition of a socio-technical 

system. After which this will be linked to relevant socio-technical transition theory, namely 

the Multi-Level Perspective, as to make it applicable to the case. In doing so only, scientific 

articles pertaining to socio-technical sustainability transitions will be brought in to strengthen 

the theoretical validity of this framework. This has been a conscious decision as there is no 

specific literature available on socio-technical transition theory towards circularity, whereas 

there is on sustainability (Geels, 2011, Schot & Geels, 2008). As the literature review 

highlights, circularity falls within sustainability, and as such, it is hoped to draw relevant 

lessons from this body of literature to strengthen the validity of this research. 

  

4.2.1 Defining Socio-Technical Systems 

In essence, a socio-technical system is an organisational structure, underlying this concept 

are two sub-systems, namely a technological and a social system. The unique configuration 

of these two sub-systems is what constitutes a socio-technical system. A technological system 

then consists of technological artefacts and the interaction with these objects (Leonardi et 

al., 2012). The notion of technological artefacts is based on the concept of technical artefacts, 

narrowly defined as material objects created by humans to achieve practical ends (Kroes, 
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2012). It is then more contemporary literature that see technical artefacts as technological 

artefacts within the context of socio-technical systems, for example information technologies 

(Leonardi et al., 2012). As technological developments progress, the definition of 

technological artefacts becomes applicable to non-material artefacts such as software and 

data, creating the notion of digital materiality (Leonardi, 2010). 

  

The underlying social system is then how people should and could relate to one another given 

the underlying technological system (Leonardi et al., 2012). A socio-technical system is then 

when these two underlying systems come together by influencing one another to create an 

organisational structure. To describe it more in-depth: social agency, a group's efforts in 

achieving its goals, create technological artefacts that have no inherent intentionality 

independent of enabling human agents achieving their goals (Taylor et al., 2001). It then 

might be the case that a technology has a wider application beyond the intent of a group and 

might enable multiple goals (Leonardi et al., 2012). 

  

Simultaneously it must be noted that technology itself has agency. As described by Philip Brey 

(2006): "technological artefacts are not neutral to society but are capable of significantly 

influencing or transforming the social context in which they are used. Technological artefacts 

may influence behaviours, attitudes, cultural beliefs, and modes of social organisation in ways 

that are often not directly related to their intended functions" (p. 71). This is either done 

through the affordance of technologies: what actions the technology allows for, or 

constraints: what actions technologies hinder (Brey, 2006), which feeds into the earlier notion 

of wider applicability. It is then through how human and material agency interlock, or 

imbricate, that they come to form an integrated organisational structure that is a socio-

technical system (Leonardi, 2011). 

  

The unit of analysis to which socio-technical systems as described above is then applicable 

can range from a small group of individuals and their interactions with technological artefacts. 

All the way up to societal level, where technological systems fulfil important societal 

functions, such as telecommunication, production, the internet and energy supply, all of 

which are based on technological networks, but their establishment was the outcome of 

decisions taken within social networks (Weber, 2010). 



33 
 

  

To make it applicable to the case of the Fab Lab Network multiple questions need to be 

considered. Such as: what is the intent or goal of the Fab Lab Network in utilising and 

developing their underlying technologies and how are they aligned with circularity? 

Furthermore, what are the affordances and constraints of these technologies in shaping social 

context, for example, do these technologies change the attitude towards the feasibility of a 

circularity? Utilising this as a first step in the analysis allows the assessment of the Fab Lab 

Network as a socio-technical system, more importantly, to get an indication of its potential 

for circularity lies with the technological sub-system, the social sub-system or the 

combination of both. 

  

4.2.2 Defining Socio-technical transition theory 

After which this assessment has to be linked to transitional theory, as a socio-technical 

system, once established and consolidated, can be stagnant and does not necessarily have to 

contribute to change. For this, socio-technical systems must be viewed through transition 

theory as this enables the systematic analysis of "processes that lead to a fundamental shift 

in socio-technical systems" (Markard et al., 2012, p. 956). Thus, socio-technical theories urge 

for the simultaneous evolvement of social change and technological innovations to create a 

shift in social-technical systems (Jedelhauser & Binder, 2018). Scholars, such as Borrás and 

Edler (2014), therefore propose analysing socio-technical and innovation systems together, 

as innovation is seen as a source of disruption and thus can create the opportunity for a 

systemic transition. A system is then "new knowledge and technological artefacts, the 

individuals and organisational actors that produce, adopt and diffuse and use knowledge and 

technological artefacts, as well as the various forms of infrastructure (physical, market, 

financial, regulatory etc…) that enable the production, adoption and use of knowledge and 

technological artefacts." (Borrás and Edler, 2014 p.11). 

  

Innovation is thus not limited to new technologies, but also includes the creation of new 

knowledge, new processes, new values and culture as pertaining to a social network. It is then 

within the production, adoption and diffusion of these innovative characteristics that lies the 

start of a transition. The above suggests that passive consolidation around circularity is not 
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enough, as such the Fab Lab Network ought to be assessed as an innovation system and 

whether it is innovating towards circularity? With the above in mind the theoretical 

framework will now look at concrete socio-technical transition theory to assess the potential 

of the Fab Lab Network to contribute to circularity. 

  

4.3 The Multi-Level Perspective towards Socio-Technical Transitions 

Many different theories explore the dynamics of socio-technical systems and their 

transitional potential (Markard et al., 2012, See Appendix A.5). From these, the Multi-Level 

Perspective (MLP) was chosen (Geels, 2011). As was illustrated in the introduction, the reason 

for this is that this theory offers the most systemic overview pertaining to socio-technical 

transitions. Given the diversity and the complexity of the Fab Lab Network and as to not hold 

a predisposition as to how the Fab Lab Network contributes towards circular economy, this 

systemic overview is deemed beneficial for the purpose of the analysis. 

  

The MLP offers a systematic overview by putting forward three main heuristic analytical 

levels, namely: the socio-technical landscape, socio-technical regime and innovation niches 

(Geels & Schot, 2007). Niches, regimes and landscapes, can be seen as levels that closely 

mirror the distinction 

between micro-, meso- and 

macro-level of systemic 

transitions (Lopolito et al., 

2011). In short, niches refer to 

protective spaces in which 

socio-technical novelties can 

reach maturity (Raven & 

Smith, 2012). Regime refers 

to incumbent actors acting 

according to "highly 

institutionalised formal and 

informal rules that have co-

evolved with certain 
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technologies and solidified into practices and routines" (Fuenfschilling & Binz, 2018, p. 735). 

Socio-technical landscapes then refer to the exogenous environment that lies beyond the 

direct influence of either the regime actors or the niches, referring to things such as macro-

economics, environment, deep cultural patterns, and macro-political developments. Change 

at this level is slow and can take decades (Geels & Schot, 2007). Within this perspective, a 

socio-technical transition is then the result of interactions between these three levels, which 

bring about changes to the existing regime. This does not mean that it necessarily results in a 

disruption of a regime; it can also bring about incremental change, as will be explained in the 

external processes section.  

 

 

In short, at a high level, the MLP states that innovation niches build up internal momentum, 

as a result of learning processes, price/ performance improvements, and support from 

powerful groups. Simultaneously, changes at the landscape level result in pressures on the 

existing regime, which can then lead to a destabilisation of the existing regime, potentially 

creating an opportunity for niche-innovations to breakthrough. Recent additions to this 

analytical model are the downwards influence of the regime towards the innovation niches, 

referring to the perceptions incumbent actors hold towards the niche. These are influenced 

by broader regime and landscape developments and influence the strength of support 

networks that the niches can draw on (Geels, 2011).  

  

It is within these dynamics that the Fab Lab Network is placed, to see how they as a potential 

socio-technical phenomenon sit within these dynamics and due to this could potentially bring 

about a regime change. Realising that objectivity needs to be observed while setting out the 

theoretical framework, the MLP will be displayed objectively in its entirety as an analytical 

framework. Simultaneously it is recognised that the Fab Lab Network is a relatively new 

movement and displays characteristics akin to the micro-level of innovation niches. 

Therefore, the focus lies on the role of innovation niches within the MLP. 

4.3.1 Innovation Niches within the Multi-level Perspective 

It is here that the role of innovation niches within the MLP will be explored. In doing so, the 

diversity of the different Fab Labs harboured within the Fab Lab Network has to be 
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recognised. Therefore, innovation niches and their role will be defined in relation to both 

grassroot and mainstream innovation. 

  

An innovation niche can be seen as the micro-level within the MLP (Lopolito et al., 2011). 

Niches serve as a protective space in which new socio-technological configurations can 

develop. These niches are important as to not be exposed to harsh (market) selection criteria, 

but rather create a space within which these configurations can grow and mature and 

potentially turn into disruptive innovations (Geels & Schot, 2007). To this end the aim of an 

innovation niche is firstly learning about the desirability of a new configuration. Secondly, 

stimulating the further development and application possibilities of socio-technological 

configurations (Lopolito et al., 2011). 

  

Niches can both be formed by incumbents of the existing socio-technical regime to stay 

relevant, innovative firms looking to destabilise that regime and innovation niches as 

established by academia (Geels, 2005). Or delinked from any off these established actors, but 

rather carried and developed by a small group of dedicated actors, often outsiders or fringe 

actors (Geels & Schot, 2007), e.g. grassroot innovation niches (Smith et al., 2015). This final 

notion of grassroot innovation niches might prove important for the phenomenon of Fab 

Labs. Albeit originating from academia (MIT), preliminary interviews (Tom Salfield & Christina 

Rebel - Appendix B18 & B15) also suggest the presence of grassroot innovation within the Fab 

Lab Network. Therefore, this needs to be considered, together with what has been described 

as mainstream innovation, to allow for the assessment of this in the analysis.  

4.3.2 Grassroot and Mainstream Innovation Niches 

Grassroot innovation is driven by individuals or social groups who often have no direct 

connection with formal institutions (research, education or industry), as opposed to 

mainstream innovation. It rather originates from the skills, knowledge and experiences of 

communities and individuals. It is often after innovative technologies are broadly accepted 

that grassroot innovations occur in niches to make sustainability adjustments to these 

technologies (Seyfang & Haxeltine, 2012). Grassroot innovation as such can be defined as 

socially driven experiments with innovative technologies, in combination with the creation of 

new values and institutions, often solve local issues (Seyfang & Haxeltine, 2009). 
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The actors driving grassroot innovation is not the only difference with mainstream innovation. 

The main concern of mainstream innovation is often improving technological efficiency or 

commercialising technologies and scientific findings, as such it can also be classified as 

market-based innovation (Hatzl et al., 2016). Whereas grassroot innovation can often be 

characterised as bottom-up innovation determined by local contexts and community needs. 

As such these innovations do not always have the aspiration to grow and to scale, a 

characteristic of mainstream innovation (Seyfang et al., 2013). To this end, Seyfang and 

Longhurst (2016) provide a concrete overview of the unique characteristics of grassroot 

innovation, namely that it is driven based on social need and ideological beliefs instead of 

profit-seeking or rent-seeking. Grassroot innovation niches are therefore protected based on 

established values and culture that drive people to participate, as such it is rather dependent 

on volunteers putting in labour and grants, as there is often no financial reward for 

participation, as with mainstream innovation niches (Seyfang & Longhurst, 2016). However, 

mainstream innovation and grassroot innovation can complement each other as well. As 

earlier mentioned grassroot innovation can occur by building on 'locked-in' technological 

innovations, but in reverse large mainstream, firms can source grassroot innovations but then 

often make organisational and technical design changes (Seyfang, 2011). 

  

The type of innovation at hand can influence the pathways available within socio-technical 

transition theory and as such the possibility of contributing towards a sustainability transition. 

Grassroot innovation is often locally embedded, delivering small scale sustainability solutions 

serving local needs. Sustainability is then characterised by 're-localisation', decreasing the 

dependency on extensive global transport and markets. As such it is not a goal to influence 

these, but rather strengthening local economies and being pro-active in furthering innovation 

capacity to this end, not expecting the formal business sector to take this role upon them 

(Feola, 2014). This is in line with the notion that grassroot innovation is often classified as a 

fringe activity, conducted by fridge actors, such as hobbyist and citizen innovators. Whereas 

mainstream innovation or institutional innovation is not this isolated (Ornetzeder & 

Rohracher, 2013). 
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The above distinctions between grassroot and mainstream innovation bring with its 

important considerations. Such as, can the Fab Lab Network then either be characterised by 

grassroot or mainstream innovation? Does this influence what kind of circular contribution 

the Network can bring forth? E.g. stimulating localised circular economies or circular 

principles with bigger applications?  Do they actively steer away from the regime following 

grassroot logic, or seek to influence it? If both types of innovation niches are present within 

the Network, is this complementary or counterproductive for enabling circularity? These are 

questions that need to be assessed in the analysis, but before that can be done the internal 

and external dynamics of innovation niches need to be considered. 

  

4.3.3 Internal dynamics of Innovation Niches 

Given the complexity of the case, it has to be noted that the distinction between 'internal' 

and 'external' dynamics is for analytical purposes. To allow closer inspection into the diversity 

that is harnessed by the Fab Lab Network and isolate those dynamics that might shed some 

light on how the Fab Lab Network is contributing to circularity. While doing so, there is the 

realisation that in reality, this distinction might not be so clear-cut, as some internal processes 

enable or restrict important external processes and vice versa. 

  

As was mentioned earlier, innovation niches serve as a protective space to incubate initially 

unstable socio-technical configurations as to build internal momentum, build a solid case so 

to say. For this protection and momentum building learning is seen as central to this. Learning 

to further technological development, but also learning along non-technical dimensions 

(besides the aforementioned values and culture) such as regulatory, production systems and 

infrastructure, as to make sure that the novelties developed in the niche are fitting to existing 

regulations, infrastructure and production systems (Geels & Schot, 2007). This is crucial for 

the diffusion into a wider setting outside the nice, that is seen as central to socio-technical 

transition theories. 

  

In support of this learning, a niche can draw on its wider ecosystem, through networking 

activities, to derive insights that then be internalised into the development process. As such 

it is important to create social networks including different linkages in the value chain and 
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user-producer relationships (Markard et al., 2012). Whereas for grassroot innovations it is 

important to draw in the needs to the local communities that they are trying to serve (Seyfang 

et al., 2013). In other words, for reaching the maturity that is set out as a goal for innovation 

niches it is important to create a network in support of its development, to acquire resources 

such as knowledge. 

  

Furthermore, networking is also crucial to draw in funding for development, specifically for 

grassroot innovations. Whereas mainstream innovation either has a budget allocated to its 

development and learning efforts by their host organisation or by being closer to incumbent 

logic have more funding opportunities through traditional financial institutions. Grassroot 

innovation, in contrast, depends on low-key finances. Referring to private sponsorship, sale 

of goods, sponsorships, grants, fundraisers, donations (Feola & Nunes, 2014) As traditional 

(financial) institutions following incumbent logic often 'select' against novelties derived from 

such niches (Geels, 2004). As a result, networks of less powerful actors generate the resource 

base. Consequently, these are less suitable to influence the exciting regime as they draw in 

less attention of policy actors (Bergman et al., 2010), this is an illustration as to how internal 

processes are important to facilitate successful external processes. 

  

Due to these challenges associated with drawing in resources for gaining internal momentum 

they are subsequently hindered in using resources for protection. As such these niches 

heavier rely on values, culture and intrinsic motivation as highlighted earlier. To this end the 

process of creating a narrative or vision to drive participation is crucial, especially given the 

above, but not limited to grassroot innovation niches. Creating a narrative is important for 

multiple reasons: 1) as a sensemaking exercise for the people directly involved, 2) to serve as 

a communication base, 3) to then facilitate continuous learning and change, 4) as to instill 

identity and identification. As Feola (2014) puts it: "narratives help to shape a common 

understanding of the world and of the organisation itself; function as frameworks for the 

construction of reality, in which sequence, meaning and structure are socially reaffirmed: 

make members experience meaningful and communicable; support, justify and provide a 

measure of change; help to establish and maintain collective identity, and collective action" 

(Feola, 2014, p. 6). It is thus a process to legitimise the actions and goals and as to articulate 

a worldview. As opposed to the earlier mentioned resource network, these networks are not 
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motivated access to material or financial resources but by the creation of new values. This 

strong belief then serves as protection as the participation of those committed won't easily 

be discouraged, and as such can help further the development of the socio-technical 

configuration held within the niche. 

4.3.4 Internal Dynamics of Global Innovation Niches 

To sum up the internal processes of innovation niches, might it be grassroot or mainstream, 

are concerned with learning, networking and visioning. The processes are often bundled 

under the terms Strategic Niche 

Management. The main purpose of this 

theory is to understand the internal processes 

of niches that harness sustainability 

innovations to bring about sustainability 

transition (Schot & Geels, 2008). To this end 

it is analytically relevant to aggregate from 

an individual niche to the internal level of a 

global niche, to derive potential transition pathways from within these phenomena. This is 

because niche development can be seen as advancing at two levels concurrently, namely at 

the level of the individual niche as described above and the level of a global niche. As local 

niches add up an emerging field or global niche might gradually emerge. This process of 

aggregation starts with one or some local projects, from which initial learnings diffuse. Other 

local projects or niches then serve as, test to further these new ideas. Then when learnings 

are compared and aggregated between a larger group of local projects, a global niche might 

appear, which is more articulated and balanced. The process overall then allows for phasing 

out protection as there is a move away from the unstable local rules and networks towards a 

consolidation a more stable set of shared rules (Geels & Raven, 2006).  

 

It is then this notion of dominant design that is then the base of knowledge and practice 

diffusion that can influence existing regimes to an extend that a single innovation niche 

cannot. This pathway is applicable to grassroot innovation niches as well, within the literature 

it is then labelled as replication (Seyfang, 2010). It is through a network of dedicated activists' 

that niches can be replicated or spread at the same scale (Seyfang & Haxeltine, 2012). For this 

Figure 2. local niches constituting a global niche 
(Adaptation from Geels & Raven, 2006, p. 378) 
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to happen multiple elements are needed, firstly, once knowledge and practices are 

consolidated into stable socio-technical configuration, there needs to be proper 

documentation as to provide a blueprint for replication, to make the skills and learning widely 

available. It is often due to a lack thereof that innovations are short-lived and that there is no 

diffusion (Seyfang & Smith, 2007). 

  

Secondly, individuals need to take the lead from within those dedicated group of actors to 

facilitate this process. It is noted that leadership by intermediaries is important for facilitating 

this process, namely for institutionalisation efforts of the global niche, starting new projects, 

providing the right tools, setting and maintaining standards, sharing information between 

different niches, tracking progress (Maier et al., 2016). In doing so a challenge for grassroot 

innovations specifically needs to be kept in mind, namely that local specificity of applications 

might hinder generalising knowledge and practices, a potential barrier to replication (Schot & 

Geels, 2008).  Intermediaries are not only relevant for the internal process of building a global 

niche, but also have a contribution to be made to the niche external processes, they are the 

champions that conduct networking in support of policy changes and influencing other 

external stakeholders, through which regime change can potentially be brought about (Maier 

et al., 2016).  

  

To conclude for the purpose of the analysis it is critical to assess the Fab Lab Network both as 

harboring individual niches as well as potentially constitution a global niche. It is then the 

question how they use learning, visioning and networking in support of developing their 

unique socio-technical configuration. Both at the level of the individual niche, but more 

importantly to what extend consolidation can be witnessed at the level of the global niche, 

since the theory dictates that this is crucial if regime change is to be brought about. This would 

then start with the process of replication, headed by dedicated intermediaries working 

towards a specific goal. 

  

4.4 Niche external processes as pathways 

After having done a deep dive into the internal dynamics to clarify the prerequisites of change 

attention will now be shifted to the possible external processes, specifically how niches 
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interact with regimes to bring about change. The literature regarding these processes is 

extensive, some labelling them interactions (Raven, 2006) while others compile them into 

pathways (Geels, 2011), while others highlight them as diffusion processes (Seyfang & 

Haxeltine, 2012), for simplicities sake henceforth this will be referred to as pathways. 

  

First off, if a pathway ought to be successful there needs to be a window of opportunity, for 

niches to grow into a breakthrough. This is dependent on both the niche stability (resulting 

from the processes set out 

above) and the regime 

stability. A brief overview of 

this is provided in the work of 

Raven (2006), based on these 

two variables he offers a matrix 

that allows for the assessment 

of the potential, to sum it up: 

high regime stability, but low 

niche stability, opportunities 

highly unlikely. Both low niche and low regime stability signals a chance to grow or 

breakthrough, but niches do not have the necessary maturity, hence missed opportunities. 

High niche success, but regimes not receptive, resulting in promising technologies that will 

directly have to compete with the regime. High niche stability, but weak regime, means that 

regimes are searching for solutions, providing an opportunity for niches (Raven, 2006), this 

theory builds on the opportunity as set out earlier within the MLP theory (Geels, 2011). 

 
 

If the data shows that there is an opportunity it opens up the possibility to assess potential 

pathways. From the work of Gill Seyfang and Alex Haxeltine the replication pathway has 

already been mentioned, classified under internal as it enables the development of a global 

niche. However, their work offers two more pathways, namely grow into scale and niche to 

regime translation, which goes beyond the global niche. Similarly, to replication these 

pathways allow for an aggregate effect of many small initiatives, referring to socio-technical 

configurations held within a niche (Seyfang & Haxeltine, 2012). The first pertains to the scaling 
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up of initiatives, to illustrate this with an example "The route for niche sustainable housing 

practices to influence the wider housing regime is through scaling up the existing small scale, 

one-off housing projects to industrial mass-production. This brings economies of scale to 

housebuilders, through standardisation of plans, materials and techniques, resulting in a 

profitable construction business" (Seyfang 2010, p. 7361). 

  

Through scaling an initiative, they leave the protective space that is the niche and compete 

with the regime on the marketplace. For this commercialisation is important, as a way to 

expand beyond the committed core of actors but make it applicable to a broader group of 

individuals. If this does not happen there is no knowledge diffusion to have a wider impact 

beyond the associated dedicated actors (Boyer, 2014). This dynamic is illustrated by Micheal 

Ornetzeder (2001); the case of thermal solar heating, initially a grassroot innovation limited 

to fringe actors, but due to a systemic shock, namely the oil crisis of the 70's (regime 

instability), created an opportunity to scale it up for a large number of individual consumers 

to use (Ornetzeder, 2001). This revokes the question, might the socio-technical configuration 

from within the Fab Lab Network be commercialised in such a manner as well? 

  

The third pathway to be defined is the translation of practices from niche to regime, this refers 

to the higher institutional levels taking over the practices and related problem frames of 

innovation niches (Boyer, 2014). To this end, niches might have to step away from their vision 

or narrative as to connect with regime actors. When a niche is too similar to regime logic, it 

will not inspire translation. In contrast a radical niche might demand too many fundamental 

changes, and as such regime actors would not see it as a viable option. It is therefore 

important that niches find a middle ground to overcome contrasting socio-technical 

dimensions (Smith, 2007). 

  

In his work Adrian Smith defines seven dimensions along which a translation of a socio-

technical configuration to happen, success of influencing the regime and bring about change 

then depends on how many and to what extend these dimensions are bridged. The seven 

dimensions are: guiding principles, technologies, industrial structure, user relations & 

markets, policy & regulations, knowledge and culture (Smith, 2007). To expand on some of 

these, industrial structures in the case of this thesis then might relate to mass-production for 
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the incumbent regime, versus distributed production for the innovation niche. Technologies 

might relate to additive manufacturing, versus injection moulding, user relations and markets 

might be mass markets with passive consumers, versus local markets with engaged 

prosumers. It is in aligning these dimensions that intermediary, as mentioned before, play an 

external role.                                                                                       

  

When linking these pathways back to mainstream MLP literature two sets of overarching 

transformation theories can be noted. Namely regime centric pathways, being Endogenous 

renewal and Reorientation of trajectories. The former assumes that regime actors coordinate 

a conscious and planned change as a result of pressures perceived. The latter is shock-

induced, a shock either inside or outside the regime. In both scenario's regimes use their own 

internal resources to make regime changes. The other set of pathways pertains to non-regime 

actors, in line with the three pathways set out above. Firstly, emergent transformation, such 

transformation is the result from uncoordinated pressures, often driven by small and new 

initiatives outside the regime. Second, purposive transformation, similarly to emergent 

transformation regime pressure is brought about by regime external entities but are 

coordinated in response to a specific set of societal expectations and interests (Geels & Schot, 

2007). 

  

As the Fab Lab Network is most likely not an incumbent regime, assessing the data based on 

the second set of transformation theories can give insights into the overall transformative 

potential of the Fab Lab Network. As emergent transformation lacks a clear articulation and 

coherent strategy, hindering the formulation of specific endpoints of the transformation, as 

such hindering progression. Therefore, change can only be expected to happen incrementally, 

as the divergence creates uncertainty regarding how to steer the transformation. The main 

governance challenge then is strategising greater coherence, as a coherent effort is deemed 

most effective to garner regime-wide responses (Smith et al., 2005). Whereas purposive 

transformation is characterised by this purpose and strong governance efforts, resulting in a 

more coherent effort to influence a regime, and more likely to succeed at this as opposed to 

an emergent transformation. 
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What can thus be concluded from this is that first, an assessment must be to what extent 

there is an opportunity for the Fab Lab movement to breakthrough. Depending on the 

stability of the Fab Lab Network as a niche and the stability of the traditional manufacturing 

regime there are then three pathways of influence to consider, as viewed from the 

perspective of the niche. Based on this an assessment can be made regarding the likelihood 

that change to the regime will occur. 

  

4.5 Concluding remarks: theoretical considerations 

Taking everything above as input to structure the analysis the case has to be made for four 

distinct sections, as to answer the research question: To what extent can the Fab Lab Network 

influence traditional manufacturing towards circularity? Firstly, the Fab Lab Network has to 

be assessed as a social-technical phenomenon as to decipher the balance between the 

technological and social sub-systems. This then has to be linked to an assessment of the Fab 

Lab Network as an innovation system to assess what they can contribute in a transition 

towards circularity. After which the niche internal processes will be analysed in order to 

assess to what extent the Fab Lab Network meets the internal prerequisites for change. After 

which the external processes will be analysed to determine what pathways are available to 

facilitate a change towards circularity in the traditional manufacturing regime. 
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5. Methodology  

The following section presents the methodological choices made, which shaped the process 

of collecting and analysing data. The limitations concerned with the methodological choices 

made will be discussed in the Limitations section later in the paper.  

5.1 Research purpose  

The purpose of the study is driven by the aim to contribute to the increase in the theoretical 

field and the expanding concept of circularity by applying this to our unit of analysis, namely, 

the global Fab Lab Network. The Network's association with circularity, in the form of the 

current activities, their perceived potential of circularity and how this relates to their wider 

ecosystem and their possibilities to impact these is the focus of this research.  

 

The purpose of the research is to answer the research question 'To what extent can the Fab 

Lab Network influence traditional manufacturing towards circularity?'. The framing of this 

question constitutes that it is not only of interest to understand whether the Fab Lab Network 

is engaging in circularity but also whether the Network currently the necessary potential has 

to influence the current traditional manufacturing regime in the direction of circularity. This 

research can, therefore, inherently be categorised as context-specific and is, thus, not 

designed with the purpose of being able to create generalisations beyond the Fab Lab 

Network. 

5.2 Research Philosophy  

This study analyses the potential of the Fab Lab Network to influence the traditional 

manufacturing regime in the direction of circularity. This research may indicate an active 

approach towards circularity within the Network, allowing them to influence the current 

regime. It can thus, be argued that it draws on the critical realist research philosophy 

developed by Roy Bhaskar (Saunders, 2013). A critical realist approach to research states that 

"Critical realist research, therefore, focuses on providing an explanation for observable 

organisational events by looking for the underlying causes and mechanisms through which 

deep social structures shape everyday organisational life." (Reed, 2005 in Saunders, 2009 

p.140). When researching a niche innovation, it is crucial to understand the greater social 

structures which influence it. 
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From an ontological perspective, the critical realist perspective identifies individuals and their 

actions as part of a collective which is influenced by the structures and mechanisms of society. 

Thus, research done from a critical perspective approach aims to uncover the structures 

which influence and shape the individual's actions (Egholm, 2014). As previously argued the 

current manufacturing regime stands in high contrast to a circular economy, it is thus crucial 

to understand the structures and mechanism supporting or hindering the development of a 

circular economy from the perspective of the niche innovation, namely the Fab Lab Network.  

5.3 Research Design 

To increase the validity of the findings of this research, triangulation was implemented where 

possible. According to Miles et al. (2013) triangulation can be achieved through various 

strategies; "…by data source (which can include persons, times, places, etc.) by method 

(observation, interview document), by researcher (Investigator A, B, etc.)" (Miles et al., 2013, 

p.299). This research utilised triangulation by data source by having a broad sample of 

interviewees from within the Fab Lab Network. Interviewees were part of Fab Foundation, 

Fab Academy, Fab City, managers of their own lab, and academics engaging with the 

community as well as externals engaging with the Network. Additionally, a reasonably even 

geographical spread allows the research to obtain insight into the Network as a global 

network. Furthermore, triangulation of methods was achieved through the use of interviews, 

the quantitative MAKE.IT data and finally, the initial research of archival data related to the 

Fab Lab Network.  

5.4 Quantitative Methods  

This research makes use of secondary data in the form of quantitative data. The data was 

collected via a questionnaire distributed by the MAKE-IT project. Their purpose was to 

understand the role of 'Collective Awareness Platforms (CAPS), which in the case of the Fab 

Lab Network is the fablab.io platform (make-it.io) and how it could be improved.  As part of 

this project, the raw data was made available to everyone on the make-it.io website.  

 

The MAKE-IT data firstly served as an explorative exercise, providing insights into the users of 

the Fab Labs, with the primary focus on the level of involvement and the intent with being 
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involved in a Fab Lab. Secondly, the data served as part of the triangulation by data, allowing 

the researchers to draw parallels to themes and patterns identified in the primary qualitative 

data collected for this research (Appendix C).  

 

An extensive report was developed by Devoldere et al. (2017), depicting the results of the 

research. However, as the research focused primarily on the Fablab.io platform, it was found 

beneficial to work with the raw data in order to discover potential patterns within the data. 

Due to the focus of the research it must be noted that only a limited part of the questionnaire, 

was deemed relevant for this research.  

 

The questionnaire consisted of 24 questions divided into the themes; 'You', 'You and making', 

'You and Fablabs.io', 'Makers, Fablabs.io and digital platforms' and 'Conclusions'. From the 

raw data it is evident that there are 698 responses to the questionnaire. It was not possible 

to locate the final response rate of the survey, as it was not evident how many people the 

questionnaire was distributed to.  

 

The raw data was inserted into excel and cleaned accordingly, ensuring blank respondents 

were removed from the dataset. Secondly, a conversion table was developed, creating a 

better overview and preparing the data for the use of pivots. Thirdly, an overview sheet was 

developed, allowing the researchers to dive into the characteristics of the respondents such 

as; geographical origins, age, sex and level of education. Finally, a pivot table was developed 

for each of the questions providing the researchers with an easy overview of the distribution 

of answers.  

5.5 Qualitative Methods  

Due to the complexity associated with this research, a qualitative research approach was 

evaluated to be the most beneficial approach. The use of in-depth interviews allowed for the 

gathering of intrinsic knowledge in regard to the internal and external dynamics constituting 

the Fab Lab Network, as well as their approach to circularity. To this, Maxwell (2013) argues 

that qualitative research is best utilised when elements of reality cannot be quantified with a 

purpose of understanding and explaining dynamics of social relations. Furthermore, 

qualitative research focuses on …meaning, motives, aspirations, beliefs, values and attitudes 
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which corresponds to a deeper space of relationships, processes and phenomena that cannot 

be reduced to operationalisation variables (Maxwell, 2013).  

5.5.1 Selection of the Sample Group  

For the purpose of this research, a large sample group was decided. It was understood that a 

wide variety of interviewees was needed in order to fully understand the complexity and 

diversity within the Fab Lab Network.  

 

Preliminary interviews were held with Christina Rebel and Tom Salfield (Appendix B15 & B18), 

both employees at Wikifactory, where Tim van den Bergh used to work. Christina and Tom 

have both been engaged with the Network and hold external knowledge. Additionally, 

Christina was able to provide insights into what themes and initiatives are currently present 

within circularity. Tom has a background in software and hardware and was able to shed light 

on the technological capabilities associated with the Fab Lab Network. At the end of the two 

preliminary interviews, the interviewees were asked who they believed we should interview 

and provided a list of names.  

 

In total 21 interviews were conducted. Appendix A.4 provides a detailed description of each 

of the interviewees and how they engage with the Fab Lab Network, as well as where they 

are situated geographically. Figure 4. depicts the geographical placement of the interviewees 

as well as the geographical areas which where connected to an interviewee through regional 

networks or other activities.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Visualization of interview sample (source: own creation) 
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Due to the complexity of the Network and being limited by time as to how many interviews 

it was realistic to conduct, only interviewees who can be categorised to be in the 'managerial 

tier' of the Fab Lab Network were contacted. The 'managerial tier' was characterised by 

people who were highly engaged in the Network and were either part of one of the official 

entities within the Network, such as, Fab Foundation, Fab Academy or Fab City or individuals 

who managed their own Fab Lab. Additionally, three interviews were conducted with 

individuals within academia, who had previously researched and engaged with the Fab Lab 

Network. This allowed us to gain intrinsic knowledge of the Network, as well as discuss our 

theoretical standpoint. It must be noted that none of the academics had previously studied 

circularity within the Fab Lab Network.  

 

The snowballing sampling strategy (Noy, 2018) was utilised as interviewees recommended 

other potential interviewees to us. This was beneficial to the research as it provided us with 

access to interviewees and guided us towards members of the Network who were highly 

involved, providing the experience needed to provide insights to the research.  

 

5.6 Data Collection  

The primary empirical data utilised for this analysis was gathered with the use of in-depth 

virtual interviews.  The following chapter will explain the necessary steps taken to perform 

the interviews, the interview guideline and the interviewing process.    

5.6.1 Interview Guide 

The use of an interview guide was utilised to ensure consistency and relevance of the 

individual interviews (Azungah, 2018). Additionally, to ensure the freedom to explore topics 

arising within the interview and to utilise the unique knowledge of each individual 

interviewee, a semi-structured approach was applied to the development of the interview 

guide. This allowed the interviewer to ask follow-up questions, make use of probing and 

establish a connection between several topics (Almelda, 2017), allowing for an increase in 

quality of data (Kvale & Brinkmann, 2009).  Two interview guides were developed, a 
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preliminary (Appendix A.2), and a final interview guide utilised for the remaining of the 

interviews (Appendix A.3).  

 

A preliminary interview guide was developed for the purpose of the two investigative 

interviews conducted with Christina Rebel (Appendix B14) and Tom Salfield (Appendix B18). 

The purpose of the interviews was to test topics of interest to the researcher and how they 

related to the Fab Lab Network. Once these two interviews had been conducted, the 

interview guide was revised, resulting in the final guide.   

 

The interview guide was divided into four sections; introduction, warm-up questions, main 

body of interview and cool-off question. The introduction introduced the researcher and the 

research to the interviewee. The warm-up question asked for factual information concerning 

the interviewee such as name and association with the Fab Lab Network. The main body of 

the interview guide was further divided into the following sections; purpose, circular 

economy, potential circular pathways and external influences. Each of the sections contained 

a sentence capturing the purpose of the section; this was incorporated to allow the 

interviewer to speak more freely while stile capturing the purpose of the section. Below 

specific questions were listed to help guide the interviewer if needed. Finally, the cool-off 

questions served the purpose of ensuring the interviewee had said all they wanted to say and 

finally informing the interviewee that the research would be shared once finalized.  

 

It must be noted that with interviewee's rooted in academia, interviewers angled several 

questions in regard to theory in order to deduct as much relevant knowledge from the 

interviewees. This was another benefit of the semi-structured interview guide allowing to 

approach the same themes but let the interviewee steer the interview.  

5.6.2 Conducting Interviews 

After the scope and interviewee sample was decided, the initial process of the data collection 

process was to contact relevant interviewees. A handful of interviewees had been 

recommended to us from the preliminary interviews, and these were contacted via email.  

For each interview, approximately an hour was allocated varying on the availability of the 

interviewee. This was done as a reflection of the complexity of the issue, where both the 
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dynamics of the Fab Lab Network itself, as well as the theme of circularity was to be unfolded. 

The semi-structured approach allowed us to emphasise various themes depending on the 

interviewee's background allowing the interviewer to gain the most relevant input from each 

interviewee.  

 

Due to the geographical distance between us and all interviewees, all interviews were 

conducted via Skype. Except for the preliminary interviews, which were conducted face-to-

face in the interviewees' office. As recommended by Brinkmann and Tanggaard (2010), an 

initial conversation was held between the interviewer and interviewee and the approval to 

record was granted and whether they would like to be anonymous in the paper. This was 

done in order to ensure the interviewee felt safe to express potential critical thoughts relating 

to the topic.  

 

Furthermore, proceeding the interviews, the interviewer wrote down initial thoughts and key 

take-aways; this allowed for knowledge-sharing between the researchers and served as a 

learning process in preparation for the next interviews. Once the data collection process had 

been conducted a total of approximately 22 hours of interviews had been recorded with the 

two preliminary interviews, various members within the Fab Lab Network and academics 

engaged within the Network. Interviews lasted between 45 minutes to 1 hour and 40 minutes.  

All transcripts can be found in Appendix B (In a separately uploaded document).  

5.7 Data Processing  

The following section describes the steps taken to organise and process the interview 

recordings, which build the foundation for the analysis of this research. This process of 

developing a structure which allows for the data to be analysed is often described as an 

iterative process (Rowley, 2012). The steps associated with the processing of the data can be 

described as follows; first recordings were organised into a text format; secondly, two rounds 

of coding were applied to the data. Finally, the data process allowed for the development of 

a coding scheme, which created an overview and was further broken down in the findings 

section of this research.  
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5.7.1 Organising of data 

The 21 interviews were transcribed following several of the suggestions posed by Rowley 

(2012) for this exact process. An 'intelligent verbatim' transcription style was applied, where 

distractions are removed (Lofland et al., 2006). 

  

The website Otter.ai was utilised to ease the burden of transcribing for the researchers. 

Utilising artificial intelligence audio files were transformed into text files. In order to secure 

validity, all transcriptions were double checked and edited for any mistakes made by the 

software.   

 

After reviewing the preliminary interviews conducted with Christina Rebel and Tom Salfield it 

was justified by the researchers that they brought valid information concerning the Fab Lab 

Network that was not presented by other interviewees. Additionally, neither Christina nor 

Tom are users of the Fab Lab Network and therefore provided external insights as well as 

indications of the regime's perspective of the Network.  

 

Once the transcriptions were finalised, they were uploaded to the software program Nvivo. 

The program was utilised for the facilitation of coding and the structuring of the raw data. 

Nvivo was primarily used to organise the texts in a manner that allowed for the coding, to 

search for keywords allowing connection between codes to be made.  

5.7.2 Coding of data 

Following the process prescribed by Miles et al. (2013), the coding process was divided into 

two cycles. The first cycle served the purpose of getting acquainted with the data and 

discovering patterns within the data. The codes developed in the first cycle are those which 

were utilised in the second cycle of coding. The final codebook utilised for the coding process 

can be seen in Figure 5.  

 

The first cycle coding followed Miles et al.'s (2013) descriptive coding approach, where 

descriptive codes in the form of topics are assigned to a single word or short section of the 

interview. The first coding cycle was approached in an inductive manner, where no prior 

structure was developed, allowing the data to speak for itself (Azungah, 2018). To increase 
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validity and decrease researcher bias, researchers reviewed interviews, which they had not 

conducted. This was done to provide a more objective approach to each of the transcriptions 

(Mile, et al., 2013). 

 

The first cycle of coding was conducted over several iterations allowing us to capture, 

overarching themes, categories and key observations within the data. After assessing all 

transcriptions, all themes and categories were gathered, resulting in the overarching themes 

of 'Circularity', 'External', 'Internal' and 'The future of the Fab Lab Network'.  

 

The themes of internal and external dynamics can be argued to be heavily influenced by the 

themes present in the theories of this research. However, it was deemed that the themes 

were broad enough to not influence the data. Additionally, a theme referred to as 'Other' was 

added to the codebook. This theme served the purpose allowing for interesting themes to 

appear that could not be placed within the four aforementioned themes.  

 

The second cycle of coding built upon the overview developed in the first cycle but dove 

deeper into the data and allowed for the emergence of sub-themes to occur. This cycle is 

characterised by Miles et al. (2013) as pattern coding. Pattern coding groups codes into 

smaller themes and categories, allowing for patterns to emerge. The outcome of the second 

cycle of coding can be found in figure 5 below, which provides a description for each of the 

overarching themes as well as the sub-themes.  
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Figure 5. Interview codes. Source: own creation 

Once the coding process was done and the above coding scheme had been filled in, the codes 

within each of the of categories were further studied to find commonalities between the 

interviewees’ quotes. This exercise resulted in the four final themes; ‘Circularity’, Internal, 

‘External’ and ‘Impact’ and ‘Future Scenario’. To provide an overview of this the following 

findings section will in detail present the findings of the data according to the four themes.  

THEMES CATEGORIES DESCRIPTION

Finanaces 
Codes about;  the financial situation, business models and 

funding opportunities 

Governance & 

Leadership

Codes about; elements which make up a governance 

structure,  presence of leadership, indications of 

institutionalism, centralizaton vs. decentralization 

Learning 
Codes about;  the financial situation, business models and 

funding opportunities 

Technology & 

Innovation

Codes about, the specific technologies found in the Fab Labs. 

Is there a push for new innovations? 

Vision, Purpose & 

Intent 

Codes about, interviewee's description of what they believe to 

be the core purpose and intent of the Fab Lab. What is that 

makes the Network unique? 

Academia 
Codes about, interactions noted with the world of academia. A 

special focus was paid to universities 

Impact of scalability
Codes about, who and how can the Fab Lab Network create an 

impact on their ecosystem?

Linkage to external 

actors 

Codes about, uidentified interactions with external actors, 

which cannot clearly be placed within either public, private or 

academia. 

Private 

Codes about, interactions with the private sector. A special 

focus was paid to companies corporating or buying services 

from the Fab Labs

Public 
Codes about,  interactions with public instituions , for example 

in the form of  municipalities and local governments 

The future of the 

Fab Lab Network

Codes about, the interviewees believe the future of the Fab 

Lab Network looks like. Will it further it evovle and if yes, in 

what direction? 

Other 
This could was developed to allow for themes to appear that 

did not naturally fit with any of the above  mentioned. 

Internal

External
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6. Findings 

It is within this section that the findings will be presented prior to applying the theory to them, 

in order to conduct the analysis. This has been a conscious decision due to the scope and scale 

of the case. As the interviews progressed the complexity of the findings increased, therefore 

it has been decided to make an attempt to present the findings objectively in this section. 

Firstly, to make sure that no findings are overlooked, increasing the validity of this research. 

Secondly, as to structure this research for the benefit or the reader, to further aid this, all 

findings have been captured in visualisations. 

  

In doing so, the findings pertaining to circularity will be presented first, after all, this is the 

focus of this research. After which the second and third section will present the internal and 

external findings, mirroring the analytical distinction made in the theoretical framework. 

Finally, the findings relating to impact and future scenarios of the Fab Lab Network will be 

presented. It is felt that by structuring it in this manner it reflects the analytical distinctions 

set out in the conclusion of the previous section. 
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6.1 Findings - Circularity 

The following section presents the findings concerning how the interviewees understand and 

experience circularity within the Fab Lab Network and their activities in support of this. 

 

  

Figure 6. Findings – Circularity. Source: own creation 

 

6.1.1 Understanding of Circularity 

Firstly, touching upon the overall understanding of circularity among the interviewees, it is 

evident that a majority of the interviewees state that distributed production, ways to enable 

local manufacturing and creating local supply and value chains to serve local communities as 

their definition circularity. Yet, some interviewees see the topic of circularity as premature, 

meaning that circular processes relating directly to the Network need to be further explored 

and as such will not become an integral topic for the Network for some time to come. This 

was highlighted by multiple examples that insights in their own circular impact were lacking 

(Appendix B15 & B3).   
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The majority of the interviewees emphasise that circularity is currently not a commonly 

accepted objective of the Network, however it was noted that there is an opportunity here 

to integrate circularity within the overall goal of the Network. On this note Sherry Lassiter 

mentioned the Network seems to naturally attract people that want to contribute to 

sustainability and overall want to do good, due to their intrinsic values and passions. 

However, most people are concerned with their own direct needs, whereas only a small group 

with a directive role sees the potential to pursue circularity as a strategic direction of the 

Network (Appendix B1).  

  

It must be noted that overall the interviewees speak more in terms of sustainability and lack 

a specific awareness of the possibilities within circularity. To illustrate this, sustainability was 

a main topic at the recent global Fab Conferences and sustainability has been added as a core 

principle of the Fab Academy. More specifically an initiative was noted for Fab Labs to create 

an SDG profile, to create an overall understanding of how widespread sustainability efforts 

are in the Network, creating an opportunity to collaborate based on specific SDG (Appendix 

B21).  

  

Many interviewees voice that they see themselves as part of a circular solution, but that they 

alone are not the solution. To this end it is important to engage a wider ecosystem of 

government entities, private sector and other complementary movements, such as the 

biohacking space. Even though this sentiment for a holistic approach is prevalent, no 

respondent mentioned circularity as a natural way for the Network to gain a wider audience, 

thus signalling a gap between understanding and action.  

6.1.2 Materiality 

Interviewees note a potential to use the Fab Lab technology to innovate and advance new 

materials, feeding into the idea of local organic materials and their applications. It is then the 

technology that due to its characteristics, enables the above. However, it was noted that it is 

the people and their values that need to agree on facilitating these new developments. To 

this end local materials, such as clay, shells, wood, local weeds and other local organic matter, 

are seen as an integral part of circularity. However, as the current technology is geared 
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towards the use of plastic and plywood or a mix of different materials, it was noted that there 

are opportunities to strengthen recycling efforts and circular design principles in handling 

these materials. Numerous initiatives were noted to create loops using local waste streams 

of plastic to create, for example, 3D filaments. An initiative that was highlighted by six of the 

interviewees was the Precious Plastic initiative, both referencing it as a good example of 

circularity, as well as being inspired to innovate with the usage of plastic (Appendix B1, B2, 

B3, B10, B18, B20). 

6.1.3 Localization 

Fab Labs are often embedded within their local community, might it be a local population of 

citizens or of students, and are populated by people from the community this makes them 

suitable and able to identify missing links in local systems as to make them circular. Circularity 

is thus, primarily linked to the city level, as most Fab Labs are embedded in urban areas. To 

this, an interviewee argues the following "A lot of what happens in circular economy is really 

based in the industry level (…) What fab labs do from a production standpoint and from the 

standpoint of what we produce and consume is placed the citizen of cities central to that 

model" (Appendix B9 8:19).  

  

Furthermore, the interviewees state that Fab Labs provide a space to experiment with 

localised production and bring the individual back in touch with production. As such many 

interviewees note the potential to facilitate a change in mindset towards sustainable 

production and consumption. This is seen as a bottom-up approach to changing consumption 

habits. A few interviewees even noted that this provokes an interest from corporations to 

create products with Fab Labs that are more circular. For this reason, Nike engaged with the 

Fab Lab in Italy according to one interviewee (Appendix B9).  

  

One of the perceived benefits of localising production is the reduction in transportation, given 

that the suggested distributed production model is a data-in data-out model; it reduces the 

dependency on global transportation. This distributed production is seen as a core value of 

the Fab Lab Network, which would prevent people from prototyping something in a Fab Lab, 

yet getting it produced in a mass production facility, as this goes against their values. 
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Subsequently, it was noted that there are some companies that came forward out of the Fab 

Lab Network that kept this core value, such as Fairphone, a modular mobile phone. 

  

Multiple interviewees note that there is a connection between the geographical location and 

circularity. Namely, areas that are detached from global supplies have a better incentive to 

innovate as to use local materials. This was illustrated by examples from Gaza and Burkina 

Faso. Whereas the developed world is caught up in what was labelled as a convenience 

economy, e.g. you just order new filaments online, and as such have fewer incentives to 

innovate towards circularity (Appendix B2, B6, B11, B13, B19, B20). 

  

As such, people voice an understanding of where the circularity potential of the Network 

could be. However, the concrete examples illustrating this were far and few and most people 

voiced a broad understanding of circularity but were unclear on how to apply to the fab lab 

network. For example, it was noted that even though local materials have a potential the 

actual research on how these materials should be sourced and linked to fab lab activities was 

lacking. 

6.1.4 Activities 

Activities listed are both those undertaken by the interviewees themselves or activities that 

they know others within the Network have participated in. Interestingly enough the majority 

of the activities listed are initiated by individual Fab Labs and only the Fab City project spans 

across several Fab Labs as well as many other external actors. The activities related to 

circularity can be divided into three categories; internal to Fab Labs, bridging and external 

activities to Fab Labs. The internal and external findings are in line with the analytical 

distinction. The bridging category represents activities which both alter and engage the Fab 

Lab itself, as well as engage external actors. The activities in this category are both undertaken 

by the Fab Lab themselves as well Fab Labs engaging in larger projects initiated by for example 

the EU. 

  

Finally, two interviews highlight that they believe that there are many more circular activities 

being initiated and undertaken by Fab Labs; they are just not branded as circularity but more 
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likely under words such as waste reduction, waste management, recycling. (Appendix B21 & 

B6). 

  

6.2 Findings – internal dynamics 

It is within this section that findings related to the internal dynamics of the Fab Lab Network 

will be presented, as has been summarised on the below visualisation: 

  

  

Figure 7. Findings – Internal Dynamics. Source: own creation 

6.2.1 Technology and innovation 

This code gathers data on how the Fab Lab Network interacts with the technologies used in 

Fab Labs. Most respondents noted that the users of Fab Labs are passive users of the 

technologies present. The main reason cited for this is that most users are interested in 

generating output, not changing the technology itself. Further development is deemed not 
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critical as the available technologies are suitable to almost make everything, due to the many 

"affordances of the technology" as mentioned by interviewee Peter Troxler (Appendix B5). 

However, the cost of the technology is seen as a barrier to its use, as such the majority of the 

respondents noted the efforts of the network to bring down the costs by simplifying the 

technology and new technology development processes without infringing on the capabilities 

of the technology itself. To this end Sherry Lassiter noted that the cost of a Fab Lab has been 

brought down from 100.000 USD to 10.000 USD, a decrease of 90% (Appendix B1). 

  

Finally, in terms of actual production, the technology is mainly deemed useful for rapid 

prototyping, singular product development and in some cases small batch production. In 

terms of non-physical output, interaction with the technology is seen as important to develop 

new applications and processes (Appendix B1, B2, B7, B8, B15) 

6.2.2 Funding 

In this code, data was gathered regarding how Fab Labs generate revenue to finance their 

operations. Most interviewees stated that Fab Labs often do not have a single revenue stream 

and that most funds come from public institutions in the nearby vicinity of the Fab Labs. 

Frequently given reasons for this were the activist tendencies of participants of Fab Labs and 

lacking a narrative as to provide clear value for business services. Whereas there is a more 

natural match with academia for funding, given the origin of the Fab Lab Network. However, 

it has to be noted that 50% of the respondents are embedded in the academic world. 

Interestingly enough, the lack of sustainable business models was cited as the main barrier to 

pursue sustainability efforts, illustrated by Romain Divozzo (Appendix B2) highlighting that 

Fab Labs were just too busy to survive. 

6.2.3 Learning 

Learning occurs on six levels within the network, namely: individual users of Fab Labs, 

individual Fab Labs (managerial tier), local community, country, regional and global. 

Regardless of level, community needs are seen as the steering force in learning, given that 

serving community needs is a central value of the network. The output of learning can be 

grouped into three categories, namely technology competencies, values and cultures and 

narrative development, with the first category being the most present. Learning then occurs 
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via iterative processes, e.g. values guide certain technology uses, resulting in new technology 

competencies, influencing value and culture creation. 

  

All three categories are not detected in equal measures at all levels, with values and culture 

mentioned throughout. However, technological competencies as pertaining to technological 

literacy and skills occur mostly at the individual level, depending on the individual's 

engagement and dedication. Technological learnings as pertaining to processes and broader 

usages are noted on the managerial, regional and global level most often than mentioned in 

relation to vision and narrative development as learning, which also incorporates values and 

culture as a direction-setting effort. 

  

On a final note two barriers to learning are emphasised by the interviewees, namely lack of 

documentation and lack of network-wide knowledge sharing mechanisms (Appendix B4, B9, 

B15, B17) With a high turnover in people within the Network seen as a barrier to retaining 

lessons learned within the Network. 

6.2.4 Values and culture 

Throughout the interviews the majority of the interviewees emphasised that the people 

behind the Network and their values set the direction of the Network, not the technology. 

Interestingly enough the technology is seen as an almost neutral infrastructure upon which 

anything can be built depending on the values of the people using it. It was noted by Sherry 

Lassiter, the CEO of the Fab Foundation (Appendix B1), that the Network naturally seems to 

attract people that want to contribute to sustainability. This being through reconnection with 

production as to stimulate sustainable consumption, whereas the original purpose of the Fab 

Lab network was to stimulate local entrepreneurship. 

  

Notable some values based on technological use are widely shared, which are reflected by 

the Fab Lab Charter. Such as the importance of open source, open access, sharing, design 

thinking, collaboration, democratising digital manufacturing technology for distributed 

production and increasing digital literacy. Then the intrinsic values the interviewees reflect 

the desire to reconnect with production, rethink the meaning of work, the meaning of value 

(worth) and how this should be based on generative principles not net-negative production 
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principles. As such the respondents distinguish between values that dictate how technology 

should be used and what that technology should be used for. 

  

6.2.5 Governance 

Within the context of the data, governance is seen as relating to facilitating learning, network 

strength, operational models and direction, bringing a level of coherency to the Network. A 

fundamental finding here, that was voiced repeatable by respondents, is that governance 

efforts is an individual endeavour, it is up to individuals to take up such a role, there are rarely 

top-down incentives to do so (Appendix B2, B8, B10, B15, B17). As such the importance of 

'gurus' proving leadership was voiced, prominent mentors or Fab Lab managers within the 

Network that took a governance role upon themselves (Appendix B2 & B3). It must be noted 

that most of these individuals either originate from institutional Fab Labs (e.g. university Fab 

Labs) or independent Fab Labs with sustainable revenue. These people are recognised for 

their effort in moving around the Network and helping establish other Fab Labs. To illustrate 

this Nadya Peek (Appendix B7) has helped set up over 50 Fab Labs. For institutional Fab Labs 

it is recognised that their host institution holds governance influence over them, as such 

Aristarco mentioned that his Fab Lab has to follow the direction set out by its host university. 

  

In terms of institutional entities providing governance the Fab Foundation was mainly 

mentioned for its network-wide efforts, adopting a decentralised governance approach by 

nurturing regional networks and leaders, and attempting to strengthen the community 

through global Fab Conferences. The latter being critiqued as attendees are mostly from the 

host country, thus not providing a network-wide function. Fab Academy's efforts were 

recognised for training people that could further the efforts of the Network, in a decentralised 

manner by having local Fab Labs serve as educational spaces. Even though not the main 

objective of the Academy, the people educated by them often stay in the Network. Finally, 

Fab City was credited for their efforts of nudging the Network towards circularity at a city 

level, by providing an open call and their 'full-stack' methodology so that interested Fab Labs 

and more important cities can self-declare to be part of the initiative. 
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6.3 Findings – External dynamics 

Within this code data was gathered that provides insights into the external dynamics of the 

Fab Lab Network. This relates to the wider ecosystem of the Fab Lab Network, the interactions 

between the ecosystem actors and the Fab Lab Network and finally data that provides insights 

into interviewee perceptions on regime & landscape dynamics. This is done while keeping in 

mind that the internal and external distinction is purely an analytical one. As such, there might 

be an overlap, but it allows for shedding light on the perceived intentions of actors outside 

the Network in engaging with the Network. 

  

Based on the interviewees' answers, external actors to the Network can be grouped in three 

overarching clusters, namely private, public and educational entities. Furthermore, less 

frequently, interviewees also mentioned three overlapping areas between these clusters, 

namely public libraries, privately led educational initiatives and industry unions. 

 

 

Figure 8. Findings – External Dynamics. Source: own creation   
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6.3.1 Private sector 

When it came to the private sector entrepreneurs were seen as most favourable towards the 

Network, the main reason being the entrepreneurial empowerment the Fab Lab brings. As 

such Aristarco noted that they have the biggest impact by empowering local entrepreneurs 

and artisans. Second to that a relatively good fit with SME's was noted, the main reasons 

being that Fab Labs make prototyping affordable and both SME's and Fab Labs depend on 

small machinery. Massimo (Appendix B8) noted that this is more prevalent in countries where 

there are a lot of traditional SME's such as Italy, indicating a potential importance of 

geographical location. When it came to larger enterprises the respondents were very divided. 

On the negative side it was mentioned that those entities perceive the Network as a threat, 

with the Network being to activist (Appendix B7), companies are just interested in the 

innovative capability but rather internalise those in a corporate lab ( Appendix B2) and that 

there is a clash in narratives due to a lack of awareness. But that this latter can be overcome 

by the intermediary role of industry unions (Appendix B20). 

  

On the positive side it was noted that some companies perceive the innovative competencies 

of Fab Labs as tied in with the community and as such buy into both, this was the case of Bang 

& Olafsen, Velux (Appendix B12), Nestlé ( Appendix B20), and Nike ( Appendix B16). The Fab 

Lab Network was also recognized for its upskilling and reskilling potential, specifically in 

transferring digital literacy to society, competencies that companies are in need of. To this 

end Sherry Lassiter (Appendix B1) mentioned that Chevron started multiple Fab Lab driven 

educational initiatives. 

  

6.3.2 Public sector 

Within the public sector we see two levels of, namely municipal level and national level. At 

the national level the focus of the interviewees is mainly regarding policy. Stating that the Fab 

Lab Network can benefit from regulations enabling local recycling. On the other hand, where 

policy is missing the efforts to influence national policy was noted, such as the National 

Governors Network  in the US (Sherry), as a barrier to this it was noted that the private sector 

holds lot of influence to keep policy benefiting their purpose (Appendix B1,B2,B7). But there 

are signals of national governments warming up to the Network, to this end Jean-Michel 
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(Appendix B19) noted the government of Georgia saw Fab Labs as a way to build resilient 

societies. At a municipality level Fab Labs were seen as a way to economically empower 

people, reskill local populations, a space to bring together relevant actors to further 

development of urban areas in a sustainable and to a lesser extent circular way. 

  

6.3.3 Educational sector 

From an educational perspective the respondents mostly noted a natural alignment given 

that the Fab Lab Network comes forth out of academia and the fact that a lot of Fab Labs are 

rooted within universities. When looking at a more granular level, the best educational fit is 

with engineering, architecture, design, agriculture and technological education streams. 

Furthermore, the Fab Lab Network is overall recognised for its STEM learning potential, which 

stands for Science, Technology, Engineering and Mathematics, due to the technologies 

utilised (Appendix B1 & B21) Finally, because Fab Labs do not discriminate on age, its potential 

for life-long learning is recognised. As to unlock this educational potential widely available 

multiple respondents noted Fab Labs ought to be the new public libraries. Or as the new 

personal computer, as costs plummeted learning and knowledge creation became widely 

available to all. 

  

6.3.4 Regime and landscape 

With regards to data portraying dynamics and the socio-landscape level the interviewees 

voiced some interesting insights, namely a change in consumer awareness towards 

responsible and ethical consumerism, such as the responsible fashion trend, underlaid with 

an increased awareness regarding the negative externalities of mass-production. This was 

subsequently linked to a global conservation regarding sustainability, a conversation that was 

seen as a pressure point to bring about change. 

  

Yet this was counterbalanced with the notion of a convenience economy, specifically well-

articulated by Jean-Michel (Appendix B19). Namely, the notion that even though the 

awareness is there people are too comfortable within the current global supply chains that 

are geared towards click and demand, resulting in having everything at your fingertips, which 

takes some of the incentives away to act upon the increased awareness. 
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Finally, it was noted by multiple interviewees that the Fab Lab Network can benefit from 

fundamental systemic shocks to the overall system. This was illustrated with the example of 

the financial crisis in 2008. Interviewees pointed out that participation rates within Fab Labs 

resulted from this as people had to find a new way to sustain themselves, a notion that 

appears to feedback to the earlier mentioned economic empowerment of entrepreneurial 

individuals (Appendix B5, B21, B10).  

6.4 Findings – The Impact and Future Scenarios of Fab Labs 

The following section depicts the findings concerning themselves with the current and 

possible future impact that individual Fab Labs and the collective Fab Lab network can have. 

The findings within this theme were grouped according to the categories, enablers for future 

success, challenges and future scenarios. 

 

Figure 9. Findings – Impact & Future Scenario’s. Source: own creation  
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6.4.1 Impact 

This theme shows interviewees' insights on how they believe individual Fab Labs and the Fab 

Lab Network create an impact as well who they believe the Network impacts. A majority of 

the interviewees describe their largest impact to be within the local community. Interviewees 

emphasise that Fab Labs are about building a community space, centred around digital 

fabrication and digital literacy. They perceive the Fab Labs as a place where local voices can 

be heard and can take control of their own situation and problems. The labs embrace both 

members of the community who have no prior knowledge of digital fabrication as well as 

evolving the skills of those who do, arguing that this allows both the Fab Labs and the citizens 

to stay ahead of the tech curve. 

  

The interviewees further highlight that they believe that they influence consumer behaviour 

by engaging actors in the designing and production of products, thus shedding light to the 

true impact of their consumption choices (Appendix B11,B16,B9,B6,B3) The aforementioned 

impact is argued to increase according to Lass's laws, as Sherry Lassister saw the exponential 

growth of the number of Fab Labs around the world (Appendix B1). Finally, a few interviewees 

emphasise the potential of companies spinning out of Fab Labs, who manage to 

commercialise products developed in a Fab Lab. Examples of these include Fairphone and 

WASP (Appendix B8, B18, B10) 

6.4.2 Enablers for future success 

This theme highlights which enablers interviewees find crucial to ensure the success of the 

Fab Lab Network's future. In general interviewees highlighted the importance of being open 

source and utilising this as one of their core strengths. In addition to this, interviewees 

identified the need for a knowledge-sharing platform, which allows for data and knowledge 

to be shared openly. For the optimal use of this platform, interviewees argued that it is crucial 

that Fab Labs prioritise teaching and promote documenting processes to benefit from the 

collective knowledge and further establish a connection between the individual Fab Labs. 

Finally, interviewees state that the Fab Labs must ensure to evolve further from just being 

prototyping spaces and incorporate testing and feedback by engaging with end-users, 

whether this is individuals, private entities or industry players. 
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6.4.3 Challenges 

This theme depicts challenges that interviewees view as obstacles for the Fab Lab Network to 

reach their full potential. Interviewees described that in order for the Network to gain more 

traction and more influence they must grow in the number of labs and users, as in line with 

the Lass's law described. More labs will also allow them to submerge further into the local 

communities and provide more shared knowledge within the Network. In addition to the 

growth in users, interviewees also highlight that a current obstacle is the level of involvement 

of users and how to maintain a certain level of commitment to create a healthy and sustaining 

community within each fab lab. Finally, the greatest challenge expressed by interviewees is 

the lack of a shared digital language that allows for the knowledge of projects to easily be 

shared, thus allowing users to build upon each other's learnings and knowledge. 

6.4.4 Future Scenarios 

The following section presents the future scenarios for the Fab Lab Network, depicted by the 

interviewees. It must be highlighted that the overarching key values which interviewees 

associated with the future of the Fab Lab Network was; being open source, data-in-data-out 

and distributed and digital production. These were emphasised as the key components to be 

further developed and unfolded in the future of the Fab Labs. 

  

1.Transitional Vehicle: The first potential scenario is viewing the Fab Lab network as a 

transitional vehicle. This means the Fab Lab network will help build the case for digital 

fabrication and manufacturing, but they will not be the carriers and executors of this. They 

are to be viewed as a steppingstone in the big shift of altering our economic system, our 

consumption patterns and our overall way of living and organising ourselves. 

  

2. Stakeholder Manager: The second scenario is to view the Fab Lab network as a stakeholder 

manager. Due to their unique position in their local communities, the Fab Labs have the ability 

to gather and activate various stakeholders within different areas of interest. They can 

function as conversation spaces where siloes are being broken down and collaboration is 

fostered and empowered. 

  



71 
 

3. Educational Space: The fourth scenario is viewing the Fab Labs primary function as an 

educational space. The labs will function as training facilities for citizens and other users, 

which expand and develop new skills centred around digital fabrication, consumerism and will 

democratise technology. These skills will allow citizens to both produce their products as well 

as prepare them for more tech demanding jobs. 

  

Within this scenario it was suggested to view the Fab Labs to the equivalent of a public library, 

becoming as widespread as public libraries are today, fulfilling a knowledge-generating 

function teaching citizen about the core values of the Fab Labs such those mentioned above. 

Cindy Kohtala (Appendix B15) compares this scenario with the expansion of the personal 

computer, which initially was unaffordable and unattainable for regular people but over the 

years has become a commonly owned product. Comparably as the cost of Fab Labs decreases 

the number of Fab Labs will increase and give more people access to them. 

  

4. Micro Factory: The fifth scenario is the potential of Fab Labs functioning as micro-factories 

providing production facilities for the local communities, thus allowing for a decentralised 

relocation of production. Interviewees both spoke of this scenario as a complete alternative 

way of manufacturing to mass production or a scenario which could function in parallel with 

mass production. The main benefits highlighted when speaking of this scenario is the 

possibility of shortening supply chains, thus decreasing transportation, and allowing for 

increased customizability.  It must, however, be stated that all interviewees emphasised that 

this scenario was the most long-term scenario for the Fab Lab and some even described it as 

a utopian idea. This is exemplified by Enrico who states that “What I'm saying is that micro-

factories will not happen immediately. So, in the meantime, it is fundamental to work on 

awareness and exploring different paths to work locally.” (Appendix B16, 44:21). 
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7. Analysis 

It is within this section that the literature and theoretical considerations will be applied to the 

findings as to answer the research question: To what extent can the Fab Lab Network 

influence traditional manufacturing towards circularity? Firstly, the Fab Lab Network has to 

be assessed as a social-technical phenomenon as to decipher the balance between the 

technological and social sub-systems. As to understand where its circularity potential lies, 

might it be separately or a rust of its relationship to one another. This then will be linked to 

an assessment of the Fab Lab Network as an innovation system to assess what they can 

contribute in a transition towards circularity. After which the niche internal processes will be 

analysed in order to assess to what extent the Fab Lab Network meets the internal 

prerequisites for transition as prescribed by the theory. After which the external processes 

will be analysed to determine what pathways are available to facilitate a change towards 

circularity in the traditional manufacturing regime. 

  

7.1 Socio-Technical System  

As previously stated in the theoretical framework, the preliminary research indicated that the 

social dynamics of the Fab Lab Network is just as important as the technical dynamics, 

emphasizing the relevance of analysing the Fab Lab Network as a socio-technical system. By 

analysing the Network as a socio-technical system, it is possible to relate the two sub-systems, 

namely socio and technical, to the Network’s approach and assess its application in support 

circularity.  

From a research perspective, an assumption was made that the technological dynamics of the 

Fab Lab Network allowed for a natural alignment with circularity. By definition, the 

technologies on its own allow for waste reduction through 3D printing, as emphasized by the 

interviewees, and a reduction in the length and complexity of the supply chain because of the 

technological affordance. More precisely referring to digital materiality (Leonardi, 2010), 

allowing for data to be turned into hardware, which reduces the need for transportation of 

physical objects. This is in line with circularity as designing waste out of the production 

system. Circularity then comes forth out of the affordances enabled by the technology, but if 

these affordances are too limited, they might constrain efforts towards circularity as well.  
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This was further substantiated by the interviewees, who noted that specific data inputs are 

needed for effective production (Appendix B2). This specifically can then be seen as a 

constraint, given that faulty input might, for example, result in misprinted 3D hardware. As 

such, you are left with something that is essentially waste as it can neither be reused or 

reintroduced in the circular value chain as a new resource for production. In this section it will 

be assessed how these technological affordances and constraints interact with the Fab Lab 

Network in support of circularity.  

7.1.2 Affordances and Constraints of the Technologies 

The primary affordance associated with the technology is how it allows individuals to make 

almost anything. However, there are limited affordances in regard to recycling in relation to 

the currently used technologies. The interviewees perceive that the processes and actions 

needed to further recycling in the circular value chain require a new set of technologies to 

complement the current technological configuration. This is for example emphasised in a 

plastic shredder and subsequent processing that would allow for plastic sheets to be made, 

which can then serve as a base material for laser cutters. This is an interesting observation, 

as the findings also note that technological development is geared towards democratizing 

existing technologies rather than developing complementary technologies, which is 

mentioned sporadically. This will be touched upon later, by bringing forth one of these 

complementary technologies that might have the potential to overcome the limited 

affordances regarding recycling.   

A major constraint related to the technologies utilized by the Fab Labs is the limitations to the 

scale of production. This is further substantiated by Asger (Appendix B12) who states that 

once a Fab Lab user must produce more than a 100 items the technologies the Fab Labs 

provide are no longer a feasible production method and they are therefore often forced to 

produce via traditional manufacturing methods. One might argue that from a traditional 

economic logic this can be seen as a constraint, as it goes against the logic of economies of 

scope and scale. Interestingly enough this is not perceived as a constraint by the Fab Lab 

Network as they talk about distributed production as a goal. The idea of having a large 

network of nodes that fulfil small scale local production needs. Evidence of this goal becoming 

a reality is emphasized by Lass’s Law which defines the exponential growth in the number of 
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Fab Labs around the globe akin to Moore’s Law. As such, it can be argued, contradicting 

market logic, that limiting the scale of production actually enables circularity at a local level.   

Furthermore, from a technical perspective open source can be viewed as both an affordance 

as well as a constraint to the Network. The idea of open data flows between the Fab Labs 

functions as an enabler and could potentially allow for the promotion of circularity from a 

local to a global level. As previously stated, the linkage of data and physical material flows 

allow for increased transparency on a material’s journey (World Economic Forum & 

Accenture, 2019).  As such, the sharing of data can function as a knowledge sharing between 

the Fab Labs, strengthening the overall knowledge towards circularity. However, proper 

documentation is needed in support of this. This might be a constraint in this case as 

interviewees express a lack of culture around documenting processes and designs.  Keeping 

in mind that this is purely argued from a technological perspective, attention is now turned 

to the interplay between the technical sub-system as described above and the social sub-

system.  

7.1.3 Intent and the technological feasibility of circularity 

The theory further suggests that technology can shape social perceptions. When analysing 

the Fab Lab Network as a socio-technological system it is crucial to understand whether the 

affordances or constraints of the technologies influence the attitude of the users towards the 

feasibility of circularity. To this end, Sherry Lassister (Appendix B1) brings forth the argument 

that the Network naturally attracts individuals who have the intent to do good, attracting 

individuals that want to reconnect with production and consumption in a sustainable manner. 

As opposed to mass production, characterised by complexity and inaccessibility, the 

underlying set of technologies allows ‘Fab Labs to open up the black box that is production, 

so then there is some sort of direction, which is allowed by technological possibilities which 

would steer automatically towards circularity or create more awareness about consumption 

and production’ (Appendix B5). 

Arguably this indicates that the technology increases the attitude towards the feasibility of 

circularity. This is further substantiated by the MAKE IT data which shows that 36% of users 

are interested in developing new ways of manufacturing. This data also confirms Sherry’s 

statement regarding attracting people that want to have a social impact, as 58% wants to 
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enable citizen participation, 31% wants to tackle environmental and social issues, and 53% 

want to contribute to education. So, it seems that there is a plausible correlation between 

the affordances of the technology and the desire to have a social impact, yet circularity is only 

a possible intent among many.   

As such, it can be argued that some people will perceive circularity as more feasible through 

this specific set of technologies. In support of this it can be argued that if you go in with an 

intent of social impact, the technology will likely steer you towards being more connected to 

production and consumption, which often include circular principles such as extending 

product lifespan. However, an individual might engage for this purpose based on individual 

needs or interests while having no desire to contribute to a larger circularity Network. 

Furthermore, Fab Labs are also seen as a neutral space, so in practice, all users can utilize the 

technologies for the purpose they see fit, might it be sustainable or unsustainable production.  

It can thus be concluded that some people, who have the right intent, will acquire an 

increased perception of the feasibility of circularity through their use of the technology and 

its affordances. The intent is thus a prerequisite to increase the feasibility of circularity. But 

given that this is not a prerequisite to overall participation, it has to be questioned if circularity 

would be a network-wide goal. This further provokes an interesting question for the 

discussion: should the intent to contribute to circularity be a prerequisite of participation in 

the social network that is the Fab Lab Network as to amplify the potential of its contribution 

towards a circular economy or is this something that can be actively steered towards after 

joining the Network? After all, if a socio-technical network is to fulfil any wider function, might 

it be societal or otherwise, its establishment is the outcome of decisions taken within a social 

network (Weber, 2010), as such the attention will now be fully shifted towards  the Network 

as a  social system.  

7.1.4 As a Social System 

By analysing the Fab Lab Network as a social system, it is possible to understand whether 

circularity is something cultural, as an articulation of the participants' intentions and values. 

When analysing the Fab Lab Network as a social system the findings illustrate that this analysis 

can be made at two distinct levels, one is viewing the individual Fab Labs as its own system, 

and the other is to view the entire Network as a system. This might be an indication of the 
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theoretical assumption made in the theoretical framework that specific innovation niches, 

namely individual Fab Labs, can contribute to a global niche, that is the Fab Lab Network. 

However, the variety seen between individual labs can also be seen as an indication that there 

is too much divergence resulting in a lack to articulate a coherent network contributing 

towards circularity as an overarching goal. This is subjective to the niche internal processes 

as will later be analysed. 

Drawing on the findings section “Understanding of Circularity” it is exemplified that the Fab 

Lab Network primarily views circularity as something centred around localization. The linkage 

between localization and circularity by the interviewees can be argued to originate from the 

original purpose of the Network, which was to stimulate local entrepreneurship, so naturally, 

localization is deeply rooted in their interpretation and application of concepts such as 

circularity. As such they see that elements of their current activities link to circularity when 

asked about it, but overall, they don't perceive the establishment of circularity as either a Fab 

Lab specific goal or a network-wide goal.  

Second to that the interviewees link circularity to the systemic notion of responsible 

production and consumption through reconnecting people with production and distributed 

production. However, they do admit that it is only a minority of their peers that think of 

circularity on such a systemic level, and it is not a widely embraced goal for the Network. This 

fragmentation between a few key individuals and the majority of the Network is further 

amplified by the earlier notion of Fab Labs as a neutral space. Circularity as a goal is often 

then driven by strong individuals at individual labs, in what has been perceived as a 

managerial layer of the Fab Lab Network.  

As such it has to be concluded that there are indeed elements of circularity as a goal present 

within the Network, but often this pertains to specific activities or the work of a few 

individuals within the Fab Lab Network. As such, it really has to be questioned if the Fab Lab 

Network as a social network can establish the overall culture in support of a network-wide 

goal towards circularity. 
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7.1.5 Concluding remarks: socio-technical system 

It can be concluded that currently, the Network as a socio-technical system, has a 

technological affordance towards circularity through the notion of distributed production 

systems. Especially given that scaling up production akin to mass production is not deemed 

relevant to them. Additionally, from a circular perspective there is still a need to strengthen 

complementary technologies as the next step towards a more advanced circular distributed 

production system. Digital materiality as embodied by open data flows could be in support to 

spread circular usage of technology throughout the network.  

Albeit the affordances of the technology to be used in a circular matter, the same cannot be 

said for the intent driving the usage of technology. What has become clear from the above 

analysis is that it really depends on the social sub-system pertaining to intended goals, which 

drives technology usages and processes surrounding technology towards circularity. 

However, there is no strong presence of intentions towards circularity, might it be at the level 

of the individual or at the level of the wider network. To sum it up very concretely, it is the 

people that drive circularity, not the technology. Therefore, the logical next step is to assess 

their efforts towards circularity as to potentially discover how the Fab Lab Network can be 

steered towards circularity as opposed to its current form as a socio-technical system.   

7.2 Mainstream and Grassroot innovation towards circularity 

Given the above analysis of the Fab Lab Network, as a socio-technical system, and its 

subsequent affordances and constraints towards circularity, it is the natural next step to 

assess to what extent the Fab Lab Network is an active innovation system contributing 

towards circularity. This is first because the above analysis suggests that it is innovative 

individuals that take charge with regards to circularity. Furthermore, because the theory 

suggests that it is important that a socio-technical system is not stagnant but should rather 

bring forth innovations as to contribute to systemic transitions (Jedelhauser & Binder, 2018). 

Therefore, the first question that needs to be answered here is whether or not the Fab Lab 

Network brings forth innovations towards circularity? As to understand what the Fab Lab 

Networking is contributing towards circularity. After answering this question, the attention 

will be turned to the internal processes in the subsequent section, that might be in support 

of furthering the circular potential of the Fab Lab Network. 

  



78 
 

What has become clear in the previous section of the analysis is that there are two tiers of 

socio-technical systems in the Fab Lab Network, namely the individual Fab Labs and the wider 

Fab Lab Network as a socio-technical system. Due to the high affordances of the technologies, 

and the open access principles of the Fab Charter, the barriers to becoming a Fab Lab are low. 

Therefore, it is not surprising that both grassroot Fab Labs as well as mainstream Fab Labs 

such as those linked to institutional entities, namely universities, can be noted from the 

interviews. This is an interesting finding to build upon as the theory suggests that different 

kinds of innovations can be expected depending on the nature of the niche, might it be 

grassroot or might it be mainstream (Seyfang et al., 2013). Thus, different contributions 

towards circularity can be expected. Furthermore, this will influence the plausibility of certain 

pathways, as will be clarified in the external dynamics of this analysis.    

  

7.2.1 Mainstream innovation towards circularity 

Within mainstream innovation, two significant trends can be noted. Firstly, the establishment 

of Fab Labs that can actually produce Fab Labs through simplification of the technology, 

resulting in significant cost reduction. As was indicated in the findings, the cost of a Fab Lab 

was brought down from 100.000 USD per unit to 10.000 USD per unit. This can be classified 

as a market-based innovation (Hatzl et al., 2016). The primary and sole example of this is the 

Hyper Fab Lab in Kerala, India (Appendix B1). The purpose of this Lab is to produce Labs for 

the surrounding engineering and technical colleges, amplifying the potential of the earlier 

mentioned Lass’s Law. However, the goal of this innovation stream is strengthening access to 

Fab Labs for educational purposes through the democratization of the technology. It was 

never mentioned that the goal behind this was strengthening the spread of circularity 

throughout the formal education system. 

  

In addition to this, they are not the only actors that are democratizing core technologies as 

used by Fab Labs. When the earlier patents on 3D printing began to expire from 2002 to 2014 

a wide range of actors, including complimentary spaces such as the Maker Movement, further 

democratized the technological configuration underlying Fab Labs. As such this innovation 

stream cannot be solely accredited to the Fab Lab Network. However, what is unique to them 

is the production and diffusion strategy behind these democratized technologies. This is 
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namely the centralized production of these Labs and their subsequent linkage to tertiary 

education. As such it can be argued that this is currently not an innovation stream towards 

circularity. However, it can also be argued that there might be a future opportunity in this, as 

they have a unique opportunity to position themselves in support of circularity. In the 

previous section it was argued that if the intent of people is aligned with circularity the 

technology can be used towards circularity. Thus, if this innovation stream provides access to 

more students, and if circularity is instilled within them through their education, there is a 

potential to use this innovation stream towards circularity. 

  

This potential of universities as enabling entrepreneurs with a circular intent has already been 

proven by the recycling initiative Precious Plastics. Precious Plastics offers a set of open-

source machines that shred plastic waste and melts this waste in plastic boards that can then 

serve as production input within Fab Labs. Starting out within a University Fab Lab, again 

driven by a purposeful individual, it now offers entrepreneurs a way to turn plastic waste into 

a viable business.  

  

However, it can be argued that this only has a limited effect towards circularity, as a result of 

a simple recycling process the crude boards only lend themselves for the production of 

relatively simple hardware. This ability to mainly make simple products has been noted 

before. To illustrate, a Fab Lab can make a phone, however, it would be a simple phone casing, 

with a keypad and a screen just to be used for calling or texting. Because of this, it can be 

argued that more sophisticated avenues of circularity are not available to the Fab Lab 

Network, such as refurbishment (Vermeulen et al., 2018). According to the interviewees, this 

is because the majority of mass-produced products are too complex for disassembly (lack of 

modular design), as they are designed with a specific end of life, thus creating a barrier to 

refurbishment (Appendix B1, B5, B10, B16).  

  

Not surprisingly the second mainstream innovation stream pertains to private companies that 

come forth out of the Fab Lab Network but leave the Fab Lab behind as the complexity of the 

organisation and production grows. Fairphone is a modular cell phone producer and Wasp, 

among other things, is most known for its 3D printed zero impact houses made from clay. 

Both companies are based on strong circularity principles, but as they commercialize 
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technology and scientific findings, as opposed to serving local needs, they can be classified as 

mainstream innovation (Martin et al., 2015). As such there is a case to be made that the Fab 

Lab Network does provide an incubation space for circular companies. However, there is no 

mention of the Network actively steering such initiatives towards circularity, emphasizing 

again that if individuals have circularity as a goal, this is something that can be achieved 

through the technology that forms the basis of the Fab Lab, but it is too much of a stretch to 

say that the Fab Lab Network as an innovation system is uniquely suited towards circularity. 

This argument is strengthened by the fact that the mentions of circular spin-offs are far and 

few in between. Furthermore, these specific companies continue as separate entities and the 

interviewees voiced no evidence that they give back to the Network in terms of circularity. As 

such entrepreneurs just seem to utilize the Fab Lab Network for product development and 

prototyping. What can be concluded from the above is that there is no strong mainstream 

innovation output towards circularity, but it might be valuable to explore how this can be 

strengthened by nurturing entrepreneurs to embrace circular principles as the two examples 

mentioned above.  

7.2.2 Grassroot and mainstream innovation towards circularity  

With regards to grassroot innovation, it must first be remembered that grassroot innovation 

is primarily in response to local needs and locally embedded (Seyfang et al., 2013). This holds 

true for all Fab Labs, as all interviewees state that Fab Labs primarily serve local communities, 

even university labs are steering their students in serving local needs, local entrepreneurs and 

local contexts. This is further substantiated by archival data, namely the MAKE.IT data which 

shows that 64.1% (Appendix C) of their respondent’s view serving local communities as the 

main objective of the Fab Lab Network, and only 23% (Appendix C) partake in Fab Labs as 

their full-time professionals. As such, it can be argued that Fab Labs are better set up to 

produce grassroot innovations rather than mainstream innovations. This overall lack of rent 

and profit-seeking is again a strong indication of grassroot innovation (Seyfang & Longhurst, 

2016). As such, the argument might be made that the above example of successful 

commercialisation should rather be seen as exceptional, rather than a frequent occurrence.  

  

Even though the argument can be made that the Fab Lab Network is suitable for grassroot 

innovation, this does not mean that the Fab Labs are there to serve local community needs 
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towards circularity. Furthermore, it might actually be a hindrance in enabling a systemic shift 

towards circularity as prescribed by the theoretical framework such innovations often do not 

have the aspiration to grow or to scale (Seyfang et al., 2013). As such, it will really depend on 

the processes facilitating replication or the diffusion of these innovations throughout the 

Network that will be an enabler of systemic change. This is one of the central matters that 

will be explored in the analysis of the internal processes in support of circularity. 

  

As for the concrete circular grassroot innovation output, as has been assessed for mainstream 

innovation, two innovation streams in support of circularity can be noted. This is namely, 

innovations related to the development of local materials on the one hand, and recycling as 

waste management on the other hand. Referring back to the findings, a wide variety of 

examples can be found of innovations making local materials compatible with the set of 

technologies unique to the Fab Lab. From Japanese wheatgrass to the use of local clay, to the 

use of seashells and eggshells. This innovation stream is a perfect fit with circularity as it 

expands the use of organic materials in production cycles, which are circular by definition as 

they can be returned to nature (Ellen McArthur, 2013). As such, it can be concluded that 

grassroot innovation towards circularity does occur. However, although many interviewees 

see this development as promising, most argue that more research needs to go into the 

development of local materials, but that there is no coherent effort into this direction yet. 

Therefore, as for now, it must be concluded that there is sporadic evidence of these circular 

innovations, but that there might be an opportunity to further strengthen this innovation 

stream towards circularity. For which the internal dynamics in support of these specific 

innovations will be accessed in the next section. 

  

When it comes to recycling materials, the majority of the interviewees cite the recycling of 

plastic waste. It is here that some interesting tensions can be noted, which might hinder 

setting recycling as a circular goal of the Network. Namely, research was conducted by an 

interviewee that concluded recycling is best left to public institutions as the underlying 

technologies of Fab Labs are not set up to recycle plastic waste. Furthermore, it was 

emphasized that the chemical knowledge needed for effective recycling was not held within 

the Network, pertaining to the complex chemical makeup of different plastic products. 
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However, on the other hand, interesting initiatives were noted that did enable the recycling 

of plastic waste. But it can be argued that the incentive to innovate in support of recycling is 

geographically specific. To illustrate this, in Gaza Fab Labs are cut off from global supply chains 

and as such cannot simply reorder 3D filaments, this incentivized them to find a process that 

allowed them to create 3D filaments from plastic waste (Appendix B21). However, it can be 

argued that this innovation in support of circularity will most likely not occur where global 

supply chains are intact. For these regions, it can be argued that people are too comfortable 

in what has been called the convenience economy. It then becomes an interesting question 

to explore if these innovative recycling processes can be replicated throughout the Network 

or if convenience outweighs the importance of circular values and cultural objectives to 

protect an innovation niche towards circularity.  

  

7.2.3 Concluding remarks: Grassroot and mainstream innovation towards circularity  

Given the above, it can be concluded that there are some promising innovation initiatives that 

can both have a direct or indirect impact on circularity. There are opportunities related to the 

democratization of the technologies, the development of complementary technologies, the 

stimulation of entrepreneurs embracing circularity, the development of local materials, and 

the possibility of recycling. However, in line with the earlier analysis of the Fab Lab Network 

as a socio-technical system, these initiatives are mainly driven by individuals that have the 

right intent. This intent towards circularity does not appear to be mirrored by the wider 

Network. The question remains if this can be expected to amplify to a network-wide effect. 

As such, it can be argued that this divergence of intent within the Network hinders the 

nurturing of these potential innovation streams. 

  

Furthermore, with regards to mainstream innovation, it appears that Fab Labs are best suited 

for prototyping rather than production due to a lack of complexity and possible scale. With 

regards to grassroot innovation, it appears that local embeddedness and lack of coherent 

network-wide efforts to nurture and diffuse these innovations are barriers to be considered 

when analysing the internal dynamics as to specify how these barriers might be overcome.   
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7.3 Analysis of internal dynamics 
Within this section, it will be assessed if the internal dynamics of the Fab Lab Network are in 

support of the innovative dynamics towards circularity as analysed in the previous section. 

After all, the theory states that certain internal processes are needed in order to build internal 

momentum and mature the social technological configuration held within the niche if a 

systemic change is to be brought about. As such, it is important to assess these dynamics to 

answer the research question: To what extent can the Fab Lab Network influence traditional 

manufacturing towards circularity? 

  

It is then also here that the theoretical assumption will be brought in that a global innovation 

niche is a prerequisite for systemic change according to the MLP (Geels & Raven, 2006). As 

such it will be central to assess how the innovations described above, often originating from 

individual Fab Labs as innovation niches, aggregate towards a global circular innovation niche, 

in order to create a network-wide effect and how stable this global niche then is. To this end, 

the efforts of the mentioned governing entities, being Fab Foundation, Fab Academy, Fab City 

and the regional networks will be interwoven into this analysis to see how they contribute to 

the formation of a global niche. 

  

On a final note, the theory prescribed learning, visioning and networking as the three crucial 

elements of strategic niche management, interestingly enough no concrete efforts have been 

noted from the interviews. As such an inductive approach, based on what the data revealed 

has been taking in shaping this part of the analysis, first looking at learning, then vision, after 

which governance efforts will be assessed, finalizing this section by looking at funding. 

7.3.1 The occurrence of learning 

As a theoretical refresher, learning is important to build the internal momentum of the 

innovation niche, to strengthen the socio-technical configurations within a protected space. 

To this end, it is important that learning does not only occur along the lines of technological 

innovation, as has been described above. It also has to include learning along non-technical 

dimensions such as regulatory, production systems and infrastructure. As to make sure that 

the novelties developed in the niche are fitting to the existing regulations, infrastructure and 
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production systems, which is seen as a prerequisite if internal processes are to be successful 

(Geels & Schot, 2007).  

  

Linking back to the findings, one of the main learning dimensions is technological 

competencies, meaning how the technologies can be used, to begin with. The need to steer 

learning capacity towards the development of basic digital literacy can actually be seen as a 

barrier to circularity. After all, if you do not know how to use the machines, you are also 

hindered in using them in a circular manner. To illustrate, if you do not know how to give the 

right input to a 3D printer or a laser cutter, it is easy to get a faulty product, thus resulting in 

more waste. Furthermore, it has also been noted that circular production principles, not 

combining materials that would hinder recycling, need to be integrated in transferring digital 

literacy for production to actually be circular. However, only one Fab Lab mentioned that it 

was actively steering learning towards this. Therefore, it can be argued that overall circular 

principles of production are not transferred through the main learning exercise. 

  

The fact that learning towards circular production occurs so embedded within a specific 

locality within the Fab Lab Network doesn’t have to be a barrier to establishing circular 

production principles throughout the Network. After all the findings do also show that open-

source and shared learning are seen as central principles of the Fab Lab Network, a potential 

enabler of learning diffusion. However, all interviewees state that there is a lack of 

documentation, as such learning diffusion does not occur. A further barrier to this is the lack 

of digital infrastructure that could be in support of diffusion. To illustrate, an interviewee has 

seen some Google Docs floating around with regards to sustainable applications, but that was 

about it (Appendix B9). As such, it can be argued that learning towards circular production 

does yield promising developments such as circular production principles and the 

understanding of modular design as mentioned in the previous section. However, these 

learnings are sporadic at best, and there is no supporting infrastructure to diffuse them 

throughout the Network.  

  

In terms of learnings pertaining to regulations, understood as creating the fit with the public 

environment (Geels & Schot, 2007), there is a more organized effort into understanding this 

fit. This was already illustrated by the aforementioned research that concluded recycling as 
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part of a circular value chain is best placed with municipality entities. An even more coherent 

effort can be found in the Full Stack model of the Fab City Global Initiative, which sees Fab 

Labs as innovation spaces within the value chain of a city to build the trial for regenerative 

sustainable cities. In support of this it is them within the Fab Lab Network that make a 

coherent effort in steering learning towards the voiced understanding of circularity by the 

Network, namely distributed production. However, a barrier to this approach of ‘urban 

circularity´ is that each city has a specific context. To this end, Kate Armstrong from Fab City 

states that the barriers to generalizing insights hinder network-wide learning. This is 

furthermore hindered by the fact that Fab City is a city driven initiative, it is for cities to sign 

up and facilitate, Fab Labs are more seen as one player within a wider ecosystem.  

  

Leading up to this point in the analysis it has to be noted that local embeddedness, resulting 

in local specific solutions, hinder network-wide learning towards circularity as these 

innovative approaches often do not lend themselves for generalisation and if they do the 

underlying processes and infrastructure are not sufficient enough. As such, it might be argued 

that the level of regional networks lends itself better for learning towards circularity as the 

shared learning is furthermore enabled by a shared culture, shared language, and potentially 

shared materials, illustrated by the example of Scandinavian plywood. Furthermore, learning 

at this level would further be strengthened by the opportunity to travel to each other’s lab to 

facilitate hands-on learning. As the findings indicate this kind of learning is specifically 

valuable in the context of Fab Labs. This leads to the realisation that the level of regional 

networks is most likely the best level to where learnings towards circularity can be 

aggregated. However, what can be concluded is that currently there is a high instability with 

regards to internal learning pertaining to circularity and as such learning as contributing to an 

external fit with the current manufacturing regime is not happening adequately.   

7.3.2 Vision and Narrative formation 

The theory dictates that the creation of a narrative is important, as a sensemaking exercise 

for the people involved, to serve as a communication base, to facilitate learning and change, 

and to instil an identity, all these variables then feed into collective action towards a goal 

(Feola, 2014). Given that learning towards circularity is minimal, it is then critical to assess if 

there is then a narrative surrounding circularity that can create a shared vision for the 
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Network as to drive activities in support circularity. Furthermore, as to serve as a 

communication base to garner wider support to drive internal momentum.  

  

If the above theory is applied to the case of the Fab Lab Network it can be noted that there 

are elements which are aligned with circularity, as has been extensively described above. 

However, these elements are overall not narrated as a part of a circular vision. It has even 

been noted that there is a high diversity in a narrative, to quote Romain Divozzo ‘’I think we 

do not yet have the narrative response at a global level. I think that Fab Foundation has 

somewhat a narrative, Sherry Lassiter has a narrative, Neil Gershenfeld has a narrative, Tomas 

from Fab City has a narrative, I’m starting to have a narrative, but this has not yet been 

translated into activities” (Appendix B2, 32:25). This is further emphasized as the majority of 

interviewees do not refer to circularity as an overall goal or as a vision, rather after some 

reflection, they name the elements that are aligned with circularity. For example, the idea 

that distributed production or the data-in data-out model naturally aligns with circularity. 

However, this is not formatted in an overall circularity vision. It is also questionable if a 

coherent vision can be achieved for such a diverse Network as there is an immanent tension 

between the narratives already in existence. To illustrate, it is Fab City’s vision to create 

sustainable cities, whereas many Fab Labs want to serve grassroot needs or their users just 

want to serve their specific needs. 

  

Furthermore, the theory emphasized that a strong vision, pertaining to specific values and 

culture, is important for the protection of an innovation niche. Especially, when a niche 

struggles to draw in other resources such as knowledge and finances to gain internal 

momentum. As this sense of identity creates commitment of members to build internal 

momentum (Seyfang & Longhurst, 2016). As such it can be argued that it is problematic for 

the circular potential of the network that an articulated vision towards circularity is lacking. 

This was already illustrated by the previous external pressure of living in a convenience 

economy, which creates a tension with the Network as it incentivizes the use of the 

technology in a non-circular matter, thus hindering further innovation towards circularity, 

thus hindering building the niche internal momentum circularity. This argument is further 

substantiated by the findings where it was noted that most users are passive users of the 

technology. It can thus be concluded that the multitude of visions partly in support of 
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circularity hinder the advancement towards circularity as it creates a fragmented field. As 

such, it does not form the adequate protection of a niche as it does not motivate people to 

dedicate themselves to the Network on the basis of circularity. 

7.3.3 Governance and knowledge diffusion 

What has become evident from the above is that learning and coherent visioning towards 

circularity does not occur organically. It is therefore important to assess the governance and 

knowledge diffusion efforts as to derive insights into potential governance mechanisms that 

can enable a global niche geared towards circularity. For this, the theory urges to consider 

the notion of intermediaries and leadership. They are important for facilitating this process, 

as an institutionalization effort of sorts to enable the creation of a global niche, by starting 

new projects, providing the right tools to others, setting and maintaining standards, sharing 

information between different niches and tracking progress (Maier et al., 2016). The findings 

illustrate the Fab Foundation (subsequently their Fab Conference), Fab Academy, Fab city 

(which has been touched upon earlier) and the active Fab Lab managers that have been 

mentioned as ‘gurus’, could have a potential role as such intermediaries. 

  

Starting with Fab Academy, Fab Academy might actually be well suited given the above 

analysed dynamics. As the Fab Academy has sustainability as a pillar and as such their 

educational programs are in part linked to circularity. The earlier illustrated examples of the 

use of seashells and eggshells were initiatives driven by their participants. Furthermore, it has 

been concluded time and again that people need to have the right intent and that there might 

be an opportunity to nurture those specific individuals that want to contribute to circularity. 

It can be argued that Fab Academy is well suited for this due to its sustainability pillar, its 

time-consuming program (32 hours per week), and their tuition fee of 5000 euros. This means 

that people really need to have the right intent before they participate. An added benefit of 

the Fab Academy is that it is a form of decentralized education, participants are spread out 

through the Network in different Fab Labs, potentially enabling knowledge diffusion.  

  

However, when this potential is critically assessed in its current shape, it has to be argued 

that there are serious limitations to it. Given that sustainability is just one pillar, the bulk of 

the focus is on the aforementioned learning priority, namely technological competencies. 
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There is a further loss of potential, as Norella (coordinator of Fab Academy) illustrated in her 

interview, Fab Academy has a hard time retaining graduates in the Network as the graduates 

have a hard time generating a sustainable income within Fab Labs after graduation (Appendix 

B6). Arguably if this would be a governance avenue towards circularity, more focus should 

then be on circularity and they subsequently need to create better opportunities for these 

people so that they can actually contribute through their work. 

  

When referring to the gurus of the Network they can be seen as those strong individuals as 

described in the socio-technical analysis. This can refer to active individual Fab Lab Managers, 

people driving the regional networks or some of the key individuals behind the overall 

Network, such as Neil Gershenfeld of MIT and Sherry Lassiter of the Fab Foundation. In short, 

people that envision an overall goal and fully dedicate themselves to achieving that goal or 

vision. However, as mentioned earlier, none of these individuals has a vision that is fully 

geared towards circularity. This is further hindered as the ‘managerial tier’ is too busy focusing 

on the survival of their Fab Labs as sustainable business models are lacking, which will be 

detailed below. The same can be said for the ‘regional tier’ as these individuals also have to 

run their specific Fab Labs, besides taking a regional initiative. Furthermore, the ‘highest tier’ 

interact with the Network throughout their subsequent formal organisations. For Neil 

Gerschenfeld this is Fab Academy as he teaches the bulk of the program, and as such is subject 

to the same obstacles to circularity as just portrayed for Fab Academy. 

  

Then finally the Fab Foundation, their work is in support of growing the Fab Lab Network 

globally and strengthening the development of regional Fab Lab Networks. The governance 

output generated by them in support of this are blueprints to start a Fab Lab, a sparring 

partner in furthering the development and annual Fab Conference to facilitate knowledge 

diffusion. They do not have any financial support to offer as of yet. Albeit helpful for 

strengthening the Fab Lab Network, none of these activities are geared towards circularity. It 

must be noted that the annual Fab Conference added sustainability to their agenda. However, 

the interviewees note that even though the conference was created with the thought of 

global knowledge diffusion, the conference is primarily visited by people in close geographical 

vicinity and therefore has a limited effect on knowledge diffusion. Again, stressing that 
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regional networks as illustrated before might be the most suitable governance approach to 

knowledge diffusion.   

  

On a final interesting governance note, the findings indicate that it is a widespread belief that 

governance of the Network should be approached in a bottom-up manner. To illustrate this 

point, multiple interviewees voiced critique on the Fab Foundation for efforts to centralise 

governance. This is because centralizing governance goes against the values of many Fab Labs, 

namely serving local communities in the way that they see fit. If this tension is added to the 

different visions pertaining to the purpose of Fab Labs as illustrated above it can be argued 

that there is a general disagreement towards how networks should be governed, if governed 

at all. This is problematic specifically in the case of circularity as the above also illustrate that 

learning diffusion and vision towards circularity does not occur naturally. Thus, governance is 

arguably needed as there are no bottom-up initiatives stepping up to the task. However, 

having just analysed the different governance mechanisms present, none of them actively 

supports circularity as a goal. 

  

As such, it can be concluded overall that there are no concrete governance efforts to steer 

the Fab Lab Network towards circularity. The Fab Academy seems best situated given their 

focus on circularity, yet they experience barriers to govern beyond their education program. 

The gurus of the Network do not lack governance intent or vision yet are too busy focusing 

on the financial survival of their Fab Labs. The governance efforts of the Fab Foundation do 

help strengthen the Network however they are not geared towards circularity. While 

simultaneously, the desire for bottom-up governance is voiced, with no initiatives stepping 

up to this task. 

7.3.4 Funding and sustainable business models 

As has just been touched upon, a lack of funding in the form of sustainable business models 

is perceived as a barrier to dedicate time to overall goals (of circularity). As such, it can be 

argued that many Fab Labs are too focused on their financial survival to focus on circularity. 

It is therefore critical to assess this as to understand how certain business models and funding 

streams can enable that active ‘managerial tier’ to dedicate time to their overall goals. 

However, it must be stressed that no interviewees see circularity currently as part of any 
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sustainable business models, albeit there are some illustrations that see the inclusions of 

circularity as a potential to strengthen business models, as will be illustrated below. With this, 

it is stressed that the findings portray the current state of funding adequately and as such, 

the bulk of the analysis has been placed with the sections above. 

With regards to attracting funding from financial institutions, the Fab Lab Network has not 

yet managed to develop a narrative that naturally translates into the logic of the traditional 

financial institutions. This is substantiated by Christina Rebel (Appendix B14), who argues that 

venture capitalists and angel investors have still not learned how to invest in projects 

developed in Fab Labs, which are predominantly characterized by being open-source 

hardware) Just as they have had to learn how to invest in open-source software and 

applications, they must create due diligence processes that allow them to reap the benefits 

of open-source hardware and Fab Labs. This could provide an explanation for why the 

majority of Fab Labs struggle to attract funding from traditional funding institutions. 

Furthermore, Tom Salfied (Appendix B18) argues that the manufacturing industry specifically 

is very backwards in its mentality and has yet to understand the benefits of open source. This 

can be seen as a constraint on the ability for Fab Labs to attract funding from and collaborate 

with the traditional manufacturing industry in regard to circularity 

In regard to providing services to the private sector, the interviews mainly note the role of 

Fab Labs is seen as providing consulting services related to open innovation. Private 

companies thus do not engage with the Fab Labs for their potential in circularity. To this end 

May (Appendix B21), noted that this is due to a lack of awareness on the side of companies 

as to that potential. Furthermore, she expressed that she had no doubt that if that awareness 

was raised, there might be a potential business model in this as companies feel pressured to 

be more sustainable in their production. Therefore, it could be argued that there is an 

opportunity here for Fab Labs to both extend their consulting services to create more 

revenue, while at the same time putting more efforts towards circularity. Arguable increasing 

their expertise in this field, expertise that is overall lacking as has been illustrated above 

extensively.   
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7.3.5 Concluding remarks: analysis of internal dynamics 

First off, what can be concluded with regards to learning is that learning is mostly regarding 

technological competencies. Furthermore, learning towards circularity only occurs 

sporadically throughout the Network, and there are no functioning mechanisms in support of 

learning diffusion. As such there is no network or noticeable niche level learning as to create 

an external fit. Pertaining to vision, it must be concluded that there are multiple visions, held 

by multiple prominent actors. However, this divergence hinders network goal setting towards 

any goal.  This includes those most aligned with circularity relevant for the case, such a 

distributed production. 

Furthermore, the governance for achieving any voiced circular vision for the Network is also 

lacking as Fab City is focused on activating city officials and Fab Foundation is not geared 

towards circularity. Whereas Fab Academy cannot successfully retain graduates that could 

contribute, and the managerial tier is too occupied with survival due to a lack of sustainable 

business models and funding. These efforts are further hindered by the fact that people voice 

a desire for bottom-up governance, yet there is no evidence that this desire results in bottom-

up governance initiatives in support of circularity. Arguably this creates a tension as the lack 

of bottom-up governance does signal the need for effective governance to instil circularity, 

yet the Network is not receptive of this. 

Thus, this brings forth the question if it can be expected that the Network can be steered 

towards furthering the development of the circular innovations, as mentioned in the previous 

section? The answer appears to be no, it is therefore questionable if the Fab Lab Network can 

be characterized as a global niche towards circularity. As it seems, it does not have the niche 

stability for this. Therefore, it cannot be suspected that the Fab Lab Network will form a global 

niche in support of circularity as to influence traditional manufacturing, the internal dynamics 

in support of circularity are just too fragmented for this. This is not to dismiss the potential of 

the circular innovations as described in the previous section, however, the theory does state 

that a global niche is an important enabler for regime change. This will have an implication 

on what pathways are available to influence traditional manufacturing towards circularity. 
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7.4 Analysis of external dynamics   

It is within this section that all the above will be incorporated as to assess what pathways are 

most suitable for the Fab Lab Network to influence the traditional manufacturing regime 

towards circularity. Firstly, for a niche’s potential pathway to be successful or even possible, 

there must be a window of opportunity in order for the niche to breakthrough, which is the 

result of the level of stability of the niche versus the stability of the regime (Raven, 2016). It 

is therefore vital to consider the current stability associated with both the regime and niche 

in order to analyse which of the three pathways; Replication, Scale and Nice-to-Regime, to 

bring about some form of regime change. As will be detailed below, the lack of regime 

stability, as concluded above, does have serious implications to what extent the pathways are 

likely to occur. But before the pathways can be assessed the attention briefly needs to be 

turned to the current regime as to set the scene, after all the theory prescribed that change 

results from the interaction between the different levels (Geels, 2011). 

7.4.1 Regime stability 

As identified in the literature review, the current regime of manufacturing is in opposition to 

circular economy. As it is characterized by mass consumption, economies of scale and scope, 

and wasteful through a system enforcing a take-make-dispose consumption culture. 

However, it can be argued that the current regime of manufacturing is experiencing 

increasing pressures to change the status quo of mass production due to changing consumer 

awareness towards responsible and ethical consumption, the global conversation 

surrounding sustainability, and economically induced systemic shocks. Simultaneously socio-

technical landscape forces, namely the notion of the convenience economy, were noted in 

favour of the current manufacturing regime. 

As such, the argument can be made that there is the potential for regime instability to form, 

yet these pressures are currently building up, and the extent of the matter has not yet fully 

materialized. Meaning that according to the theory as prescribed by Raven there could be a 

potential for a niche to break through and influence the regime, but this needs to be critically 

assessed, especially given that the Network as a global niche towards circularity is deemed 

unstable. 
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7.4.2 Replication 

According to the theory, replication is the multiplication of innovation niches at the same 

scale by a dedicated group of actors (Seyfang & Haxeltine, 2012). Theoretically, as the 

Network would grow, it could either grow into a regime itself or grow to such a scale that it 

would catch the attention of the current regime, as a potential way to influence the current 

production paradigm underlying the current regime. 

  

As has been concluded above the Fab Lab Network is not a stable socio-technical 

configuration, mainly due to the divergence in visions, resulting in no coherent efforts 

towards circularity. This is a barrier to replication (Seyfang & Smith, 2007), as it hinders the 

replication of the social sub-system linked to a socio-technical configuration as there is no 

specific blueprint for it. It can therefore be argued that the replication potential of the Fab 

Lab Network lies currently within its unique set of technologies. The reason for this is twofold, 

this technical configuration is well documented as such the Fab Foundation provides 

blueprints specific blueprints for replication. Secondly, their efforts, through the Hyper Lab in 

Kerala, have brought down the costs of replication significantly. 

  

However, the ease of replication of purely the technological configuration will not contribute 

to building the trial for circularity. It has been proven above that the contribution towards 

circularity is dependent on the intent of the people using the technology. As such, it has to be 

pinpointed who within the Fab Lab Network could support replication in a circular manner. It 

can be argued that there is one notable initiative which could be linked to technological 

replication as a way to steer the Network towards circularity, namely the Precious Plastics 

initiative. If the technologies associated with the initiative would be added to the blueprint as 

handled by the Fab Foundation, and if these technologies are seen as a prerequisite to joining 

the Fab Lab Network then the argument could be made that technological replication would 

be geared towards circularity, lessening the dependence on intent. 

  

According to socio-technical theory and analysis, this would result in more affordances 

towards circularity. Accordingly, it could be argued that if the vision of widespread distributed 

manufacturing is realized through these specific replication pathways, there is the potential 

to grow into a circular production regime on its own. Given that production of scale and scope 
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is not needed as it would serve to fulfil individual production needs only. However, such a 

regime could not serve as a replacement of traditional manufacturing, as has been pointed 

out before there are limits to the complexity of what can be produced through these 

technologies. As such, the best that could be achieved currently is an alternative production 

regime that could fulfil simply hardware needs. Not a very feasible contribution towards 

circularity, given that no interviewee mentioned interest from people to fulfil their own 

hardware needs through Fab Labs who are primarily pertained to hobbyists and 

entrepreneurs. For this latter group, it already has been established that Fab Labs cannot 

support them as they move from prototyping to production. 

  

Furthermore, adding these technologies to the technological configuration does not 

necessarily mean that they will be used in this complementary manner. The core technologies 

currently associated with a Fab Lab can still be used in an unsustainable manner, through the 

use of unsustainable materials as production input. Given that in the internal analysis, it was 

found that learning pertaining to digital literacy was limited it could be argued that increasing 

the complexity for everyday use by adding these technologies might amplify this. As such, it 

has to be concluded that if replication is achieved as hypothesized above, a way must be 

found to replicate a social sub-system in support of circularity as well. 

  

The only intermediary that could potentially help with this is the Fab Academy. Given that Fab 

City does not support replication at all, Fab Foundation does, but just technical replication 

and the managerial tier is too busy with the survival of their individual labs to focus on 

replication. Fab Academy, on the other hand, instils a culture of sustainability and emphasizes 

the importance of documentation. If the graduates would decide to start their own Fab Labs 

(replication) they would be more inclined to do so in a circular manner. However, they are 

not actively steering their graduates towards this, as such it again has to be concluded that 

replication towards circularity as described above is unlikely to happen. 

  

On a final note, the role of universities and their potential for replication has to be considered. 

The hyper Fab Lab in Kerala is specifically geared towards technological replication of Fab Labs 

hosted by engineering and technical colleges in India. So active efforts in replication are 

already taken in favour of universities. Furthermore, they are not plagued by the barrier of 
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sustainable business models. While at the same time, they will most likely also take note of 

the global sustainability conversation and adapt their curriculum in support of this. If the 

complementary technologies, as described above would then be incorporated in this 

replication effort. It could be argued that this contributes to a shift in traditional 

manufacturing as it will, on the one hand, strengthen the Fab Lab Network as an innovation 

system towards circularity. While on the other hand, graduates would take these circular 

cultures and values nurtured in these Fab Labs with them as they seek employment on the 

market.  

  

As such, it can be concluded that the technological sub-system lends itself for replication, but 

that there is a barrier to replicating the social sub-systems in support of circularity. Therefore, 

replications as of now will not contribute to a shift in traditional manufacturing. Neither 

through the establishment of their own regime or influencing the current regime, given that 

niche stability is a barrier to attracting their attention. However, there is an opportunity with 

university labs to stimulate replication towards circularity, as they might feel the same 

pressures as the regime and do not have the financial barrier, but again only if the 

complementary technologies towards circularity are integrated in the blueprint.   

  

7.4.3 Scaling up 

This pathway pertains to the scaling up of the socio-technical configuration that is held within 

a niche. Traditionally this scaling is then classified as economies of scale from a production 

perspective, as illustrated by the example of sustainable housing practices (Seyfang, 2010). It 

can be argued that this pathway in this specific sense is not available to Fab Labs. As has been 

emphasized multiple times by interviewees and throughout the analysis, there is a clear limit 

to the production capabilities of a Fab Lab, Fab Labs are better suited for prototyping or small 

batch production. It is therefore questionable if Fab Labs can ever compete with mass 

production based on this traditional production logic. 

  

It was mass-production and its negative externalities that were presented by the literature as 

the negative status quo, and it was the hope that Fab Labs could potentially provide an 

alternative for this. Given the above, the minimal pressures on the mass production regime 



96 
 

and keeping in mind the perceptions of the interviewees, it can be concluded that this is not 

the case. However, it can be argued that Fab Labs make the case to market players that there 

is something to say for distributed production. As their intake of entrepreneurs grows, they 

instil upon them a digital literacy related to digital manufacturing. Creating an important 

cultural foundation upon which these entrepreneurs want to build as they move from a 

prototyping phase to a production phase, thus creating a market for distributed production 

facilities. Not surprisingly an interviewee noted a market reaction to this, namely the creation 

of a larger scale production facility in Denmark, utilizing the same technologies as used by the 

Fab Labs. As such, it can be argued that Fab Labs will not scale themselves, but they do build 

the case for scaling. 

  

It again has to be stressed that distributed production is only part of the answer when a future 

economy based on circular production is envisioned. As has been argued before, a stronger 

case has to be made for circularity if this pathway is to move forward in this direction. But as 

this strategic direction is currently missing, there is a case to be made for those noted 

individuals and innovations that do want to create businesses embodying circular principles. 

Afterall the theory dictates that part of scaling is commercialization, in this case, the 

commercialization of circular principles, as to leave the niche and compete with the regime 

on the marketplace. As such these individuals that drove the creation of companies such as 

Fairphone and WASP align themselves with this pathway. 

  

If this pathway is to be considered to drive a bigger contribution towards circularity resulting 

from the Network as an innovation space, Fab Labs need to better accommodate these 

entrepreneurs. In doing so, Fab Labs might have to forgo some of its core principles to allow 

these companies to flourish. This refers for example, to the clashing logic between traditional 

funders and Fab Lab logic. Even though it can be expected that such funders will catch on 

eventually as was the case with open-source software, this is not the current reality. 

Therefore, it can be argued that if Fab Labs would like to stimulate ‘circular’ entrepreneurs 

now, they need to allow these specific entrepreneurs not to adhere to some of their core 

principles. If such promising commercialization efforts do arise, this should be appreciated, 

and an effort should be made to de-link them from the clashing logic of the Fab Lab Network 
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so that these companies can better perform within traditional market logic i.e. attracting 

funding. 

  

As such, it can be argued that there is an opportunity to create niche stability towards 

circularity, pertaining to the level of individual Fab Labs. Which, in theory, could then allow 

for the ‘promising technologies’ quadrant of Raven’s metrics to materialize as a basis for the 

scaling-up pathway (Raven, 2006). This is specifically promising for the mainstream 

innovation streams as analysed above, as opposed to entrenched grassroot innovation, and 

if the above-mentioned de-linkage can be further accommodated. Given that adhering to 

market logic would give them a better basis to compete with incumbent regime actors. As 

such it can be argued that this pathway as detailed above, in part, could overcome the overall 

instability of the Fab Lab Network as a global niche, while honouring the specific innovations 

as analysed in the second part of the analysis. If this is then further substantiated according 

to the logic of the MLP theory, there is an argument to be made that this will benefit the 

entire Network in the long run. Given that there will be companies that adhere in part to both 

Fab Lab logic and market logic. Potentially, sparking interest by incumbent regime actors, 

which the replication pathway cannot do for the case at hand. This could then create 

opportunities to nurture niche to regime learning, which is the third pathway, which will be 

detailed below.  

  

7.4.4 Niche-to-regime learning 

This third pathway relates to translations of practices that can be made from the niche to the 

regime, referring to higher institutional levels within the regime that take over some of the 

problem frames and practices of the niche (Boyer, 2014). In the previous sections, it has 

already been illustrated how the Fab Lab Network might catch the attention and potentially 

create interactions with regime actors. Yet this section will take this analysis one step further 

by looking at the specific dimensions within which these interactions might result in niche to 

regime learnings. The dimensions being guiding principles & culture, technologies & industrial 

structure, user relations & markets, policy & regulations, and knowledge (Smith, 2007). 

An attentive reader might by now might question what the value of this exercise would be 

given the high niche instability and limited concrete efforts towards circularity. However, it 
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can also be argued that due to the fact that efforts are so sporadic towards circularity it is 

valuable to pinpoint the exact dimensions through which wider regimes can occur if it is the 

hope that the Fab Lab Network can influence traditional manufacturing towards circularity. 

In doing this exercise some general underlying dynamics have to be kept in mind, namely that 

niches might have to step away from their vision or narrative as to connect with regime 

actors. When a niche is too similar, it will not inspire translation, whereas a radical niche might 

demand too many fundamental changes. It is therefore important that niches find a middle 

ground as to overcome contrasting socio-technical dimensions (Smith, 2007). 

7.4.4.1 Guiding principles 

When looking at the guiding principles of the Fab Lab Network an interesting common ground 

can be found in the voiced goal of reskilling and upskilling people. Interviewees note that due 

to the digitalization of industries, companies are in need of people with skills in digital 

fabrication. Thus, you see the technologies used by the Fab Labs used in an advanced manner 

by manufacturers. Given that the main learnings occurring within the Fab Labs are regarding 

technological competencies in digital fabrication, it can be argued that the Fab Lab Network 

is ideally positioned to help with this. This potential has already been noted by some of the 

governing entities as described above, to this end Fab Foundation started educational Fab 

Labs for Chevron (Appendix B1). This is further substantiated by the earlier mentioned natural 

fit with universities. As such it can be argued that this middle ground in education, based on 

the principles of reskilling and upskilling, provides a very suitable dimension through which 

insights with regards to circularity can be translated to the regime. This might stimulate an 

incremental wider regime change, as people upholding values would work in incumbent 

regime actors, creating a potential bottom-up approach to changing manufacturing. 

7.4.4.2 Underlying technologies and industrial infrastructure 

The next dimensions pertain to the underlying technologies and industrial infrastructure, the 

latter referring to production processes as illustrated by the theoretical framework. 

Regarding technologies, it can be argued that there is a limited opportunity to transfer 

learning from the niche to the regime. Even though it has been noted by interviewees that 

traditional manufacturing has an increased interest and usage of additive manufacturing 

technologies, such as 3D printing, there is a difference in the complexity of the underlying 

machines. Traditional manufacturers make use of complex industrial-technological 
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configurations that lend themselves better for production at scale, as has been illustrated in 

multiple interviews. Whereas above, it has been proven that the Fab Lab Network does not 

deliver the same complexity. 

  

If anything can be argued in regard to niche to regime learning, it is that there is a danger 

here that the Fab Lab Network can lose some of the circular potentials that it currently holds. 

To explain this chain of thought: interviewees note the ‘convenience economy’ as a barrier, 

Fab Labs cannot support the production phase of entrepreneurs. Yet there has only been one 

mention of a realized local micro-factory that could facilitate this next phase, keeping in mind 

that distributed manufacturing in such a fashion is part of the circular answer presented by 

Fab Labs. Simultaneously traditional manufacturers in regions such as China use additive 

manufacturing technologies, which are compatible with the same data input needed for the 

digital fabrication technologies underlying Fab Labs. In theory, entrepreneurs can just send 

their designs to these mass-production digital fabrication hubs and get their hardware 

shipped back. Adding to this is the fact that the company (Wikifactory) behind FabLab.io, 

which currently forms a registry of all Fab Labs around the world, is building an interface 

exactly for the purpose as prescribed above. Reaffirming that it will be crucial to anchor 

circularity culturally if the budding momentum of the Network towards circularity is to be 

protected. Especially, given the fact that the respondents note local micro-factories as a 

potential future scenario. 

7.4.4.3 User relations and markets 

The next set of dimensions to look at are those of user relations and markets. Regarding these 

dimensions, the theoretical framework illustrated that traditional manufacturers primarily 

service mass markets with passive consumers. However, the interviewees illustrate that Fab 

Labs user relations merge the notion of consumers and producers, resulting in prosumers. In 

short, the former can be classified as one market for many, whereas the other offers many 

markets for one, characterized by the opportunities for mass customization available for 

everybody willing due to the technological affordances of Fab Labs. 

  

There is a potential common ground through which circularity might potentially translate to 

the regime. As has been mentioned in the introduction of this section, there is the perceived 



100 
 

pressure of increasing consumer awareness towards sustainability and simultaneously 

interviewees note an increased interest in mass customization by consumers. Logically 

extending these findings, it can be argued that there is an opportunity here for Fab Labs to 

create a common ground, say mass production of hardware exoskeletons, with 

customizations locally produced and added, potentially preventing the mixture of materials 

that could hinder recycling, as illustrated by the circular design principles mentioned earlier. 

However, it has to be stressed that the current data does not lend itself to this extent as to 

back up this argument. Therefore, it must be concluded that currently, there is no opportunity 

for translation through this dimension. 

7.4.4.4 Policy & Regulations 

This dimension pertains to specific policies and regulations that are favourable to regime 

actors, but that might enable or hinder the socio-technical configuration within a niche. 

Naturally, there is a high degree of diversity in this depending on the geographical location of 

the Fab Labs. As such, given the sample size and the limited insights voiced regarding this by 

interviewees, it would not be valid to make any strong assumptions about this. However, the 

theory does prescribe that niches that do not have the right backing, which in this case has 

been illustrated by the traditional financial institution’s argument, do receive less attention 

from policymakers (Bergman et al., 2010). To this end, one interesting remark made by Sherry 

Lassiter (Appendix B1) can be noted. Namely, in their efforts to influence the National 

Governors Association in the United States, to establish Fab Labs in their constituencies, 

banked on their connection to MIT. As such, it can be argued that currently, the alignment 

with universities is the best option to garner policy attention, as these are recognized 

traditional institutions. 

7.4.4.5 Knowledge generating 

This dimension of knowledge relates to knowledge generation and how this might be 

translated to regime actors, as such, it naturally has a function throughout all dimensions. 

One instance of knowledge generation that is particularly valuable given the context of 

circularity and as such important to mention here is the knowledge generation surrounding 

organic materials. The argument has been made that these materials might be to locally 

embedded. However, an attentive reader might have noticed the some are based on the 

usage of local organic waste streams, namely waste products from the fishing and poultry 
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industry. These are in a sense ‘global’ local organic waste streams due to the fact that these 

industries are common in quite a lot of different geographical areas. 

  

As regime actors become pressured by the sustainability shifts occurring at the socio-

technical landscape-level it can be argued that this knowledge within using organic materials 

as production input to digital manufacturing tools might become of interest to them. 

Especially as these specific examples are not too locally embedded and are widely available, 

meaning the limited capacity of Fabs would not hinder to overall supply. Given some of the 

above findings, it could actually be argued that there is an opportunity. Namely, companies 

are interested in the Fab Lab Network for its open innovation competencies, organic materials 

would be integrated into this there is then an opportunity to translate some of these insights 

to regime actors. 

  

On a critical final note to conclude this section, it has to be noted that these translations will 

not occur throughout the Network. Only Fab Labs that see regime actors as part of the 

solution will be likely to contribute to this. For example, all the interviewees linked to Fab 

Foundation, Fab City, Fab Academy and the gurus, might be Fab Lab or regionally specific, 

note that companies need to be part of the solution. However, interviewees also note time 

and again that there are activist tendencies within the Network that would rather see 

traditional manufacturing destroyed. As such they argue that regime actors cannot derive 

learnings from the trial for open-source distributed manufacturing that they are building, as 

this serves as the replacement of traditional manufacturing in its entirety. This signals that 

there are elements of the Network that are too radical and demand too many changes. This 

is an important consideration, as the theory prescribes that these activist tendencies might 

lend themselves for replication, but that under these circumstances’ translations cannot 

happen (Smith, 2007). Moving forward, if a more consolidated effort would be created 

towards translating the circular potential to traditional manufacturing actors, it has to be 

realized that this most likely has to be driven by sub-niches within the Fab Lab Network. 

Pertaining to the above four governance entities and their associated Fab Labs. 
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7.4.5 Concluding remarks: Analysis of external dynamics   

It was within this section that the innovative dynamics of the Fab Lab Network, in light of the 

earlier concluded niche instability, were analysed to see what potential pathways there are 

available to influence the current manufacturing regime towards circularity. To this end, it 

can be concluded that the technological sub-system lends itself well for replication and that 

there is even an opportunity to include circular technology into the blueprint that could 

strengthen the affordances towards circularity. However, there is no indication that a social 

sub-system specifically towards circularity can be replicated as well. Therefore, it has to be 

concluded replication is currently not a viable pathway through which the Fab Lab Network 

can influence the current manufacturing regime. Yet it has to be noted that there is an 

opportunity with university Fab Labs to instil circularity in their students given the current 

socio-technical landscape shifting towards sustainability, this might have a probable 

downstream potential to influence the current regime as students seek employment.  

It can be concluded that of the three pathways, most potential lies with the scaling-up 

pathway. It embraces the Fab Lab Network as a diverse and unstable innovation ecosystem 

that could contribute to circularity. By facilitating circular entrepreneurs to grow into circular 

companies that allow for market competition with the current regime. However, it has to be 

noted that the actual competition and its success was not within the scope of this research, 

as such, this argument would need to be further explored. Furthermore, if a bigger impact is 

to be achieved more focus should be on nurturing these entrepreneurs, which is unlikely given 

that it would require a divergence from some of the Networks core principles, such as open 

source. Therefore, currently, it can only be expected that these innovations occur naturally, 

but this will not be a coherent effort. 

 

Lastly, it has to be concluded that niche to regime learning is most promising for the guiding 

principles and the knowledge dimension. The latter as pertaining to new uses of organic 

materials in production. In light of the current pressures on the regime, more efforts should 

be undertaken to get the Fab Lab Network recognized for this potential. The former 

pertaining to upskilling and reskilling as a shared vision, however even though this is an 

opportunity it is not geared towards circularity as of yet. Furthermore, it has to be argued 
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that the potential to influence the regime will not be a network-wide effort, only actors within 

the Network that see regime actors as part of the solution can be expected to contribute. 

These three opportunities, building on top of all the analytical sections and their respectively 

concluding remarks has been captured in Figure 10: 

 

 

 Figure 10. visualisation concluding remarks. Source: own creation  

 

As such, it has to be concluded that if an influence in the current manufacturing regime is to 

take place it will be an emergent transformation as opposed to a purposive transformation 

(Geels & Schot, 2007). Uncoordinated and incremental with no coherent effort to influence 

the regime and no desire to do so. It appears that even though the technology allows for it 

the social network does not want to be steered, influencing the regime towards circularity is 

as such a positive by-product, a happy coincidence so to say, rather than a coordinated effort 

of the Network.  
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8. Discussion  

The following chapter will discuss the theoretical and empirical findings presented in the 

above analysis. The first section will discuss the implications of the analytical findings of this 

research and how these may influence the future of the Fab Lab Network. Additionally, the 

limitations of theory and these may influence the conclusions of this paper. Finally, examples 

of future research, in the form of expanding and digging deeper into particular findings, will 

be discussed.  

8.1 The Future of the Fab Lab Network  

The analysis of this paper further substantiates that Fab Labs are to be seen as a neutral space 

that can be moulded by its users through their intent and interaction with the technologies 

within the labs. Thus, it is interesting to discuss whether a Network that has no barriers 

dictating circularity can be expected to create a vital influence towards circular manufacturing 

and fulfil the potential identified.  

 

As concluded above, the Fab Lab Network is characterized, as a niche with high instability 

which is highly dependent on key individuals to drive forth circularity within the Network, 

through their personal intent. This results in there being no current evidence of an effective 

governance towards circularity within the Fab Lab Network. Additionally, as presented in the 

findings section ‘Impact & Future Scenarios’ interviewees do not associate the Fab Lab 

Network’s future pathway with circularity, thus signalling little intent in the direction of 

circularity. It can, therefore, be argued that for circularity to become more widespread within 

the Network it would require a top-down governance effort. However, the majority of the 

interviewees expressed a strong adherence towards bottom-up governance and saw any 

efforts of top-down governance as going against the core values and purpose of the Network, 

thus hindering the potential of an effective collective governance effort towards circularity.  

 

The Fab Lab Network should thus rather be seen as a network of technological empowerment 

which tries to lower and ultimately break-down barriers, which enable the right people to 

take charge of their own and the immediate environment’s needs and desires based on the 

technologies within the Fab Labs. Many of the technologies associated with traditional 

production are viewed as a black box to people, and it is this increase in the individual’s digital 
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literacy which allows individuals to open up the black box, which is to be seen as one of the 

major purposes of the Network. The Fab Lab Network should thus, be viewed as a 

transformative innovative network, which despite indications of input towards circularity and 

the structures allowing for personal freedom and intent, shows evidence of there being many 

other streams of social impact present that may not gear the movement towards circularity.   

 

As a result of this, the Fab Lab Network should be seen as an innovation ecosystem uniquely 

geared towards social impact. Even though there was limited evidence that circularity was 

included in this, there is ample evidence of social impact innovation. Arguably it is in this 

diversion that their potential to do good lies and not just in a single classification such as 

circularity. This is something that should then be nurtured, a narrow focus on just circularity 

might reduce the overall positive impact it can have, in areas such as citizen participation, 

entrepreneurial empowerment, and education.  

 

Following this chain of thought, The Fab Lab Network can as such be compared to a personal 

computer, as stated in the ‘Future Scenarios’ section of this paper. As the current internal 

dynamics of the Fab Lab Network make it accessible and cheap to use, providing users with 

the freedom to use the Fab Lab to their own intent, similar to a person's usages of their laptop, 

yet within a social network that intends to have a social impact. This freedom of use and 

accessibility has still to be expanded to the same extent as a personal computer. To this end, 

it is promising that the Fab Labs see being an ‘Educational Space’ as a future scenario to 

proactively draw more people in and increase digital literacy.  

 

The potential of it has yet to unfold, but it is really exciting. Keep in mind, computers used to 

be something extremely expensive, only a few could use it for knowledge generation, yet now 

everybody has the tools to create new knowledge in their own hands. However, computers 

were not exclusively developed in a social impact community; the technological configuration 

of Fab Labs are. As such holding great potential to unlock the capabilities of many to innovate 

and generate knowledge and physical applications towards good, again stressing the 

importance to not enforce circularity as a single goal, but let it happen organically, in this 

manner new organic material applications and new companies akin Fairphone and WASP are 

bound to arise from the Network in the near future. 
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This is not to say that there is no potential towards circularity beyond these singular 

innovations. Indeed, it was hoped that the current influence of the Network towards 

circularity was more fundamental, given its exponential growth and technological 

affordances. However, they still have the potential to demonstrate a fundamental shift in 

production towards a model that is, in part, more circular, namely distributed production. As 

regime pressures towards sustainability increase, there is validity in the fact that some in the 

Network see themselves as a ‘transitional vehicle’ towards a new production network. Albeit 

at a different scale, but they are building the blueprint for easily replicable production 

distributed digital fabrication facilities, compatible with global data flows instead of global 

material flows.  

 

As of date, there is no other Network that builds the trial (intentionally or unintentionally) for 

this at the same scale. As such, it really has to be stressed that regime actors should not see 

the Fab Lab Network as an interesting ecosystem to sometimes source new organic materials 

or acquire an interesting start-up to stay relevant. They also need to keep an eye on the 

fundamental shift in production that the Fab Lab Network is proposing, or at least 

incrementally building the case for. Disruption as an alternative production regime or a future 

scenario as ‘Micro Factories’ might not be expected, given the limited production capability 

and focus on just prototyping, but the case is there, nonetheless.  Realising that this only has 

some elements aligned with circularity, it will be really interesting to see how this could form 

a future base to a future production system that is at least in part more circular.   

8.2 Limitations of the Theory 

The following section will discuss the limitations of the theories applied in this research. It is 

evident that there are parallels to be drawn between the above discussion of the Future of 

the Fab Lab Network and the implications realised by the limitations to theory.  

 

The combination of theories applied to this research can be argued to be done in order to 

minimise the limitations related to each of the theories and create a structure that allows for 

the answering of the research question. However, retrospectively it is evident that the 

theories applied to this paper still hold limitations influencing the conclusions deduced from 



107 
 

the analysis. The following section will depict the limitations found in the theories after 

conducting the analysis and will further discuss the implications of these limitations.  

 

The theory applied to this paper states that as a prerequisite, you need the development of 

a global niche to have a systemic impact. Unless the niche holds a disruptive innovation, it is 

viewed as too far away from the regime to create an impact. As the research looks at 

incremental innovations, as the technology already exists, this is not the case for the Fab Lab 

Network.  It can thus be argued that the theory does not allow for an analysis of the potential 

and value of the Network in all of its diversity, complexity and divergence, as this could 

constitute niche instability, but has previously argued it is exactly this which constitutes the 

value of the Fab Lab Network. Retrospectively this limitations should also be seen as a result 

of the researcher’s own research bias; as the researchers noted a global movement it was 

taken as a marker to emphasis a global niche in our theoretical framework in order to make 

the theory applicable to our case, however in hindsight, it is evident that has limited our 

potential to analyse the case in all of its complexity. 

 

However, from the above analysis it is clearly evident that the Fab Lab Network does create 

value, but due to the Fab Lab Network being a divergent innovative network, it is challenging 

to depict precisely the value of the Network. As this limitation was evident from the outset of 

this paper the Grassroot theory (Seyfang & Haxeltine, 2012) was implemented to allow for a 

more detailed analysis of the Fab Lab Network. However, this theory still demands that the 

global niche and regime consolidate to create a systemic impact, and as argued in the analysis 

this cannot be expected from the Fab Lab Network and the current manufacturing regime.   

 

In contrast to a consolidation, the findings show indications of a wish to detract from the 

regime.  With the Fab Lab Network’s emphasis on localisation it has previously been argued 

that the Fab Lab Network wishes to reduce its own and its communities’ dependence on the 

global value chains associated with the regime. This is especially emphasised in the future 

scenario ‘Micro Factory’ voiced by the interviewees. Stated as an almost utopian scenario, 

interviewees wish to see the Fab Labs replace traditional mass manufacturing with local 

production. Despite this scenario being described as a scenario far out in the future, it can be 

argued that the notion of local production is a core goal of the Network.  This wish to detract 
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from the regime may also provide evidence as to why we see a large group of activists within 

the Network.  

 

This focus on the actors within the Network further highlights a limitation of the theory. As 

concluded in the analysis above the theory by Raven (2006) depicts the Fab Lab Network as 

an unstable niche. However, as found in the findings section ‘Circularity’ there are still 

indications of a positive output towards circular production, these primarily stem from the 

social sub-system of the Network, in the form of culture, awareness, values and the 

individual’s utilisation of the technologies. Thus, it can be argued that a limitation of the 

Global Niche theory (Raven, 2006) is that it does not value a niche whose impact is primarily 

within the social sub-system as the theory demands a strong technical element to be present 

within the niche for it to be regarded as stable.   

 

From the above discussion, it is evident that there are still limitations present within the 

theory applied, however, these also lead to potential further research which can further 

unfold the potential impact of the Fab Lab Network.  

8.3 Future Research 

This paper provides contextual answers to which extent the Fab Lab Network influences the 

traditional manufacturing towards circularity. Due to the initial scope and limit of time there 

are still many interesting avenues to explore in further research. The following section will 

exemplify potential future research which have risen out of this research.  

 

Building on the limitation and the analysis of this paper a natural extension of this research is 

to expand the study to include a large sample size, with a special focus on including regular 

users of the Fab Labs. As this paper has determined, circularity is highly dependent on the 

intent of the individual and it would thus be interesting to investigate whether this intent 

exists in a wide variety of members of the Fab Lab Network. This research would best be 

conducted as a quantitative research to capture a wider audience and allow for a 

segmentation on geographical distinctions and test a wider variety of variables associated 

with circularity. 

 



109 
 

Additionally, as the research concludes, the Fab Lab Network’s members want bottom-up 

governance and believe that it is the diversity and local embeddedness of the individual labs 

that enable them to create an impact. However, this research has shown interesting 

indications of the regional networks playing a significant role in uniting Fab Labs at a regional 

level. A future research could thus concern itself with the mapping of these regional networks 

and if they could be further utilised in support of circular production.   

 

Finally, in the ‘Circularity’ findings section of this, paper multiple interviewees indicated a 

connection between geographical location and circularity. Arguing a connection between the 

Fab Labs which were detached from the global supplies had a better incentive to innovate to 

increase the local materials and those situated in the developed world were more prone to 

uphold the status quo due to convenience and for example order new filaments when 

needed. As the analysis above concludes, it is the intent of the individuals within the Network 

which determines what is pursued within each Lab, it could thus be of interest to research 

whether this indication of a geographical difference in regard to circularity can be further 

substantiated.  

8.4 Implications of Covid-19 

In light of the current Covid-19 pandemic that is currently affecting the world, the Fab Labs 

around the world have joined in to help. The primary contribution so far has been the 

production of simple hardware components such as straps needed to secure a face mask and 

visors. The Fab Labs response came after enormous pressures were put on the global supply 

chains delivering components needed for personal protective equipment (PPE) 

(transportgenderobservatory.eu).  

 

This development is interesting for multiple reasons, as this crisis might be a great platform 

for the Network to attract attention from regime actors which they are currently missing. It 

would furthermore be interesting to study the impact of Covid-19 as it can be noted that the 

Network is rallying around Covid-19 response. Lessons might be drawn from this as to assess 

how people can be incentivized to rally around the topic of circularity. 
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Furthermore, a parallel can be draw with the 2008 financial crisis. As a result of that Fab Labs 

saw a significant increase in users as to stimulate entrepreneurship. Given that 

unemployment is expected to be even more significant than in the 2008 financial crisis 

(Valladares, 2008) it would be interesting to see the increase in users as a result of that, and 

how this might benefit the Network. More users, more awareness, more possible diffusion of 

the potential good the Network can do, more support and resources to be activated in 

support of that, is just one chain of thought that comes to mind.  

8.5 Limitations  

The following section depicts the limitations found when retrospectively assessing the choices 

made in this research. The listed limitations are not to be viewed as an exhaustive list but 

represent some of the most important limitations to consider when revisiting the research. 

The primary focus of the limitations is on the methodological choices made and how they 

impact the analysis of this paper.  

 

8.5.1 Qualitative methods  

Desai & Potter (2006) argue that qualitative research in the form of interviews is open to 

biases as the interviewer and researcher may impose their own biases during the interview. 

For the purpose of this research semi-structured interviews were utilised to provide a 

structure as well as allowing the interviewees to bring in topics they saw relevant for the 

theme. Additionally, the MAKE-IT data was utilised to support findings found in the interviews 

as well as point to any discrepancies found in the data.  

 

8.5.2 Sample group & Interviewees  

There are several limitations associated with the sample group of this research. Firstly, it must 

be noted that due to the majority of the interviewees’ position within the Network this 

research can primarily substantiate claims at the managerial level in relation to the Fab Lab 

Network as a socio-technical system. A decision was made to pursue individuals within the 

Fab Lab Network who were deeply entrenched in either their own Fab Lab or within one of 

the major entities such as Fab Foundation, Fab Academy or Fab City. Additionally, three 

interviewees were purely rooted within the academic world. This was done in 
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acknowledgement of the complexity of the case, and in the belief that this sample of 

interviewees allowed for the best overview and understanding of the Network as a global 

network, given the scope and time limit of the research.  

 

Additionally, it must be acknowledged that the academic interviewees may have influenced 

the objectivity of researchers, by presenting their own research and thoughts associated with 

the Network. It must be stated that the three aforementioned academic interviewees were 

approached for interviews precisely due to their research of the Fab Lab; thus, it can be 

argued that we as researchers were aware of their potential influential bias, due to their own 

research. Additionally, this large presence of academics can also indicate a movement that 

naturally attracts academics, thus naturally being a part of the sample group.   

 

Furthermore, as the Fab Lab Network was still new to us, we relied on interviewee's 

recommending other members to interview thus creating our sample group. This may have 

resulted in a biased depiction of the Network, as interviewees may have recommended like-

minded peers within the Network. However, this use of finding interviewees based on 

recommendations allowed us to contact members of the Network we would otherwise not 

have known existed or would have been unable to get access to.  

 

Finally, it must be noted that it was not until late in the interviewing process that the 

importance of regional networks was identified. This resulted in some geographical regions 

being underrepresented or not present at all. This may result in data skewed in favour of 

some regions. However, as the importance of the regional networks is presented as a finding, 

and no regional distinctions are made in the analysis, this limitation can be argued to have 

limited effect on the outcome of this research.   

8.5.3 Empirical setting  

For the purpose of answering the research question, the Fab Lab Network is benchmarked 

against the regime. However, it must be noted that no interviewees who can be identified as 

representing the mass manufacturing regime are part of the interview sample group. The 

definition of the regime of mass manufacturing is constructed based on the findings in the 

literature review and prior research done for this research. This should be seen as a 
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generalisation with the acknowledgement that often a regime is not homogenous but rather 

is complex and experiences high divergence.  

 

Additionally, it can be argued that the Fab Lab Network is difficult to research in isolation to 

the rest of the wider ecosystem of the Maker Movement, as many of the characteristics and 

technologies can be viewed to be interwoven with other players within the Maker Movement. 

However, due to the unique institutional entities such as the Fab Foundation and Fab 

Academy, it was determined that the Fab Lab Network was still characterised by a higher level 

of institutionalism and thus, could be separated from the remainder of the Maker Movement.  

8.5.4 Data collection  

As the researchers must enact both researcher and interviewer, it is crucial to be aware of 

how one’s own biases may have influenced the answers of the interviewees (Desai & Potter, 

2006). As argued by Desai and Potter (2006), even researchers who set out to be neutral will 

still have their own agenda. In the case of this research, assumptions about the Fab Lab 

Network were made, assuming both an established community with signs of institutionalism, 

which may have biased the interaction with the interviewees and the interview guideline. 

Therefore, it was also crucial to be aware of this throughout the data collection and alter and 

align the understanding of the Fab Lab Network with that of the interviewees.  

8.5.5 Data processing  

The data processing phase may be subject to various cultural and knowledge barriers 

potentially, creating bias assumptions and findings (Desai & Potter, 2006). These may be 

present in the educational background of the researchers have as well as the existing theory 

and knowledge known to the researchers.  Hsieh and Shannon (2005) further argue that 

content analysis utilising a deductive approach poses challenges. Approaching the data 

strongly rooted in the theory may create biases despite being knowledgeable on the subject. 

Additionally, an inductive approach can lack structure and can be very time consuming (Hsieh 

& Shannon, 2005).  

 

An abductive approach to data processing was utilised to circumvent the pure focus on theory 

and still allowing the data to present itself as free of bias and as nuanced as possible and 

allowing for nontheory units to come to light.  
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9. Conclusion 

The motivation behind this thesis was to look into how the current traditional linear 

manufacturing system, characterised by mass-production and negative externalities, could be 

influenced towards a more circular system. This motivation was derived from the 

understanding that business, as usual, is simply not sustainable, and thus no longer an option. 

While simultaneously realising that current changes in production systems are too slow given 

the unprecedented climate crisis that the world finds itself in. Due to the scale, scope and 

urgency of this challenge it was estimated that it ought to be a global phenomenon, proposing 

something radically different, that would hold the potential for a systemic shift towards a 

circular economy. 

  

Therefore, the Fab Lab Network, as a global network of distributed digital fabrication 

laboratories, came into view. Not only due to its global scale, but also its natural alignment 

with circularity and its social innovation characteristics. As to quote the founder of the Fab 

Lab Network ‘’The real opportunity is to harness the inventive power of the world to locally 

design and produce solutions to local problems’’ (Gershenfeld, 2016). In order to assess this 

opportunity, 21 interviews were conducted with key actors of the Network, resulting in 322 

pages of data. In order to conduct an in-depth analysis into this data, to assess the circular 

opportunity harnessed by the Network, the following research question was formulated: 

  

To what extent can the Fab Lab Network influence traditional manufacturing towards 

circularity? 

  

To offer a theoretical basis that would enable the assessment of the systemic scale of this 

question, socio-technical transition theory was brought in, focusing on the Multi-level 

Perspective. This was geared towards Strategic Niche Management, as to show appreciation 

to the Network for its potential as an innovation niche. This was strengthened by bringing in 

Mainstream and Grassroot Innovation considerations, as to honour the innovative diversity 

harboured by the Network. 
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Based on this theoretical foundation, the analysis was divided into four sections; namely the 

Network as a socio-technical system, the Network as an innovation system, the internal 

dynamics of the Network and the subsequent external dynamics, as to make sure an extensive 

approach was taken in answering the research question. 

  

Through this structuring, it has been concluded that the Fab Lab Network as a technical sub-

system has the affordances to build the trial for a distributed production system as a circular 

future. Yet it has to be noted that it can only build this trial in part as complementary 

technologies strengthening the affordances towards circularity are currently missing. As to 

overcome this it would be in the social sub-system, understood as the intent of the people 

using the technology, that this Network wide trial could be set as a goal and striven to be 

achieved. In short, it is the people that drive circularity, not the technology. However, the 

social sub-system is not in support of this. As such, in its current shape, the Fab Lab Network 

does not provide a complete case, lacking the scale, scope, complexity and stability, as to 

establish an alternative to traditional manufacturing. 

  

This is not to say that the Fab Lab Network holds no value pertaining to circularity, there are 

still relevant lessons to be derived as became clear through the analysis of the Network as an 

innovation system. Relevant opportunities lie with offering an innovation space for 

entrepreneurs and students embracing circularity and the development of new organic 

material applications. The first more so than the latter two as new companies can push for 

circularity through market competition and it is expected that the Network will continue to 

bring forth such circular companies in its current shape as it has done in its past. Hence the 

main overall barrier of the incoherent social sub-system does not have to hinder this. 

  

While the latter two hold strong potential as there are shared dimensions between these 

innovation niches and the manufacturing regime along which learning can occur, namely 

digital literacy and organic materials.  However, for learning to transpire, Fab Lab actors need 

to see regime actors as part of the solution towards a more circular future. This brings the 

conclusion back to the original point: a coherent social sub-system in support of circularity is 

needed to create a coordinated effort in influencing the regime towards circularity. This is 
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currently lacking, as such the Network is not rallying around circularity, resulting in a lack of 

regime interest. 

  

Therefore, in answering the research question: To what extent can the Fab Lab Network 

influence traditional manufacturing towards circularity? The concluding answer is it can at 

best influence the regime in an incremental emergent transformative manner, as a coherent 

effort towards circularity is lacking, with circular companies that can be expected to spin out 

of the Network as a social impact innovation ecosystem holding the most potential to 

influence the regime. 
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11. Appendices  

The appendices are ordered into appendices A and B and C. Appendix A consists of all 

material attached in this section below. Appendix B is a separately submitted file containing 

all interview transcriptions. Appendix C is a separately submitted excel file containing the 

quantitative MAKE.IT data.   

 

11.1Appendix A:  

11.1.1 Appendix A.1: Fab Lab Charter  

 

Source: Retrieved from 

http://fab.cba.mit.edu/about/charter/?fbclid=IwAR0SgjjgW3lOGMwGM083_qRjQ0wovlJ6fAM0B55qvXEi-

WRixfWm-5z5jIg 
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11.1.2 Appendix A.2: Preliminary Interview Guide  

 

Short intro to interview: the overarching theme of our thesis is the transition from a linear 
to a circular economy, and the realisation that this transition is not happening fast enough 
given the current dire global outlook. That is why we turn to the FabLab Network, with the 
hope that the technologies utilized, their values, their unique Network, level of 
institutionalisation, potential source of disruption, might shed some light as to how they can 
contribute in the transition towards a circular economy.   
 

Introduction:  
o Introduce thesis and preliminary RQ 
o What is your profession?  
o What is your association with the fablab Network?  

 

Fablabs: Get a clearer understanding of what constitutes and drives the Fablab Network. 
What makes them unique and possible agent of change.  

o What do you believe to be the purpose of a Fablab Network?   
o Do you differentiate this from the purpose of each individual fablab? 
o Do you perceive the movement as having a coherent purpose? - If yes, what 

do you believe it is?  
o What is the opportunity for Fablabs?  

▪ Incremental, process innovations - where do you still see potential for 
growth.  

o How/Why would the Fablab Network be a more effective agent of change 
than other maker communities?  

o Do you experience that there is a coordinated effort or institutionalization 
from the Fablab Network that ensure unified movement?  

o what is it that makes the Fablab Network, when considering that the 
technologies such as 3D printing are not unique to the Fablab Network 

o Crucial: Do you feel FabLabs are too much of an experimental space to have a 
real impact? 

 

People & Network: Understanding the Fablabs as a Network and whether there are 
individual clusters that unit under more specified purposes. What is the value that the 
Fablabs create from being this Network.  

o Would you describe the Fablabs as a collective Network or movement or do 
you more experience it to be more fragmented?  

o Do you see clusters of Fablabs that unit under different purpose and ideals?  
o Have you experienced individuals to be very prominent within the Fablab 

Network?  
 

Circularity: What is the interviewees understanding of circularity and how do they see this 
phenomenon being connected to Fablabs and the interconnectedness of the values of 
circularity and Fablabs.  

o What is circularity to you?  
o How do you see this relating to the Fablab Network? 
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o What are the circularity benefits of distributed production?  
o  To what extent do the values of makerspaces/Fablabs align with the values 

of circular economy? 
 

Technology: Understanding the technology that drives the Fablab Network and how are 
they being or can be utilized in regards to circularity  

o What clusters of technology are most important to the movement? 
o How do/can these technologies feed in circularity  
o Do you experience the narrative/story being told about these technologies to 

entail circularity 
o Why are these technologies combined used as a force of circularity by the 

Fablabs?  
o How disruptive are the technologies being used, given where they are in their 

current development?  
   

 

Barriers  
o What is the main barrier in achieving the purpose of the Fablab?  
o Is the regulatory landscape hindering or promoting a move towards 

circularity?  
o What do you perceive as  Fablab’s biggest challenge to naturally incorporate 

circularity?  
 

Scalability  
o Do you believe that the primary focus of a Fablab should be to be an 

incubator or can it encapsulate more developed projects that wish to scale?  
o Do you believe that the users currently experience a limit to how big they can 

scale their projects within Fablabs? - Do they need to go elsewhere once they 
exceed the prototyping phase?  

o Do you experience spin-offs to be more successful?  
 

 

11.1.3 Appendix A.3: Final Interview Guide  

 

Introduction 
In order to set the scene for the interview some basic questions will be asked 

• Name, function, relation to the FabLab Community? 

• What are the basic characteristics of a FabLab? 
Purpose 
To measure perceived purpose of FabLabs, a measure that can potentially tell us (discourse 
analysis) if there is a natural alignment with circularity. 

• What is the purpose of the FabLab community as opposed to individual FabLabs 

• Who are the main users of FabLabs? E.g. hobbyists, policy makers, for rapid 
prototyping? 
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• Do you see clusters of Fablabs uniting under different causes, yes can you please 
provide examples? 

 
Circular economy 
Because the basic characteristics of the FabLabs seem naturally aligned with circularity that 
does not necessarily mean that the FabLab community is pushing towards a circular 
economy. 

• How would you define circular economy and circular production? 

• Do you experience that the Fablab community currently contributes to circular 
economy? 

• CE awareness within the community: to what extend is participation motivated by 
circular economy? 

• CE awareness within the community: to what extend is circular economy perceived 
as a goal of the community? 

 
Potential CE pathways 
Based on initial interviews potential CE pathways were mentioned that we would like to 
explorr further: 

• How do you assess the potential of FabLabs turning into micro factories, needs 
based production as opposed to mass production? 

• Do FabLabs mainly service as an experimentational ground, from which business 
initiatives can arise that follow circular production principles? 

• Through offering prototyping competencies, might FabLabs stimulate SME’s towards 
a circular economy? 

• Maybe use – How do you best see the Fablab community contributing to CE in the 
future? What unused potential do you believe there is? 

 
Variables from theories of systematic change 
As it is a potential systematic change that we are interested in, circular production principles 
as 
replacing linear production/ mass production, we isolated multiple variables from systemic 
theories of change. 

• Ecosystem: What are the most important stakeholders in the FabLab ecosystem, and 
how are they currently hindering or enabling a shift towards circular economy? 

• Market adoption: How is the FabLab community linked to bigger industrial players, is 
there any way that FabLabs are positively steering these players towards circular 
economy? 

• Techno-economic paradigm 
o Are FabLabs showing a best practise when it comes to the configuration of 

technologies underlying the movement, and is this clearly communicated?  
o What is the innovation opportunity space: does the FabLab community have 

the opportunity to drive radical innovation, or more incremental innovation 
or just process innovation (e.g. sustainable business models)? 

• Scalability: to what extend is it plausible to scale up the circular elements of the 
FabLab movements? 

o  Finances: for this purpose, what are the main barriers to attracting the right 
finance? 
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• Activist tendencies: to what extend is the FabLab movement an activist social 
movement, and as such hinders wider integration? 

• Institutionalisation of social movement: to what extend is the FabLab movement 
institutionalized, as in formalisation of processes, events, alignment in purpose, 
education as an institutionalisation process 

 
 
 

11.1.4 Appendix A.4: Overview of Interviewees 

 
  INTERVIEWEE GEOGRAPHY ASSOCIATION   

  

Christina Rebel Spain 

Is an entrepreneur and co-founder of Wikifactory. 
Wikifactory is currently hosting the Network on their 
online platform. Views herself as an observer of the 
Network for many years 

  

  

Tom Salfield Spain 

CEO of Wikifactory. Has a background in software 
engineering. Hosts the Fab Lab Network on 
Wikifactory (Online platform for hardware). Has 
been involved with the Fab Lab community for the 
past 10 years   

  

Sherry Lassister US 
President & CEO of Fab Foundation. Is a program 
manager at Center for Bits and Atoms at MIT.  

  

  

Kate Armstrong Spain  
Member of the management board (Coordinator) of 
the Fab City Foundation. Is also a platform manager 
at the Distributed Design Market Platform  

  

  

Nadya Peek US 

Assistant professor at the University of Washington 
in Seattle. Prio to this PhD student and postdoc at 
MIT in Neil Gershenfeld's Fab Lab (Found of the Fab 
Lab Network). Has helped set up 50+ labs and 
worked Started by working in Fab Lab Amsterdam   

  

Norella Coronell Colombia 
Works for Fab Foundation as a special project 
manager. Has been a student at Fab Academy  

  

  

Beno Juarez  Peru 

Is the President of Fab Lab Peru.Is an organizer of 
the Latin American regional Fab Lab Network. 
Director of Floating Fab Lab Amazon. Has been a 
tutor at Fab Academy. 
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Aristarco Cortes Mexico 
Director at super fab lab Instituto de Diseno e 
Innovacion Tecnologica (IDIT) in Mexico.  Has helped 
established a Network of Fab Labs within Mexico  

  

  

Asger Nørregård 
Rasmussen 

Denmark 

Community & office manager at makerspace 
Underbroen in Copenhagen. Is also secretary lead 
and project manager at Foreningen Maker. Attends 
many of the major events held by the Fab Lab 
Network.    

  

Enrico Bassi Italy 

Managed the first Italian Fab Lab and then Fab Lab 
Torino. He now a coordinator at  Fablab 
opendotlab.it. Furthermore, he is also a visiting 
associate professor at Domus Academy in Milan. 

  

  

Guillaume 
Coulombe  

Canada 

Co-founder and co-initiator at Fab Lab Quebec. He is 
currently the founder and projects promotor at 
Procedurable. Has established a Network for Fab 
Labs in Canada  

  

  

Massimo 
Bianchini 

Italy 

Is currently an assistant professor at Politecnico di 
Milano. Researches changing patterns of production  
Attended the Fab Academy in 2015 and was a Fab 
Lab manager for Polifactory. 

  

  

Peter Troxler  
The 

Netherlands 

Working as a research professor at Rotterdam 
University of Applied Sciences, focuses on digital 
transition. Has worked with a wide variety of Fab 
Labs in the Netherlands since 2007. Was project 
manager of Fab Lab Amsterdam    

  

Romain di Vozzo France 

Director at Fab Lab Digiscope & Fab Lab project 
manager the Uniserité Paris-Saclay. He is also a 
global mentor of the Fab Lab Network. Coordinator 
of Fab Lab conference 2014 

  

  

Ted Hung  Taiwan 
Founder of Fab Lab Taipei and has run the Fab 
Academy for the past seven years. Plays a prominent 
role in the Regional Asia Fab Lab Network  

  

  

Jean-Michel 
Molenaar 

Switzerland 

Senior Consultant of International projects for the 
Fab Foundation. Works with governments and 
bigger companies and making the case for them 
setting up Fab Labs. Has helped set-up many Labs  
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May El-Dardiry  Egypt 

Has an engineering degree. Started as a Fab Lab 
manager in one of the STEM schools in Egypt. Helps 
set-up and establish new Labs. Is one of the driving 
forces behind the regional Arab Fab Lab Network  

  

  

Pieter van der 
Hijden 

Surinam 

Is Fab Lab consultant/volunteer varying between 
paid and volunteer work. Helped set up Fab Lab 
Surinam. Active in the Fab Lab life cycle workshops 
& Fab Lab safety game and activities related to the 
SDG's    

  

Tauan Bernardo Portugal 

Founder and designer at Fab Lab at Viva Lab Porto. 
Also started a Fab Lab for kids teaching education 
and design innovation.  Has worked with product 
design since 2008 

  

  

Cindy Kohtala  Finland 

Postdoc research in the department of design at 
Aalto University School of Arts design and 
architecture. Started studying Fab Labs around 2011 
for doctoral research. Primarily focused on Fab Labs 
and sustainability.   

  

Jeremey Millard Denmark 

Is a senior consultant at the Danish Technological 
Istitute and a senior research fellow at Brunel 
University. Worked on the MAKE.IT project. Studies 
how digital manufacutring can support local 
proudction and manufacturing.    

           
          

Source: Own creation  
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11.1.5 Appendix A.5: Literature overview Socio-technical Transition Theory 

 

 

Source: Markard et al., 2012 

 

11.2 Appendix B: Transcriptions  

Please find the complete transcription of the conducted interviews in the separately 

attached file named.  

11.3 Appendix C: MAKE.IT Data  

Please find the MAKE.IT data in the separately attached excel file.  

 
 
 

 

 

 


