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A person recently asked me: What is your passion? Construction, I immediately responded. This, I 

suppose, introduces me as a special kind of researcher. A researcher whose background and 

experience lie in the practical industry of construction, and whose personal motivation for engaging in 

research relates to a strong feeling of obligation to contribute to the sustainable future of construction. 

I came into this project with an aim to generate findings that can be useful not necessarily for other 

researchers but for the people I know so well: the practitioners. During my project, I have further 

developed my understanding of what research is, how it is done, and that theory has its strengths in 

terms of generating new, useful knowledge – also for practitioners. Still, I guess, you can take the girl 

out of the construction industry, but you cannot take the construction industry out of the girl. This 

thesis is thus an example of how practical experience and theoretical knowledge can be combined into 

research that offers new perspectives relevant both in practice and academia.  

I wish to express my deepest gratitude to my three superb supervisors, who have guided and 

challenged me throughout the past three years. Christian Koch, who introduced me to so many 

interesting and useful theoretical concepts (and to the good cantina at Chalmers). Thomas Berker, 

who was always helpful, constructive, and kind (and invited me to family dinner). And Christian 

Thuesen, with whom I have had countless discussions that always left me inspired and hopeful (and 

who I now claim to call my friend).  

I would like to thank very much Grundejernes Investeringsfond, who financially supported my 

research. I highly appreciate your interest and support. I am also very thankful for the many kind 

people, who took the time to talk to me, clarifying and nuancing the case studies that form an essential 

foundation for this thesis. A special thought goes to Tine Hegli from Snøhetta who, without knowing, 

has contributed significantly to my research by presenting a picture of a flock of birds.  

I wish to thank my wonderful and knowledgeable colleagues from the Engineering Systems 

group at DTU Management. Especially Anja Meier, Lisbeth Damgaard, and Morten Wied have made 

the working days at DTU full of ‘hygge’ and fun.  

Finally, I wish to express how thankful I am for the love and support from my dear family and 

friends. A deep and heartfelt thank you goes to my husband, Bjarke, who has always supported me, 

always been optimistic and always filled my life with love and laughter. I owe it all to you.  
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The construction industry is responsible for significant environmental impacts in terms of energy and 

resource consumption, waste production, and CO2 emissions, and is therefore currently facing the 

challenge of a sustainable transition; that is, a radical shift from the existing socio-technical system to 

a new, more sustainable one. What is needed in order to support a sustainable transition of the 

construction industry is not incremental improvements and technological fixes, but rather an 

organizational and procedural change that address the strong path dependency and conservatism 

found in the construction industry. This thesis therefore studies innovation processes within 

sustainable construction with an aim of generating a more profound understanding of the configuration 

of such processes in order to better support them. Based on the main research question – how are 

innovation processes in sustainable construction taking place? – the thesis investigates the contextual 

factors that influence sustainable innovation processes, how the factors shape or are shaped by the 

innovations, and how these influential mechanisms can be managed.  

The literature on transitions, particularly the multi-level perspective (MLP), and the literature 

on innovation in construction has formed the theoretical foundation of the research. The empirical 

material includes expert interviews, workshops, and a number of case studies. The findings from these 

studies showed that innovation processes in sustainable construction are characterized by several 

contextual factors, and that the mechanisms of these factors, i.e. how the factors influence and are 

influenced by the innovations, can be both plannable or happen by chance. Such coincidental 

mechanisms call for a management approach that support exploration and experimentation in order to 

transform the innovation’s existing ecosystem and enable implementation.  

The findings are summarized in the murmuration perspective. A murmuration is the biological 

term for the collective movement of starlings, who flock to perform impressive aerial manoeuvres in 

order to find food and avoid predators. Applying this metaphor to innovation processes in sustainable 

construction generates a novel, cohesive understanding of how such processes take place in practice. 

Like a bird needs the flock to survive, the innovation needs its ecosystem to progress. The bird is 

found to interact with a specific number of neighbours, and an innovation is found to engage with 

selected actors often well established in the industry to ensure implementation. Any bird can become 

the leader of the murmuration, and any innovation can lead the industry in a new and more 

sustainable direction, given that the innovation process is managed in a way that generates a 

transformation of the existing ecosystem. A model of lineage ecosystem management is proposed as 

an approach to managing the innovation process. Here, a series of projects with both exploratory and 

exploitative dimensions contributes to identifying and transforming the ecosystem of the innovation, 

thus enabling implementation and progression. 

The proposed murmuration perspective contributes to the literature on transitions by 

generating novel insights on the processes by which niches and regimes interact and are 

interdependent, and to the literature on innovation in construction by offering a holistic understanding 

of how sustainable innovations take place and how these processes can be studied. Finally, the 

research contributes to practice with a language for discussing how innovation processes in 

sustainable construction can be supported and thereby potentially accelerate the much-needed 

sustainable transition of the construction industry. 
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Byggeriet udgør en afgørende miljømæssig spiller ift. energi- og ressourceforbrug, produktion af affald 

og CO2 udledning, og branchen står derfor overfor den udfordring at gennemgå en bæredygtig 

omstilling, dvs. et radikalt skifte fra det eksisterende sociotekniske system til et nyt og mere 

bæredygtigt. En sådan bæredygtig omstilling af byggeriet understøttes ikke af inkrementelle 

forbedringer og teknologiske løsninger, men snarere af organisatoriske og processuelle forandringer, 

der adresserer den stærke stiafhængighed og konservatisme, som kendetegner byggebranchen. 

Denne afhandling udforsker derfor innovationsprocesser indenfor bæredygtigt byggeri med den 

hensigt at skabe en omfattende forståelse af disse processers omfang for dermed i højere grad at 

kunne understøtte dem. Ud fra et primært forskningsspørgsmål – hvordan foregår 

innovationsprocesser indenfor bæredygtigt byggeri? – undersøger afhandlingen de kontekstuelle 

faktorer, der influerer bæredygtige innovationsprocesser, hvordan disse faktorer påvirker og er 

påvirket af innovationer, samt hvordan sådanne mekanismer kan håndteres.  

Transitionslitteraturen, særligt med afsæt i multi-level perspektivet (MLP), danner sammen 

med litteraturen om innovation i byggeriet den teoretiske ramme for denne afhandling. Det empiriske 

materiale inkluderer ekspertinterviews, workshops samt en række case studier af bæredygtige 

innovationer indenfor byggeriet. Disse studier viser, at innovationsprocesser indenfor bæredygtigt 

byggeri er karakteriseret ved adskillige kontekstuelle faktorer, og at disse faktorers mekanismer, dvs. 

hvordan faktorer influerer og er influeret af innovationen, både kan være mulige at planlægge eller ske 

tilfældigt. Sådanne tilfældige mekanismer kræver en management tilgang, der understøtter 

eksploration og eksperimenteren, og som kan være med til at skabe en transformation af 

innovationens eksisterende økosystem, således at innovationen kan blive implementeret.  

Resultaterne er samlet i et murmuration perspektiv. En murmuration er den biologiske 

betegnelse for stæres kollektive bevægelse, hvor store flokke udfører imponerende luftmanøvre for at 

finde føde og undgå rovdyr. Ved at overføre denne metafor til innovationsprocesser indenfor 

bæredygtigt byggeri, opbygges en ny, sammenhængende forståelse for sådanne processers 

interagerende dynamik. Som en fugl har brug for flokken for at overleve, har innovationen brug for sit 

økosystem for at avancere. En fugl i en stæreflok interagerer med et specifikt antal nabofugle, og på 

samme måde engagerer innovationen sig med aktører, der ofte er veletablerede i branchen, for at 

sikre sig implementering. Enhver fugl kan tage lederskab over flokken, ligesom enhver innovation 

potentielt kan lede branchen i en ny og mere bæredygtig retning, såfremt innovationsprocessen 

tilrettelægges, så den understøtter en transformation af det eksisterende økosystem. Afhandlingen 

fremstiller en 'lineage ecosystem management' tilgang, hvor en serie af projekter med både 

eksplorative og eksploitative dimensioner bidrager til at identificere og transformere innovationens 

økosystem, for derved at muliggøre implementering og udvikling.  

Murmuration perspektivet bidrager til transitionslitteraturen med ny viden om de processer, 

hvormed nicher og regimer interagerer og er indbyrdes afhængige, samt til litteraturen om innovation i 

byggeriet med en holistisk forståelse af bæredygtige innovationsprocesser og hvordan disse kan 

studeres. Endelig bidrager afhandlingen til praksis ved at tilbyde et sprog for at diskutere hvordan 

innovationsprocesser indenfor bæredygtigt byggeri kan understøttes og derved potentielt bidrage til 

den bæredygtige omstilling af byggeriet.   



v 

A. Koch-Ørvad, N., & Thuesen, C. (2016). Sustainable Building in Scandinavia: Directions of 
Innovations for Supporting the Transition. In P. Chan & C. J. Neilson (Eds.), Proceedings of 
the 32nd Annual ARCOM Conference (Vol. 2, pp. 1159–1167). Manchester, UK: Association 
of Researchers in Construction Management. 

B. Koch-Ørvad, N., Thuesen, C., Koch, C., & Berker, T. (2019a). Innovation escapes: Influencing 
factors on sustainable construction. Construction Management and Economics (under 
review). 

C. Koch-Ørvad, N., & Thuesen, C. (2018). Critical coincidences: The journeys of sustainable niche-
innovation projects. In Conference proceedings of IRNOP 2018. Melbourne, AU: 
International Research Network on Organizing by Projects. 

D. Koch-Ørvad, N., Thuesen, C., Koch, C., & Berker, T. (2019b). Transforming ecosystems: 
Facilitating sustainable innovations through lineage of exploratory projects. Project 
Management Journal (Accepted, April 2019). 

E. Koch-Ørvad, N., Thuesen, C., Koch, C., & Berker, T. (2018). Murmuration as metaphor for 
sustainable innovation processes. In C. Gorse & C. J. Neilson (Eds.), Proceedings of the 
34th Annual ARCOM Conference (pp. 179–188). Belfast, UK: Association of Researchers in 
Construction Management. 

 

 

 
  



vi 

The publications below are not included in this thesis but serves as an overview of the additional 

research activities I have done during my PhD project.  

 

Journal articles 

Wied, M., Koch-Ørvad, N., Oehmen, J., & Welo, T. (2019). Operationalizing resilience in exploratory 
projects: A repertoire of practical approaches. International Journal of Project Management 
(under review). 

 

Peer-reviewed conference papers 

Thuesen, C., Koch-Ørvad, N., & Maslesa, E. (2016). Organising Sustainable Transition: 
Understanding the Product, Project and Service Domain of the Built Environment. Proceedings 
of the 32nd Annual ARCOM Conference, 2 (September), 1179–1188. 

Koch, C., Berker, T., Koch-Ørvad, N., & Thuesen, C. L. (2017). Radical Sustainable Innovation of 
office buildings. In Proceedings of the 9th Nordic Conference on Construction Economics and 
Organization (pp. 296–306). Göteborg, Sweden: Chalmers University of Technology. 

Ernstsen, S., Koch-Ørvad, N., Berg, J. B., Brinck, S., Thuesen, C., & Meier, A. (2018). Learning from 
Digitalised Industries : Designing Value Propositions for Disruption. In ISPIM Innovation 
Conference – Innovation, The Name of The Game. Stockholm, Sweden. 

 

Newspaper articles 

Nielsen, M. H., & Koch-Ørvad, N. (2016, May 11). Gør bæredygtighed til en god forretning [Make 
sustainability a good business]. Licitationen. 

Bonke, S., Thuesen, C., & Koch-Ørvad, N. (2016, August 11). Kronik: Byggeriet skal gøre en større 
forskel [Construction must make a bigger difference]. Ingeniøren. 

Ernstsen, S., Koch-Ørvad, N., Thuesen, C. (2019, March 1). Kronik: ’Tiny home’ fra AirBnB kan 
disrupte byggeriet [‘Tiny homes’ from AirBnB can disrupt the construction industry]. Ingeniøren. 

 
  



vii 

Preface and acknowledgement ................................................................................................................ ii 

Summary ................................................................................................................................................. iii 

Resumé (Dansk)...................................................................................................................................... iv 

Publications included in thesis ................................................................................................................. v 

List of other publications .......................................................................................................................... vi 

Contents ................................................................................................................................................. vii 

List of tables ................................................................................................................................ viii 

List of figures ............................................................................................................................... viii 

1. Introduction .......................................................................................................................................... 1 

1.1 Research questions ................................................................................................................ 2 

1.2 Scope and definitions ............................................................................................................. 3 

1.3 Structure of the thesis ............................................................................................................ 5 

2. Literature study .................................................................................................................................... 6 

2.1 Sustainable transitions ........................................................................................................... 6 

2.2 Sustainable construction ...................................................................................................... 11 

3. Methodology ...................................................................................................................................... 15 

3.1 Research philosophy ............................................................................................................ 15 

3.2 Research approach .............................................................................................................. 16 

3.3 Research methods ............................................................................................................... 17 

4. Papers ............................................................................................................................................... 21 

4.1 Paper A: Sustainable Building in Scandinavia: Directions of Innovations for  

Supporting the Transition ..................................................................................................... 21 

4.2 Paper B: Innovation escapes: Influencing factors on sustainable construction ................... 22 

4.3 Paper C: Critical coincidences: The journeys of sustainable niche-innovation projects ...... 26 

4.4 Paper D: Transforming ecosystems: Facilitating sustainable innovations through  

lineage of exploratory projects ............................................................................................. 28 

4.5 Paper E: Murmuration as metaphor for sustainable innovation processes ......................... 32 

5. Findings and discussion .................................................................................................................... 35 

5.1 The murmuration perspective ............................................................................................... 36 

5.2 Answering the research questions ....................................................................................... 43 

5.3 Contributions to theory ......................................................................................................... 44 

5.4 Limitations and suggestions for future research .................................................................. 49 

6. Conclusion ......................................................................................................................................... 52 

7. References ........................................................................................................................................ 53 

8. Appendix ........................................................................................................................................... 60 

 

 



viii 

Table 1. Overview of relevant research paradigms ............................................................................... 15 

Table 2. Empirical studies and their applications in the papers ............................................................ 19 

Table 3. Factors influencing an innovations’ escape process ............................................................... 23 

Table 4. Influencing factors on sustainable innovations’ escape from niche to regime ........................ 24 

Table 5. Manageable and coincidental incidents .................................................................................. 28 

Table 6. Lineage management vs. lineage ecosystem management ................................................... 32 

Table 7. Summary of research questions and findings from the five papers ........................................ 35 

Table 8. Characteristics of a biological murmuration and the murmuration perspective ...................... 40 

Table 9. The murmuration perspective .................................................................................................. 47 

 

Figure 1. Environmental facts related to buildings and the construction industry ................................... 2 

Figure 2. Overview of research questions and the papers by which they are addressed ....................... 5 

Figure 3: The multi-level perspective on transitions ................................................................................ 8 

Figure 4. Tine Hegli, Snøhetta, presenting on Building Green Conference, 2015 ................................ 16 

Figure 5. Connections and overlaps between the influencing factors ................................................... 25 

Figure 6. GM’s ecosystem, bottleneck challenges, and initiated projects ............................................. 30 

Figure 7. Murmuration and migration .................................................................................................... 33 

Figure 8. Analytical framework for developing the murmuration perspective ........................................ 36 

Figure 9. Lineage ecosystem management .......................................................................................... 42 

Figure 10. The murmuration perspective on niche innovation journeys ................................................ 45 

Figure 11. The murmuration perspective and the MLP ......................................................................... 46 

Figure 12. Murmuration as niche movements ....................................................................................... 48 
 



 

1 

 

Why study sustainability? The short answer is: Because I do not dare not to. The challenge of 

securing a society that fosters people, planet, and prosperity (United Nations 2015) is immense and 

the failure to do so has such fateful consequences that sustainability seems to be the most important 

issue one can tackle with research these days. Even in Denmark, which is recognized as a frontrunner 

within sustainable development (Dalberg 2019), the sustainable transition of society constitutes a 

significant challenge. An average Dane emits 19 tons CO2 equivalents per year, of which 6 tons is 

related to the renowned Danish welfare society; that is, roads, child care, hospitals, etc. (Madsen and 

Nygaard 2017). This stands in dramatic contrast to the 3 tons CO2 equivalents that is the maximum a 

person can emit per year by 2050 in order to limit global warming to 2°C (IPCC 2018). This illustrates 

that the sustainability challenge not only concerns manufacturing companies or electricity providers – 

in Denmark, our basic lifestyle is unsustainable, and society as a whole is facing a significant 

reconfiguration. 

The so-called Giddens’ paradox (Giddens 2011) adds to the complexity and criticality of the 

sustainability challenge. Giddens (2011) argues that since the dangers of climate change are not 

immediate or directly visible in our daily lives, many of us tend to sit on our hands until the dangers 

become so critical and so present that we cannot keep our eyes closed anymore. And at that time, 

serious action will be too late. Thus, actions towards creating a sustainable society must build on the 

fact that most people find it easier to engage in the present than in the future. 

The construction industry is one of the socio-technical systems – besides e.g. electricity, 

transport, and agro-food (IPCC 2018) – that is currently responsible for unsustainable consumption 

and production patterns and therefore faces the challenge of a sustainability transition; that is, a 

radical shift to a new kind of socio-technical system (Geels and Schot 2010, Köhler et al. 2019). As 

presented in Figure 1, the construction industry is related to significant environmental impacts in terms 

of, for example, energy and resource consumption, waste production, and CO2 emissions. This, 

combined with the fact that we spend 87% of our time inside buildings (Klepeis et al. 2001) and that a 

significant number of buildings for housing, offices, schools, etc. are needed globally as urbanization 

increases from 55% in 2015 to 68% by 2050 (United Nations 2018a), underlines that a successful 

sustainable transition of the construction industry is crucial for the future of people, planet, and 

prosperity. 
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Figure 1. Environmental facts related to buildings and the construction industry (sources: A (UN 
Environment and International Energy Agency 2017); B (Energistyrelsen 2015); C (Eurofond 2009)) 

Considering how a sustainable transition of the construction industry can be supported, a first 

acknowledgement is that sustainable construction is not hindered by a lack of technologies but rather 

by organizational and procedural difficulties (Häkkinen and Belloni 2011). What is needed in order to 

accelerate a sustainable transition of the construction industry is not incremental improvements and 

technological fixes (Elzen et al. 2004). Although innovations to support and accelerate sustainable 

construction are in high demand (UN Environment and International Energy Agency 2017), the 

construction industry is still seen as conservative and non-innovative (Håkansson and Ingemansson 

2013, Pulkka and Junnila 2015). This reluctance to change originates i.a. from a strong 

institutionalization that locks the industry into established procedures and causes limited trajectories 

for innovations (Kadefors 1995, Rohracher 2001, Orstavik 2014). The strong path dependency and the 

industry’s aversions to risk and change (Gambatese and Hallowell 2011a, Hemström et al. 2017) 

complicate the innovation processes within construction. The phenomenon of interest of this thesis is 

thus innovation processes within sustainable construction, with an aim of generating a more profound 

understanding of the configuration of such processes in order to better support them. The thesis 

investigates the contextual factors that influence these complex innovation processes, how the factors 

shape or are shaped by the innovations, and how these influential mechanisms can be managed. The 

following research questions sum up these objectives. 

 

The thesis is structured around one primary research question (RQ1) and three sub-questions (RQ2–

4), which unfold the different aspects to be studied in order to answer the main question:  
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RQ1: How are innovation processes in sustainable construction taking place? 

RQ2: What contextual factors characterize innovation processes in sustainable construction? 

RQ3: What kind of mechanisms are influencing sustainable innovation processes? 

RQ4: How can sustainable innovation processes be managed? 

 

Considering the contextual boundaries, the thesis centres on the construction industry within the 

Scandinavian countries (i.e. Denmark, Norway, and Sweden), since these countries are recognized as 

frontrunners within the field of sustainable construction (World Green Building Council 2013, Strand et 

al. 2014). Denmark is in particular in focus, as the cases studied in the thesis are all located in 

Denmark. Although some conditions differ between the three Scandinavian countries, such as specific 

regulations and norms, and although focus areas and initiatives concerning sustainability vary across 

regions and over time, the aim is that the findings of the thesis will be of relevance for all three 

countries.  

In the thesis, a number of recurring terms play a central role. In the following, these terms are 

defined – not as a statement of how the terms should be interpreted and used in general, but rather as 

a clarification of how the terms are understood and used in this thesis.  

 

Brundtland (1987) coined the term sustainable development, which she described as a process of 

change in which the use of resources, investments, technological developments, and institutional 

change are all in harmony. The aim is to meet both current and future human needs, without, at a 

minimum, endangering the natural systems that support life on Earth (i.e. the atmosphere, the waters, 

the soils, and the living beings). This process has come to be known as ‘the triple bottom line’ 

(Elkington 1994) – a sustainability framework that considers the social, environmental, and economic 

aspects of an organization’s activities.  

In 2015, the United Nations framed the Sustainable Development Goals (SDG) with the aims 

to end poverty, protect the planet, and ensure that all people enjoy peace and prosperity by 2030 

(UNDP 2015). The 17 SDGs, including 169 specific targets, are a plan of action to improve health and 

education, reduce inequality, and spur economic growth, while still tackling climate change and 

preserving the resources of the planet. Today, the goals are adopted by all 193 UN member states 

and addressed by more than 9,600 companies in 170 countries, representing nearly every sector and 

size (Thuesen 2018, United Nations 2018b). 

In addition to the SDG agenda as a concrete action plan for reaching a sustainable global 

society, the planetary boundaries (PB) framework (Rockström et al. 2009, Steffen et al. 2015) defines 

a safe operating space for humanity based on the biophysical processes that regulate the stability of 

the planet Earth. In other words, the PB framework provides absolute measures of sustainability by 

specifying the limits to, for example, climate change and biodiversity loss under which we as people 

on this planet can continue to develop and thrive. Recent simulations find that only bold transformative 
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change will allow us to achieve the SDGs within planetary boundaries and thus create a sustainable 

society beyond 2050 (Randers et al. 2018).  

These three agendas and definitions of sustainability encompass both a framework and a 

motivation factor for this thesis. First, the term sustainability is used in this thesis based on the 

understanding that social, environmental, and economic aspects are interlinked and interdependent – 

one cannot be improved without impacting the others. Second, though the SDG and the PB 

frameworks offer ways of concretizing and operationalizing the sustainability agenda, they are still 

targeting an uncertain future, where a successful transition of the global society depends on numerous 

unknown, interdependent factors. Thus, as Brundtland (1987, p. 9) argues, sustainability “is not a fixed 

state of harmony” but rather a process of finding solutions that meet the requirements of the SDG and 

PB frameworks. Having said that, the quantitative aspects of the innovations studied in this thesis are 

not considered specifically, as the focus has been on investigating the ongoing processes around 

these innovations; that is, how sustainable innovation processes are taking place.  

 

According to Slaughter (1998), an innovation is defined as a process, product, or system that is novel 

to the innovating unit and that has been implemented; that is, is in use. However, as this thesis 

focuses on the process or journey of the innovation, the term innovation here applies to processes, 

products, or systems that are about to come into use. The term innovation journey refers to the 

development process of the innovation over time, from an initial, basic idea towards implementation. It 

is an exploration into the unknown, where novelty emerges (Cheng and Van de Ven 1996), a process 

full of search and exploration, twists and turns, where the final destination is not exactly known, and 

where results are a radical change (Geels et al. 2008).  

Achieving improved sustainability often requires radical innovations (Sartorius 2006); that is, a 

breakthrough in technology, processes, or systems that changes the character of an industry 

(Slaughter 1998). Whereas incremental innovations describe smaller changes that build on existing 

ideas, radical innovations represent a significant shift in terms of existing knowledge and agency 

(Harty 2008). 

 

In the research questions, the term mechanism is included as a unit of analysis that influences 

sustainable innovation processes. Mechanism sounds rather mechanical or systematic; however, in a 

socio-technical context, “a mechanism is not so much about ‘nuts and bolts’ as about ‘cogs and 

wheels’… – [it is] the wheelwork or agency by which an effect is produced” (Hernes 1998, p. 74). 

Mechanisms describe particular patterns in a specific process (Geels 2002), where the assembly of 

the interacting parts produces an effect not inherent in any one of them (Hernes 1998). Mechanisms in 

this thesis thus concern the relationships between a specific innovation and various factors (such as 

other innovations, people, companies, organizations, regulations, societal agendas, etc.) that have a 

significant effect on the innovation journey. The aim of studying these mechanisms is to “aspire to 

explain but not predict” (Davis and Marquis 2005, p. 336) how sustainable innovation processes are 

taking place.  
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The thesis is based on five peer-reviewed papers, which are included in full length in Chapter 8. In 

Chapter 4, the papers are introduced and selected findings are extracted. These findings are further 

elaborated on and collected in a cohesive perspective, which is introduced in Chapter 5. The intention 

behind this structure is to generate a coherent entity that can be read in one piece without distracting 

elements from the papers that might be of relevance in e.g. a journal publication but not particularly 

pertinent for the narrative of this thesis.  

The aim of the thesis is to investigate how sustainable innovation processes in sustainable 

construction are taking place (RQ1). Aspects of this question (RQ2, RQ3, and RQ4) are investigated 

in Paper B, C, and D that respectively study the characteristics of innovation processes in sustainable 

construction, the dynamics of influencing factors, and how such processes can be managed. A 

unifying contribution is introduced as the murmuration metaphor in Paper E (a murmuration is the 

collective movement of starlings), and further unfolded into a murmuration perspective in Chapter 5, 

thus synthesizing the findings of Paper B, C, and D and answering the main research question of the 

thesis (RQ1). The papers are not explicitly addressing the research questions of the thesis but contain 

separate research objectives that relate to the research questions, and the findings of the papers thus 

contribute to answering the research questions.  

First, the state-of-the-art within sustainable construction is outlined in Paper A. This is not 

included in connection with a research question but rather as a foundation on which the main findings 

of the thesis build. Figure 2 presents the connection between the research questions and papers in 

the thesis. 

 

Figure 2. Overview of research questions and the papers by which they are addressed   
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Sections 2.1.2–2.1.4 are based on Paper A, B, and E. Sections 2.2.1–2.2.3 are based on Paper B and 

E.  

 

The aim of the literature study is twofold. First, theoretical frameworks for understanding sustainable 

transitions are reviewed in order to establish a set of guidelines on how to study the dynamics and 

mechanisms that characterize sustainable innovation processes within the specific context of the 

construction industry with its renowned reluctance to change and strong institutionalization. Second, 

the literature on innovations within sustainable construction is reviewed to map out the current 

knowledge in this field. This is both to establish a foundation of knowledge to contribute to and build 

upon as well as to identify the specific gaps that this thesis aims to address.  

 

 

The concept of transitions was introduced by Alex de Tocqueville in the 19th century to describe 

changes in master–servant relationships in the US, England, and France and was defined as a period 

in history in which the ruling class no longer had the strength to stay in power (Coenen-Huther 1996, 

Lachman 2013). In the 1990s, due to the rise of the sustainability agenda coined by the World 

Commission of Environment and Development (Brundtland 1987), the transition concept was 

introduced within the research on socio-technical systems, resulting in multiple studies on transitions 

towards sustainable futures (Lachman 2013). In that context, transitions refer to large-scale 

transformations within society, where the structure of the societal system fundamentally changes 

(Rotmans et al. 2001).  

A sustainable transition is characterized as a multi-actor and long-term process that is open-

ended and uncertain, and permeated by values, contestation, and disagreement. To embrace this 

complexity, sustainability transition research is broader and more interdisciplinary than many other 

sustainability approaches, such as eco-innovation or environmental economics (Köhler et al. 2019). 

The founding theoretical frameworks in the field of sustainability transition studies include transition 

management, the multi-level perspective, and technological innovation system (Lachman 2013, Köhler 

et al. 2019).  

Transition management (TM) is a governance approach for sustainable development where 

specific types of network and decision-making processes are implemented in order to solve the long-

term challenges of sustainable development (Loorbach 2010). The multi-level perspective (MLP) 

centres on the sustainable transformation of socio-technical regimes that occurs due to interacting 

dynamics taking place at the landscape level (i.e. the external, overarching context) and the niche 

level (i.e. the experimental spaces where innovations are developed) (Rip and Kemp 1998, Geels 

2002). In the MLP, two kinds of dynamics are influencing the transformation of a regime: the 
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landscape level puts pressure on the established regime, and niche innovations challenge the existing 

configuration of the regime (Geels and Schot 2007). Combining the MLP framework with aspects of 

the innovation systems approach (e.g. Hekkert et al. 2007), the technological innovation system (TIS) 

framework focuses on the development, diffusion, and use of a particular technology (in terms of 

knowledge, product, or both) and considers the networks of actors and institutions that jointly interact 

and influence the innovation process for that technology (Bergek et al. 2008, Markard and Truffer 

2008). A TIS analysis aims to assess the performance of the system of actors, networks, and 

institutions in order to identify the critical mechanisms and key policy issues for the innovation process 

(Bergek et al. 2008).  

The MLP framework has been adopted in this thesis, as it provides a bird’s eye view of 

transitions in order to guide the search for patterns, causes, and impacts of different phenomena 

during transitions (Geels 2011), which fits the aim of investigating the configuration and mechanisms 

of innovation processes and not a specific technology. Furthermore, the MLP integrates an 

institutional perspective (Lachman 2013) that is found particularly relevant for innovations within 

construction (Kadefors 1995).  

Finally, two other theoretical approaches that also address sustainable innovation processes 

are mentioned briefly. First, the practice theory approach presents a perspective on ecological 

economics, as the movement towards sustainability is likely to involve new expectations and 

understandings of everyday life and different forms of consumption and practice (Røpke 2009, Shove 

and Walker 2010). Second, the arenas of development approach offers a ‘flat’ understanding of the 

levels that influence an innovation process with a focus on the space in which socio-material activities 

are located and the stages on which actions and dynamics can be performed (Jørgensen 2012, 

Pineda and Jørgensen 2016). These flat approaches have different foundational assumptions than the 

MLP and thus conceptualize transitions differently. However, the MLP is more developed in terms of 

specifying relevant mechanisms in transitions and identifying recurrent patterns (Geels 2011), which is 

in focus in this thesis.  

 

The multi-level perspective (MLP) offers the central framework for understanding the sustainable 

transition of a socio-technical system in this thesis. According to the MLP, sustainable transitions 

occur due to the interplay of developments at three analytical levels: the socio-technical regime, 

innovation niches, and the overarching landscape (Geels 2011, 2014).  

A socio-technical regime, such as the construction industry (Gibbs and O’Neill 2015), is 

characterized by a number of established practices and associated rules that ensure a dynamical 

stable condition of the regime. Hence, innovations within the regime are incremental and occur along 

specific trajectories such as technology, policy, and user practices (Geels and Schot 2010). Radical or 

path-breaking innovations, on the contrary, typically occur outside or on the border of existing regimes 

in so-called innovation niches (Geels 2004). Niches are small-scale experimental spaces for new 

technologies (Kemp et al. 1998) and act as incubation rooms that protect innovations against the 

mainstream conditions and traditional practices of the regime (Geels 2004). Regimes and niches are 

set within the broader context of the socio-technical landscape that includes macro-political 

developments such as globalization, urbanization, and environmental issues (Geels and Schot 2010).  
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Between these three levels, interacting processes take place that can potentially lead to a 

sustainable transition; that is, a regime transformation or reconfiguration (Geels 2004) or, in other 

words, the shift from one regime to another (Geels 2011). Some innovation activities at the niche level 

can, over time, become aligned and stable enough to challenge the dominant regime. However, 

innovations will often remain in niches for a long time until changes at the landscape level, for example 

the rise of the climate change agenda, create pressure on the existing regime to reconfigure its 

practices, networks, and/or technologies (Geels 2004). This destabilization can create windows of 

opportunity for niche innovations to escape the niche level and enter the regime (Smith and Raven 

2012), thus supporting the transformation of the regime (Schot and Geels 2008, Holm et al. 2015). 

Figure 3 illustrates and nuances these interacting processes.  

 

Figure 3: The multi-level perspective on transitions (Schot and Geels 2008, p. 546) 

 

Over the years, the MLP has received extensive criticism regarding, for example, its undervaluing of 

agency (Smith et al. 2005) and the simplified conceptualization of the levels and their roles in the 

transition process (Berkhout et al. 2004). In this thesis, the critique by Smith (2007) that the approach 
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gives insufficient consideration to the processes by which niches and regimes interact and are 

interdependent is of particular interest. Although fruitful debates have emerged in the wake of the 

criticism – leading to clarifications and elaborations on, for instance, politics and power (Grin 2010) 

and agency (Fuenfschilling and Truffer 2016) – the MLP framework still fails to offer an operational 

understanding of the innovation processes that support the sustainable transition.  

This has led to the specific focus in this thesis on innovation journeys and the aim of 

contributing to a more profound understanding of how these sustainable innovations move from the 

niche level and into the regime, thus igniting a transformation of the regime. The term innovation 

journey describes a process in which the final destination is not exactly known but is full of search and 

exploration, twists and turns, and results in a radical change (Geels et al. 2008). The focus in this 

thesis is thus to understand what causes the ‘twist and turns’ of the innovation journey and in what 

way ‘search and exploration’ (Lenfle 2008) has been implemented to ensure a safe and successful 

journey. 

Furthermore, the thesis has a specific focus on investigating the escape process of innovation 

journeys; that is the part of the innovation journey where the innovation exits the niche level and is 

implemented in the regime. This selected positioning follows Smith and Raven (2012), who argue that 

the innovations’ escapes from the protective spaces at the niche level and into the regime are of 

particular interest and at the same time understudied. The escape process is influenced by factors that 

‘push’ the innovations from the niche level and towards the regime. Niches act as temporary protective 

spaces (Smith and Raven 2012) for innovations that (still) fail to successfully compete within the 

selection environment of the existing regime. Niches thus offer shielding against the regime so that 

niche actors can nurture the innovation into becoming more robust and eventually empowered to be 

introduced to more conventional markets. Shielding includes processes that hold at bay certain 

selection pressures, for example market rules, institutions, regulations, etc. Nurturing includes 

processes that support the development of path-breaking innovations through assisting learning, 

attracting attention, and facilitating networking. And, finally, empowering includes processes that make 

niche innovations competitive within the existing regime either by acting within an unchanged regime 

(fit and conform) or by restructuring the regime (stretch and transform) (Smith and Raven 2012). As 

the innovation enters broader and more diverse markets, so the need for protection decreases and the 

innovation becomes competitive and influential in contributing to regime shifts towards sustainability 

(Smith and Raven 2012).  

Furthermore, the escape process is influenced by factors that ‘pull’ the innovations from the 

niche. Actors in the existing regime tend to defend and extend the regime through incremental change 

and innovation (Scrase and Smith 2009). Those niche actors less compatible with the existing regime 

may find it more difficult to break through into the mainstream, whereas some niche activities may be 

better aligned and more easily incorporated (Smith 2003). Often, mildly reforming niche elements, 

such as products, are relatively easily appropriated compared to more radical niche elements, such as 

cultural meanings or lifestyles (Smith 2003). However, most sustainable innovations, whether products 

or not, are deemed radical niche elements, as they do not offer obvious user benefits but are instead a 

collective good (Geels 2011). For such radical niche innovations, linking up with ongoing processes at 

the regime and landscape levels can help the escape from the niche level (Schot and Geels 2008).  
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To sum up, reviewing the literature on the MLP, innovations’ escapes from niche to regime are 

found to be influenced by (1) the degree of protection (shielding, nurturing, and empowerment) of the 

innovation at the niche level, (2) the innovation’s compatibility with the existing regime, and (3) how 

the innovation is linked to ongoing processes at regime and landscape levels.  

 

Strategic niche management (SNM) offers a framework for understanding and managing niche 

innovations. Driven by the observation that many sustainable technologies never leave the 

showrooms – or worse, remain on the shelves of laboratories as prototypes – Schot et al. (1994) and 

Kemp et al. (1998) performed research on early market experimentation with electric vehicles. They 

identified experimentation in technological niches as a crucial step in maturing innovations and noticed 

three interrelated processes leading to successful niche management: managing expectations, 

building social networks, and learning processes (Coenen et al. 2010, Panetti et al. 2018). SNM 

particularly focuses on the creation, development, and controlled phase-out of ‘protective spaces’ for 

experimental projects in order to nurture path-breaking innovations (Kemp et al. 1998, Smith and 

Raven 2012). The SNM framework is primarily targeted towards national and regional governments to 

help new radical innovations develop and expand by supporting a portfolio of niche projects and 

disseminating the knowledge that is gathered in the projects (Kemp et al. 1998, Lovell 2007).  

Over the years, SNM has met a diverse range of criticism. A notable branch of critics (e.g. 

Lovell 2008, Smith and Raven 2012, Raven et al. 2016) argue that the SNM framework is too orderly 

and structured, that the dynamics of niche innovations are highly complex and cannot be embraced by 

a singularly rational management task, and that more attention needs to be paid to the messiness of 

socio-technical system change. In this thesis, the aim is thus also to address this criticism and 

contribute to the SNM framework with novel insights on sustainable innovation processes and how 

these can be supported.  

 

The study of the literature on transitions has shaped the thesis significantly in a number of ways. First, 

the multi-level perspective (MLP) is chosen as the central framework for understanding the 

sustainable transition of a socio-technical system, as it includes a broad, institutional perspective on 

sustainable innovation processes, which is particularly relevant for studying the construction industry. 

Second, the thesis focuses on investigating the innovation journeys within the framework of the MLP 

and within the context of the construction industry with the aim of contributing to a more profound 

understanding of how these sustainable innovations travel from the niche level and into the regime, 

thus igniting a transformation of the regime. Furthermore, the thesis includes a specific focus on the 

escape process of innovations (i.e. the specific part of the innovation journey where innovations 

escape the niche level and enter the regime). Finally, the thesis aims to contribute with a new 

perspective on how niche innovations can be supported, thus addressing the criticism of the SNM 

framework’s structured approach to niche innovation management. 
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The literature on sustainable innovations within construction is reviewed in order to map the current 

knowledge that this thesis contributes to and builds upon, as well as to identify the specific gaps it 

addresses. However, in the literature review process, it soon became clear that there is a significant 

gap regarding innovation processes within sustainable construction. Häkkinen and Belloni (2011), for 

example, have studied the enablers and barriers for sustainable building with findings that indeed 

contribute to understanding some of the mechanisms (e.g. the awareness of clients about the benefits 

of sustainable building) that are essential for the sustainable transition of the construction industry. 

However, they do not pay particular attention to the fact that, according to the MLP, innovations are 

‘the seeds of transition’ (Geels and Schot 2010, p. 24) and thus are essential in the transition process. 

As a consequence, the literature study has been structured sequentially, meaning that innovation 

processes in construction have been studied first, resulting in an overall understanding of the 

characteristics of the construction industry that significantly affect an innovation’s process within this 

context. Subsequently, the specific characteristics and conditions related to sustainable innovations 

and their processes are reviewed and discussed. This thesis thus positions itself in the interplay 

between these two strands of literature: innovations in construction and sustainable innovations. 

 

Construction is often considered one of the least innovative sectors of the economy (Pulkka and 

Junnila 2015). The reasons for this are found in the complex characteristics of the industry (Slaughter 

1998, Orstavik 2014). Constructed products are complex product systems and the construction 

industry is a complex systems industry (Winch 1998). The construction industry features a high degree 

of uncertainty due to unfamiliar management approaches, lack of uniformity, unpredictability of the 

environment, high dependency on a large number of technologies, a rigid sequence of operations, and 

overlapping stages (Gidado 1996, Dubois and Gadde 2002a). As a means of coping with this 

prevailing complexity, the construction industry has the features of a loosely coupled system (Weick 

1976, Dubois and Gadde 2002a). This means that in individual projects, the couplings between the 

companies involved are tight, but in the construction industry in general the companies are loosely 

coupled, which makes it possible for them to cope with the high degree of uncertainty and 

interdependence. This particular pattern of couplings favours productivity in projects, while innovation 

suffers (Dubois and Gadde 2002a). When innovation in construction does take place, it often occurs in 

connection with building projects. This means that innovation in construction is a collaborative 

engagement of multiple actors with different economic logics (Winch 1998, Bygballe and Ingemansson 

2014) and that changes, such as innovation, affect not only the individual company but also other 

actors, resources, and activities. Additionally, extending an innovation on one project to another is 

rather difficult due to the customization of each project and the varying project owners or clients 

(Gambatese and Hallowell 2011a).  

Since innovation often takes place in connection with building projects where multiple actors 

are involved over a long time, achieving innovation in construction is a matter of creating benefits for 

many different actors (Bygballe and Ingemansson 2014), particularly the clients and manufacturers 

(Blayse and Manley 2004). This dependency on numerous actors also means that the innovation 
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process can be influenced by conflicting interests and the relationships between individuals and firms 

within the industry and between the industry and external parties (Blayse and Manley 2004). 

Especially for radical innovations, relevant collaborators might be found outside the innovating unit’s 

existing networks (Pulkka and Junnila 2015). Internally in the innovating unit, enablers of innovation 

are found to include support from upper management, good communication within the unit 

(Gambatese and Hallowell 2011b), and the nature and quality of organizational resources (Blayse and 

Manley 2004). Furthermore, the roles and tasks of the various actors in the construction industry have 

become highly routinized and standardized in order to manage the complexity of construction 

processes (Kadefors 1995, Toppinen et al. 2018). Due to such established behavioural patterns, 

changing the dynamics of the construction sector is not straightforward (Rohracher 2001).  

Considering the contextual influences on innovations, the strong institutionalization of the 

construction industry is found to be a highly critical characteristic (Kadefors 1995, Rohracher 2001). 

The institutions of the construction industry – the governmental regulations, the standardizations 

initiated by the industry, the tendering system, roles and interest organizations, standardization of 

skills and knowledge, and learning and routine (Kadefors 1995) – form a setting that locks in the 

existing regime, creating a barrier for systemic changes and thus hindering innovations’ escape 

(Orstavik 2014). As a consequence of the strong institutionalization of the construction industry, strict 

regulations and codes play a prominent role in innovation processes, encouraging a lock-in into a 

specific technological trajectory that limits opportunities for other kinds of radical innovations (Griffin et 

al. 2010, Gambatese and Hallowell 2011a, Pulkka and Junnila 2015). Particularly the structure of the 

standardization process causes high requirements regarding safety, durability, and compatibility of, for 

example, materials (Dewald and Achternbosch 2016).  

Finally, a great deal of literature has identified the conservative nature of the construction 

industry as an essential barrier for innovation in construction. Often, perceived increase in cost (Griffin 

et al. 2010), aversions to risk and change (Gambatese and Hallowell 2011a), and strong path 

dependencies to established procedures, for example the selection of materials and structural 

systems (Hemström et al. 2017), are hindering the implementation of innovations in construction 

projects. Conservatism is closely related to actors and roles, being those who manifest conservatism, 

and to the institutions that nurture and maintain the conservative nature.  

To sum up, the characteristics of the construction industry that affect innovation processes are 

found to be: (1) that innovation takes place in projects as a consequence of the loosely coupled 

companies; (2) the organization of actors (internal and external) who often hold standardized roles; (3) 

a strong institutionalization with strict regulations and lock-ins into specific trajectories for innovations; 

and (4) conservatism, including aversions to change and path dependencies to established 

procedures.  

 

It lies in its innovative nature that an innovation is always directed towards an uncertain future (Berker 

2010). Due to the complexity and long-sightedness of the sustainability agenda, sustainable 

innovations are particularly uncertain. For ‘normal’ innovations, the end of the journey is when the 

innovation is implemented. However, sustainable innovations have to consider their effects after 

implementation; that is, how they are contributing to a sustainable society in the long run. And since 
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sustainable innovations are targeting a highly uncertain future, they have to be reflexive, adaptive, 

‘fluid’, aware of their consequences, and therefore open-ended, and, as a consequence, sustainable 

innovations are characterized by a high degree of risk and uncertainty (Berker 2010, Linder and 

Williander 2017). Furthermore, sustainable innovations are often associated with substantial costs, 

and, since it is impossible to predict the degree of sustainability caused by specific innovations in the 

long run, the immediate value of sustainable innovations is difficult to prove (Sartorius 2006). 

Furthermore, sustainable innovation projects are characterized by higher levels of inter- and intra-firm 

collaborations (Hall and Vredenburg 2003), and they are more complex than conventional, market-

driven innovations, because companies have to consider a wider range of stakeholders and their often 

contradictory demands (Petruzzelli et al. 2011). 

These characteristics of sustainable innovations (that they are particularly complex and 

uncertain, have to be open-ended, are perceived to be costly, and require a high degree of 

collaboration) are most likely to be valid within the specific context of the construction industry. 

However, as mentioned above, there are few studies on sustainable innovations and their processes 

within construction. Considering the sustainable transition of the construction industry, even fewer 

studies are investigating construction based on the MLP framework. Two studies, however, should be 

mentioned here, as these both apply the MLP for studying niche and regime dynamics within 

construction. First, Thuesen and Koch (2011) describe the characteristics of the Danish construction 

industry as a regime and identify three niches that challenge the configuration of the existing regime: 

Lean Construction/Last Planner System, building information modelling (BIM), and system deliveries. 

The paper proposes a strategy for understanding and facilitating innovation activities in construction 

by mapping the predominant regime, overall societal trends, and different niches. Second, Nykamp 

(2017) explores the industrial changes towards sustainability in the Norwegian construction industry by 

applying the MLP framework. The paper finds that three phases have characterized the development 

of green building in Norway: the eco-building period (1998–2003), the low-energy house period (2004–

2008), and the passive-house period (2009–2013). The findings indicate that the transition has moved 

forward through an interplay between innovations in niches, a growing constituency around green 

building, and a string of regulative and market changes.  

By studying the construction industry through the lens of the MLP in order to explore and 

understand the ongoing dynamics within sustainable construction, the two papers contribute with 

mappings of specific niches that all have or have had a significant impact on the transition towards 

more sustainable construction. However, the innovations within these niches, and how they encounter 

the regime, are not investigated. Thus, this thesis, with its aim of investigating how sustainable 

innovations are taking place, positions itself in relation to the existing literature by adding a specific 

focus on sustainable innovation processes and how niche and regime dynamics influence such 

processes.  

 

The literature study is rounded off with a view on some of the current approaches for implementing 

sustainable construction in practice. Inspired by the mapping of niches by Thuesen and Koch (2011) 

and Nykamp (2017), the intent is to illustrate some of the rising agendas with the potential to 



14 

contribute to the sustainable transition of the construction industry, and in which innovations play a 

central role.  

Circular construction is a sustainability approach that has been introduced within the last few 

years with an increasing focus from both the government and companies. It builds upon the circular 

economy paradigm and the cradle-to-cradle principles where waste is viewed as a resource, and the 

aim is to create enhanced, full-circular flows of goods and services (Ellen MacArthur Foundation 

2015). The circular economy represents a change of paradigm that focuses on the valuation of 

materials within a closed-looped system with the aim of allowing for the use of natural resources while 

reducing pollution, avoiding resource constraints, and sustaining economic growth (Winans et al. 

2017, Prieto-Sandoval et al. 2018). In short, the founding principles of circular construction lie in the 

better management of resources (Pomponi and Moncaster 2017). This can be achieved, for example, 

by designing buildings for disassembling and planning the deconstruction of the building early in the 

design phase (Jensen and Sommer 2016).  

Certification schemes or environmental building assessment methods, such as DGNB, 

BREEAM, and LEED, are a second sustainability approach that has steadily increased its application 

in practice since the introduction to the construction industry globally in the early 1990s (Jensen and 

Birgisdóttir 2018). Recently, the sustainability effects of certification schemes seen from an industrial 

and societal point of view have likewise received growing attention from the academic community. In 

research, the certification schemes are found to contribute significantly to the sustainable development 

of the construction industry, as they provide a methodological framework to measure and monitor the 

environmental performance of buildings. Furthermore, they contribute to the operationalization of the 

concept of sustainable construction as well as raising the awareness of the importance of sustainable 

development in the construction industry (Ding 2008, Schweber 2013). However, the certification 

schemes are still too demanding in terms of communication and interaction between members of the 

design team, and are too inflexible and complex to fully explore their potential for supporting the 

sustainable development of the construction industry (Ding 2008, Landgren and Jensen 2018). More 

attention needs to be paid to the engagement with, and understanding of, sustainability in general 

rather than knowledge of technical solutions (Schweber and Haroglu 2014).  

The thesis is inspired by these (and other) sustainable construction approaches, for example 

in the selection of the cases that are studied, where e.g. the circular construction agenda is specifically 

considered. Sustainability approaches thus represent an element of the context in which the 

innovation processes, as the unit of analysis in this thesis, are taking place.  
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This chapter describes the underlying assumptions and choices that my research is based upon by 

outlining the philosophical position taken. Furthermore, the research approach, inspired by a specific 

empirical observation, is introduced, followed by a description of the methods used for studying and 

collecting data on innovation processes in sustainable construction.  

 

A research paradigm (Kuhn 1996) is a framework that ties together the different elements of research; 

that is, ontology, epistemology, and methodology. An ontology defines the researcher’s assumptions 

about reality, epistemology considers knowledge, and methodology is concerned with the strategy of 

research for designing, selecting, and connecting methods (Creswell 2013).  

Saunders et al. (2009) argue that the research paradigms of positivism, interpretivism, and 

pragmatism are particularly relevant when studying business and management research. Since this 

thesis focuses on innovation processes and how these can be managed, these three paradigms are 

considered here. Table 1 presents a brief overview of the three research paradigms.  

Table 1. Overview of relevant research paradigms (based on Saunders et al. (2009)) 

Considering ontology – that is, my assumptions about the nature of reality (Saunders et al. 2009) – I 

am as a researcher devoted to subjectivism, where social phenomena are seen as created from the 

perceptions and actions of the connected social actors, rather than objectivism, where social entities 

exist independent of social actors. I thus acknowledge that social factors, including myself, are 

influencing the phenomena studied in this thesis, thus making the findings context-specific and limited 

in their generalizability. Having said that, in terms of epistemology, I am not solely devoted to studying 

the role of social actors, as is the case of interpretivism. With innovation processes as the unit of 
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analysis of this thesis, I also consider institutional phenomena, such as regulations, in order to 

investigate the factors that influence an innovation process. In my research, I have thus been devoted 

to pragmatism (Peirce 1978), where the research question is more important than the method or the 

underlying worldview (Tashakkori and Teddlie 1998). I have to a high degree applied the pragmatist 

credo of “what works” (Tashakkori and Teddlie 1998, p. 21) in order to carry out research that 

contributes to the sustainable development of the construction industry. I have thus chosen the 

methodological tools that I have deemed appropriate for answering my research questions and used 

the results in ways that can bring about positive consequences within my value system, rather than to 

contribute to debates about concepts such as truth and reality (Tashakkori and Teddlie 1998). 

 

In my research, I have been driven by an empirical observation that took place in 2015, a few months 

after I started my research project. I was moderating a series of keynote talks at an industry 

conference on sustainable construction, and one of the speakers was Tine Hegli, a Norwegian 

architect at the internationally renowned practice of architecture Snøhetta. She talked about the 

process of designing and constructing a highly sustainable state-of-the-art building, and to describe 

this myriad of actors entering and leaving the project, continuously adding knowledge and value to the 

project, she showed an image of a flock of starlings, a so-called murmuration (see Figure 4). 

 

Figure 4. Tine Hegli, Snøhetta, presenting on Building Green Conference, 2015 (author’s photo) 

This image and its narrative made a great impact on me. Because it originated from a practitioner who 

has had considerable experience as a participant and project leader of a sustainable innovation 
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project in practice, it somehow seemed ‘true’ in describing the process. Furthermore, it held a very 

illustrative and, at the same time, complex and detailed narrative, which I sensed had something to 

offer both practitioners and researchers.  

In the process of investigating innovation processes within sustainable construction, the 

murmuration metaphor has been unfolded through an approach similar to Alvesson and Kärreman’s 

(2007) mystery as method. This research methodology focuses on the active discovery of mysteries 

and the solving of these by reflexively challenging established theory based on empirically found 

deviations. Seeing an innovation process as a murmuration intuitively challenges the traditional, 

structured understanding of an innovation process, with Van de Ven et al.’s (1999) Innovation Journey 

as a seminal cornerstone. Driving my research forth, I have thus allowed myself to study the 

unexpected, untraditional character of seeing an innovation process as a murmuration by asking: 

“What is going on here?” (Alvesson and Kärreman 2007, p. 1270). How can seeing innovation 

processes within sustainable construction as a murmuration generate novel insights? The 

murmuration metaphor is thus established as a mystery, which opens up the potential of contributing 

to existing theories (Alvesson and Kärreman 2011).  

Following the mystery-as-method approach, to investigate and potentially solve the mystery, I 

have unravelled the phenomenon of the murmuration metaphor by investigating the different aspects 

and characteristics of innovation processes, thus synthesizing and connecting ideas from different 

bodies of thought “to create a coherent package” (Alvesson and Kärreman 2011, p. 72). The papers 

that form the empirical foundation of this thesis are based on the different research streams outlined in 

the previous sections. This means that the findings of the thesis, including the proposed murmuration 

perspective, contribute to the literature on sustainable transitions and innovation in construction. The 

aim is not to criticize or challenge Van de Ven et al.’s (1999) Innovation Journey, but rather to propose 

a novel perspective on innovation processes based on empirical observation done within the specific 

context of sustainable construction. The role of the Innovation Journey in this thesis is thus solely to 

form the basis for creating the mystery of the murmuration, as it encompasses a clear contrast to the 

chaotic non-structure of the murmuration.  

My research approach resembles abduction (Peirce 1978), which likewise includes an interest 

in novel thinking and challenging dominating ideas and theory, encouraged by empirical findings 

(Kirkeby 1994). In abduction, the observation of a surprising empirical phenomenon; that is, an 

observed deviation from an established rule or theory, gives rise to the articulation of a new 

interpretive rule or theory that resolves the surprise (Peirce 1978, Alvesson and Kärreman 2007). This 

also includes an approach of going back and forth between research activities and between empirical 

observations and theory, thus expanding the understanding of both theory and empirical phenomena 

(Dubois and Gadde 2002b).  

 

The majority of the findings in the papers, and thus in the thesis, are based on case studies. This 

particular research method is chosen because the research questions focus on how and why rather 

than what or how many (Yin 2014), and because the aim is to investigate a contemporary 

phenomenon (i.e. innovation processes) in depth and within the context of the construction industry. 
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Furthermore, case studies offer a strategy for understanding the dynamics present within single 

settings (Eisenhardt 1989) and thus to generate context-dependent knowledge (Flyvbjerg 2006), 

which is exactly the aim here: to study innovation processes within sustainable construction.  

The case studies have benefited from existing theory to guide the data collection and analysis 

(Yin 2014). Considering a phenomenon in the light of a theoretical framework does not mean that the 

study is constrained by having to adhere to previously developed theory, and not all relevant literature 

has been reviewed beforehand (Dubois and Gadde 2002b). Instead, existing research has formed a 

theoretical background that has been developed and modified throughout the project, as the ‘need’ for 

theory has been created along with the process of conducting the case studies (Dubois and Gadde 

2002b). 

Both single-case and multi-case studies are used in the papers. The strength of the single-

case study is that it can richly describe the existence of a phenomenon (Eisenhardt and Graebner 

2007), whereas findings from multi-case studies are generally better grounded, more accurate, and 

more generalizable, and they enable comparisons that clarify whether an emergent finding is simply 

idiosyncratic to a single case or consistently replicated by several cases (Eisenhardt and Graebner 

2007). The case studies are based on a mixed methods design that relies on multiple sources of data 

(Yin 2014), thus combining semi-structured interviews (Kvale 2007) with secondary interviews, reports, 

and documents produced by, for example, government authorities and professional consultancies.  

Expert interviews (Meuser and Nagel 2009) were used in Paper A as a concentrated method 

of gathering broad and widespread data to explore the state-of-the-art of sustainable construction in 

Scandinavia. The notion of ‘expert’ in research methodology refers to a person with a particular 

knowledge that he or she may not necessarily possess alone but which is not accessible to anybody in 

the field of action under study. Experts usually have a privileged access to information about groups of 

persons or decision processes and have a high level of aggregated and specific knowledge that is 

otherwise difficult to access (Meuser and Nagel 2009).  

Finally, two workshops were conducted to test the validation of the initially proposed 

murmuration metaphor, as further described in Paper E. Table 2 presents an overview of the studies 

that form the empirical data of this thesis. 
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Table 2. Empirical studies and their applications in the papers 

In the five papers included in the Appendix, the specific research designs, analytical approaches, and 

theoretical frameworks are described in detail. However, a few comments should be included here 

regarding the reasons for selecting these specific cases that all relate to sustainable innovations 

targeting the Danish market for construction materials. First, the Danish context is chosen in order to 

increase the access to cases, since my personal network, upon which I have drawn to get in contact 

with relevant respondents, lies within Denmark. Although this choice narrows the context and hence 

the generalizability of the findings, the Scandinavian countries are still found sufficiently comparable 

for the conclusions to be relevant for all three countries as well as in similar (European) contexts. 

Second, the focus on innovation products targeting the market for construction materials and not, for 

instance, process innovations related to e.g. sustainable building designs, has been chosen to ensure 

comparability across multiple cases. The product innovations are all embedded within the same 

sector, and are thus subject to the same regulatory, institutional, and cultural context. Design-related 

innovations would have been much more influenced by the specific setting of the building project, e.g. 

the brief, the client, the constellation of actors involved, the physical location, etc. The selected case 

innovations vary in terms of technology, size, and complexity, thus representing a broad spectre of 

innovation products. Furthermore, the innovations are classified as sustainable, based on an 

assessment of the innovations’ environmental performance compared to alternative existing solutions, 
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and mature; that is, the innovations are fully developed and in the process of being implemented on 

the market.  

A final methodological comment concerns the use of metaphor. In this thesis, the murmuration 

metaphor is used an illustrative device (Alvesson 2002) with the aim of creating a new awareness 

(Brown 1976) and extending horizons of insight (Morgan 1986). The strength of the metaphor is to 

illuminate aspects of a system and shadow others, thus creating meaning and understanding of 

complex situations by applying an appropriate mix of similarity and difference between the metaphor 

and what it represents (Alvesson 2002).  

Besides the previously mentioned Innovation Journey (Van de Ven et al. 1999), there are 

numerous examples of the use of metaphors to illustrate and compare innovation approaches 

(Dodgson et al. 2005). Takeuchi and Nonaka (1986), for example, describe the Western innovation 

approach in the 1980s as a relay race, where the product development process was managed 

sequentially. In contrast, Japan’s rugby approach complied with the increasing competitive 

requirements for speed and flexibility by managing innovation teams as a unit that could pass the ball 

back and forth while moving forward. Considering the construction industry explicitly, Haugbølle 

(2018), for example, has explored a number of metaphors for information integration such as 

‘knowledge as flows’ and ‘knowledge as practices’. In this thesis, the potential of murmuration as a 

generative metaphor (Schön 1993) – that is, a metaphor that generates seeing rather than describing 

a situation – has been explored in order to contribute with a novel perspective on innovation 

processes in sustainable construction. 
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The core of the thesis is based on five peer-reviewed papers, the main findings of which will be 

presented in this chapter. Paper A explores the state-of-the-art of sustainable construction from an 

empirical perspective, conceptualizing and establishing innovation processes as the phenomenon of 

interest in the thesis. Paper B, C, and D, based on both theoretical and empirical material, elaborate 

on innovation processes within sustainable construction by outlining the characteristics of such 

processes, identifying influencing mechanisms, and studying how these can be managed in practice. 

Finally, Paper E introduces murmuration as a holistic metaphor for understanding and discussing 

innovation processes in sustainable construction.  

All papers are found in their full length in the Appendix in Chapter 8. In the current chapter, the 

substance of the papers is presented and selected findings are extracted in order to present a 

condensed and holistic narrative that is relevant for the purpose of the thesis. Details about data 

sources, the empirical contexts, research approaches, theoretical and analytical frameworks, etc. are 

found in the papers in the Appendix. 

 

The research objective of this paper is to understand the state-of-the-art within sustainable 

construction and to map the potential future of the field in order to identify a relevant research agenda 

for innovations in sustainable construction. The multi-level perspective (MLP) forms the theoretical 

background with the notion that innovations play an essential role in sustainable transitions, and the 

unit of analysis here is thus the innovations necessary for supporting the development of sustainable 

construction in Scandinavia. The spatial focus on the Scandinavian countries (i.e. Denmark, Norway, 

and Sweden) relates to the argument that Scandinavia is often considered to be a frontrunner within 

sustainable construction (World Green Building Council 2013, Strand et al. 2014), and hence a 

research agenda based on the assessment of the future of sustainable construction in Scandinavia 

will be of significant global relevance.  

Twelve experts (including researchers, consultants, managers, directors, and CEOs) from 

universities, non-governmental organizations, private companies, and governmental and 

administrative organizations in Denmark, Norway, and Sweden were interviewed to gain a broad 

understanding of the potential directions for sustainable construction. The experts broadly agreed on 

five future agendas for sustainable construction. First, the environmental aspect of sustainability will 

focus more on emissions than on energy. Second, in connection with the increased focus on 

resources and emissions, the circular economy agenda will rise within construction as an approach for 

assessing and managing the costs of the materials and buildings, their energy and resource 

consumption, and their greenhouse gas emissions in a cradle-to-cradle perspective. Third, as the 

regulations for new buildings become stricter, the focus will turn towards refurbishment of the existing 

building stock, particularly residential buildings, since for example 51% of the energy consumption in 
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buildings in Denmark originates from single-family houses (Wittchen et al. 2014). Fourth, the 

circumstances for collaboration and management of construction projects will change, as new types of 

actors (e.g. Google or Airbnb) enter the construction industry. Fifth, the social aspect of sustainability 

(e.g. the indoor climate, health and safety, and the functionality of the building) will increase, whilst the 

focus on technical solutions will decrease.  

To support the rise of these five agendas for sustainable construction, the experts pointed at a 

number of innovations that were needed, for example technologies for registering emission data, BIM 

technology as the key to implementing circular economy in construction, low-priced products for 

residential refurbishment, new forms of collaboration, and models for user-behaviour-oriented design. 

Besides all agreeing on the agendas, the experts expressed a clear belief that the necessary 

technologies and innovations are coming along: “we already have the technology for it,” a Norwegian 

architect said.  

The expert interviews showed that the future agendas for sustainable construction are quite 

clear. Furthermore, the innovations or technologies needed for these agendas to materialize are 

incremental, and thus the path towards a sustainable transition of the construction industry seems 

rather straightforward. However, recent global and local reports (e.g. IPCC 2018, Klimarådet 2018) 

emphasize that significant efforts are needed within the construction industry in order to contribute to a 

sustainable society. The contradiction is striking and rather alarming. If the frontrunner countries’ 

experts believe that the sustainable transition of the construction industry is coming along 

incrementally, could there be a severe risk of ‘the blind leading the blind’, with the consequence of not 

fulfilling the global goals for obtaining a sustainable society? Furthermore, the overall agreement of the 

experts and their fair understanding of the forthcoming development of the necessary innovations and 

technologies indicates that the efforts needed to support sustainable construction relate more to the 

process of innovations than to the innovations themselves. The study thus gives rise to a research 

agenda that focuses on innovation processes in order to develop a profound understanding of how the 

sustainable transition of the construction industry can be supported.  

 

Building on Paper A’s finding that innovation processes are of particular interest when studying the 

sustainable transition of construction, Paper B investigates how sustainable innovation processes 

within construction are characterized in the literature.  

The construction industry is infamous for being conservative and non-innovative (Håkansson 

and Ingemansson 2013, Pulkka and Junnila 2015), with low investments in R&D and innovation 

programmes (Bygballe and Ingemansson 2014). Previous research (e.g. Gambatese and Hallowell 

2011b, Häkkinen and Belloni 2011) shows that the implementation of innovations in the construction 

industry are particularly challenged. A similar argument is found in the MLP literature, where Smith 

and Raven (2012) argue that innovations’ escape from the niche level and into the regime is 

understudied. Thus, based on the MLP framework’s argument that the sustainable transition of a 

regime involves both the development of strong alternative innovations in niches and favourable 

openings in the regime (Schot and Geels 2008, Smith et al. 2010), the aim of the paper is to 
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understand how sustainable innovations escape (Smith and Raven 2012) the niche level and enter the 

regime. The research objective of this paper is to investigate the contextual factors that characterize 

the escape process when sustainable innovations within the construction industry journey from niche 

to regime. 

Two streams of literature are reviewed: the literature on the MLP and the literature on 

innovation in construction. The MLP literature offers a concentrated focus on the phenomenon of 

interest in the paper (an innovation’s escape process), but within a generic (i.e. not construction-

specific) context. The literature on innovation in construction focuses on innovation processes in 

general (i.e. not escape processes specifically) within the context of interest in this paper (i.e. the 

construction industry). The intent of combining these two streams is thus to develop an analytical 

framework for investigating the factors that influence innovations’ escape processes within the 

construction industry. Table 3 presents an overview of the specific characteristics and factors found in 

the literature to influence an innovation’s escape process from the niche level and into the regime.  

Table 3. Factors influencing an innovations’ escape process 

These seven factors that are identified in the literature review to have particular influence on 

innovations’ escape process form the analytical framework on which eight case studies of sustainable 

innovations within the Danish construction industry are based. The case studies investigate the 

relevance of the identified influencing factors in practice. All factors are found in the cases, with 

protection, actors and roles, and institutionalization being the most mentioned factors to have 

influenced the innovations’ journeys. In Table 4, the influencing factors found in the eight cases are 

listed together with illustrating quotes from the cases.  
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Table 4. Influencing factors on sustainable innovations’ escape from niche to regime 

Looking across the different categories, the influencing factors are found to overlap and link with each 

other, indicating that the process for sustainable innovations within construction to escape the niche 

level is multifaceted and highly complex. As illustrated in Figure 5, all categories, whether stemming 

from the MLP literature or the literature on innovations in construction, are interlinked.  
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Figure 5. Connections and overlaps between the influencing factors 

The category of regime-landscape processes is connected to protection, as landscape factors, such 

as climate change or political agendas, have an essential impact on, for example, the potential for 

funding or subsidies: “The change of government meant that they eliminated the subsidy for solar 

heating, and we lost basically all sales overnight. It was a disaster”, a respondent explained. 

Protection also includes factors that empower innovations to enter the regime, e.g. through 

transformation of regulations so that they enable the implementation of innovations. However, 

regulations are also a part of the institutionalization category, where together with interest 

organizations and standardizations they lock the regime into its current state, complicating the 

innovations’ escape into the regime. These institutions set up requirements for documentation of the 

innovations’ properties; however, gaining documentation is difficult, as the standards do not support 

innovations. A respondent explained: “We are in a position, where there are no standards that fit our 

product”.  

The reluctance of the institutions regarding innovations is connected to the conservatism 

category, where both the regulations and the actors of the regime are found to be resistant to change. 

This connects to the category of actor and roles, where particularly the standardized roles of the 

regime actors are contributing to maintaining the regime as it is. Furthermore, the right collaboration 

partners, both internal and external actors, were emphasized as a factor that can make a great 

difference in strengthening the innovation. This connects to the category of compatibility, where the 

cases showed that it is essential to collaborate with established companies in the regime: “It can be 

very difficult to launch the market on your own, it is better to do it together with someone”, a 

respondent argued.  In addition, making the innovation compatible with the existing infrastructure of 

the regime (e.g. by designing an innovative rainwater management system to have the same format 

as existing tiles) reduces the regime’s reluctance to innovations and enhances the entry into the 



26 

regime. Being compatible is also emphasized in the innovation in projects category, where the 

importance of having the innovation implemented in relevant building projects is highlighted, as it 

raised the regimes’ familiarity with and acknowledgement of the innovation.  

Looking across the different categories and the connections between the influencing factors, 

Figure 5 reveals two clusters of connected factors. First, the barriers cluster includes factors that 

hinder the innovations’ escape process; that is, the standardized roles that lock in the regime and 

nurture the conservative nature of actors and regulations, which influence and are influenced by the 

institutions that have an interest in maintaining the regime as it is. Second, the drivers cluster includes 

the factors that enable the innovations’ escape process through collaboration with varying partners 

with relevant competences, engaging with established companies, fitting into the existing infrastructure 

of the regime and being implemented in building projects. The driving factors resemble the 

empowering process of ‘fit and conform’ (Smith and Raven 2012), where the innovations, in order to 

cope with the regime’s resistance to change, engage as much as possible with the regime itself, rather 

than ‘stretch and transform’ (Smith and Raven 2012) the existing regime. In other words: if you can’t 

beat them, join them! 

Based on the literature review and the case studies, the findings illustrated in Figure 5 indicate 

that the literature on the MLP and innovation in construction combined offers an adequate foundation 

for understanding what kind of contextual factors influence the escape processes of sustainable 

innovations within construction. Furthermore, the practical, empirically based factors found in the 

cases expand and nuance the configuration of the context that influences innovation processes. 

However, to gain a holistic understanding of the innovation processes within sustainable construction, 

which is the overall aim of this thesis, it is not sufficient to understand what is influencing the process. 

How these factors affect the innovation process – the dynamics of the factors and the mechanisms 

between the influencing factors and the innovations – is still unclear and requires further research.  

 

The objective of this paper is to study the dynamics of the factors that influence a sustainable 

innovation project as it journeys from the niche level and into the regime. The term dynamics here 

relates to the type of influence the factors have on the innovation in order to identify different 

management approaches in an innovation journey. Through a focus on the critical incidents 

(Weatherbee 2010) of an innovation journey, the aim of this paper is thus to understand how critical 

factors shape the process of an innovation and outline how such incidents can be dealt with in 

practice. The management of innovations adds a novel perspective to the thesis’ investigation of 

innovation processes within sustainable construction.  

In the literature closely connected to the MLP, strategic niche management (SNM) is 

presented as a framework for understanding and managing niche innovations. SNM is primarily useful 

for national and regional governments, as it offers a framework for creating, developing, and phasing 

out niches or ‘protective spaces’ for experimental projects in order to nurture path-breaking 

innovations (Kemp et al. 1998, Smith and Raven 2012). SNM emphasizes three interrelated 

processes leading to successful niche management: managing expectations, building social networks, 
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and learning processes (Schot et al. 1994). However, SNM has been criticized for not taking into 

account the complex dynamics of niche innovations and the messiness of socio-technical system 

change (Lovell 2008, Smith and Raven 2012, Raven et al. 2016). The current paper takes this 

criticism as its starting point by arguing that since projects are usually the means by which innovation 

takes place (Brady and Hobday 2012), it is relevant to understand and incorporate the dynamics and 

management approaches occurring in innovation projects in the SNM framework. 

By applying the critical incident method (Weatherbee 2010), the journeys of three niche 

innovation projects from the Danish construction industry are explored with a specific focus on the 

dynamics of these incidents. Across the three cases, two mechanisms are found that describe how the 

incidents influence the innovation’s journey and how they can be managed. On the one hand, some 

incidents are manageable; that is, their influence on the innovation can be foreseen, they can be 

planned to take place, and the outcome can to some extent be managed to strengthen the innovation 

depending on the specific approach. On the other hand, some incidents are coincidental and happen 

by chance, steering the innovation projects in new directions without the innovators being able to 

directly plan or manage the incidents. 

The manageable incidents in the cases are found to be connected to (1) the existing 

technology, (2) funding, (3) the existing regime, and (4) implementation. First, the innovation journeys 

of all the cases have taken off with entrepreneurs seeing the potential in an existing technology and 

how value can be created by refining or introducing this technology to a (new) market. This process for 

developing, refining, and adapting existing technology to become relevant for a market can be 

planned. Second, obtaining funding has been a critical factor in all the cases, which can be managed 

by meeting the requirements of the subsidy schemes. Third, the existing regime (i.e. the actors already 

established in the market, their norms, and existing procedures) is found critically reluctant towards the 

entrance of innovations. The cases illustrate that innovators can form strategic partnerships with 

existing regime actors to gain credibility and market entrance. Fourth, in all three cases, getting 

involved and implemented in a large-scale building project is the alpha and omega for the success of 

the innovation. And aiming the sales promotion at specific actors can increase the chance of having 

the innovation implemented in high-profile building projects.  

The coincidental incidents that happen by chance revolve around (1) fortuitous meetings, (2) 

personalities, (3) personal connections, and (4) landscape factors. In the cases, these factors have 

been managed or dealt with rather pragmatically by exploring the opportunities and new scenarios 

caused by the incidents and just going with it. First, fortuitous meetings between, for example, future 

business partners have had a great impact on the innovations and their journeys. In the cases, the 

innovators have responded to these coincidental meetings by following their gut feeling and exploring 

the possible fruitful potentials. Second, the personalities of the people involved in the innovation 

projects are found as both drivers and barriers to the progress and development of the innovation. 

Here, the positive energy of the involved personalities has been utilized and the opposing forces dealt 

with in the best possible way. Third, personal connections of the innovators have indeed influenced 

the journey of the innovations. An innovator, for example, activated his personal connections in 

particularly critical times, resulting in the innovation being implemented in spectacular building 

projects. Fourth, landscape factors such as political incidents or societal trends have, for example, 

hindered the financial support or generated a place in the spotlight for the innovations. In the cases, 
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the innovators exposed to changing landscape factors have moved along and adapted to the new 

circumstances. 

The two types of critical incidents are summed up in Table 5.  

Table 5. Manageable and coincidental incidents  

The finding that some of the mechanisms that play essential roles in the cases of sustainable 

innovations’ journeys are coincidental adds a new perspective to the literature on the management of 

niche innovations, particularly SNM. The coincidental mechanisms do encompass examples of the 

management processes emphasized by SNM (Schot et al. 1994) – the importance of managing 

expectations (e.g. when dealing with different personalities), building social networks (e.g. using your 

personal networks), and learning processes (e.g. the overall strategy of following the critical factors, 

exploring the opportunities, and learning from the experiences). However, what differentiates the case 

study findings from the SNM framework is how these management processes are manifested in 

practice. The case studies show that management of niche innovation projects includes a high degree 

of flexibility and a pragmatic ad-hoc approach in order to respond to and utilize the potentials of the 

coincidental mechanisms. This understanding or acceptance that some things just happen by chance, 

as illustrated in the cases, and how innovation management is approached to include, embrace, and 

utilize the chaotic randomness of the surroundings is an essential aspect to include in the thesis’ study 

of innovation processes within sustainable construction. The following paper investigates these 

dynamics through the lenses of exploratory projects and ecosystem in order to gain an understanding 

of how a sustainable innovation process that is influenced by both plannable and coincidental 

mechanisms can be managed. 

 

Addressing the issue in focus in Paper B, that remarkably few innovations are introduced and 

implemented in the construction industry, and building upon the finding of Paper C, that a sustainable 

innovation process is influenced by both plannable and coincidental mechanisms, this paper 

investigates the breakthrough challenges of a radical, sustainable innovation and how that process 

can be managed. Based on the case of reused bricks, the research objective is to study the roles of 
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the ecosystem and exploratory projects in the breakthrough process of a radical, sustainable 

innovation, and how exploratory projects can be organized to transform the ecosystem.  

Literature within innovation management emphasizes the alignment of the ecosystem as 

essential for the value proposition of an innovation to materialize (Adner 2012, 2017). An ecosystem is 

characterized by the activities needed for an innovation’s value proposition to materialize, the actors or 

partners who are performing these activities, the positions of the actors in the flow of activities (who 

hands over to who?), and the links or transfers between the actors, for example material, information, 

or funds (Adner 2017). An ecosystem contains strategic implications for an innovation, such as 

bottleneck challenges that can be caused by one or more partners and can constrain the overall 

performance and alignment of the ecosystem (Adner and Kapoor 2010, Hannah and Eisenhardt 

2018). However, for radical, sustainable innovations, their implementation and breakthrough depend 

not only on the alignment of the ecosystem. In order to comply with the sustainability agenda’s focus 

on limited resources and minimization of waste production, the innovation’s ecosystem needs to 

transform its practices, positions, values, etc. This transformation of the ecosystem is particularly 

challenging for a small, innovative company that does not (yet) hold a solid position in the market. At 

the same time, it also holds great potentials for both the sustainable innovation and the society’s 

transition towards sustainability.  

Exploration is a central concept here, as radical, sustainable innovations contain a high 

degree of risk and uncertainty (Linder and Williander 2017) and therefore require a process that 

enhances creativity, experimentation, and open-endedness (Berker 2010). In contrast to exploitation, 

where the capturing terms include refinement, production, execution, etc., exploration includes 

experimentation, flexibility, and innovation (March 1991). In an exploratory project, experimental 

learning is facilitated with the aim of generating space for exploring an organization’s unknown 

unknowns in relation to new technical innovations, new practices, new business models, new markets, 

etc. (Brady and Davies 2004, Loch et al. 2006, Lenfle 2014). Lenfle (2008) has identified five 

characteristics of an exploratory project: a gradually defined strategy, no customer demand, uncertain 

objectives, the aim of creating new knowledge, and no clear urgency. Thus, exploratory projects offer 

a flexible and creative space for sustainable innovations to be developed, which holds the potential of 

supporting the process of transforming the ecosystem. 

Several models exist on multi-project management, for example portfolio management, 

platform management, and program management. However, these models do not take into account 

exploratory projects but focus on project alignment, investment and cost reductions, or grouping of 

projects (Maniak and Midler 2014). Lineage management, in contrast, includes an exploration process 

with the aim of expanding knowledge on a value domain. Lineage management suggests an approach 

for knowledge creation and innovation development that includes a lineage of projects with some 

exploitative and some explorative dimensions (Midler 2013). The paper thus investigates lineage 

management as an approach to transforming the ecosystem of a radical, sustainable innovation. 

The innovation process of a sustainable innovation within the Danish construction industry, the 

company Gamle Mursten (GM) who cleans and sells old bricks, is studied by mapping the role of the 

ecosystem and the exploration activities, and by analysing the innovation management approach as a 

kind of lineage management. In the journey towards establishing a solid position on the market for 

sustainable construction materials, GM has experienced two bottleneck challenges caused by the 
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ecosystem, which have significantly complicated the progress of the innovation. First, it has been 

extremely difficult to gain access to the old bricks; that is, to ensure that the demolisher would hand 

over the old bricks when tearing down old buildings: “There are thousands of red brick houses being 

torn down, but we are not getting our hands on them,” GM’s head of projects said. Second, providing 

the necessary documentation of the properties and content of the old bricks has been complicated by 

the existing regulations that did not consider reused materials and the procedures and facilities for 

testing and generating documentation, as they were also only set up for new materials. The head of 

projects explained: “We feel all alone in the world – we have to create everything from scratch.”  

As a response to the emerging challenges, GM implemented several projects. A technology 

for producing light façade panels was developed in order to optimize the utilization of the modest 

amount of bricks that GM was able to acquire. They scanned the possibilities of obtaining proper and 

sufficient documentation of the old bricks’ performance and properties, finding the CE mark as the 

ideal, though unobtainable, standard. Instead, a voluntary assessment documentation (EAD and ETA) 

was found and obtained, which eventually led to GM obtaining the CE mark. An environmental product 

declaration (EPD) of the reused bricks and a DGNB guide (the sustainability certificate system for 

buildings commonly used in Denmark) was produced. A mobile technology for the on-site sorting of 

old bricks was developed in order to optimize the chances of gaining access to the old bricks by 

offering increased flexibility and minimizing transportation. And finally, GM established a partnership 

with several recycling organizations in order to ensure continuous access to old bricks.  

Figure 6 illustrates how the initiated projects aimed to solve the two bottleneck challenges. 

Furthermore, the figure illustrates the ecosystem actors that caused the bottleneck challenges. For the 

access challenge, the implicated actors include the demolishers from whom GM buys the old bricks, 

the owners of the old buildings to be torn down, the waste regulations that at present do not require 

the specific sorting of bricks, and the road constructors who buy the crushed materials when these are 

not sold to GM. The documentation challenge involved the architects and building owners, the 

contractors and consultants, the established brickworks and their trade association, and the 

regulations and test institutions.  

 

Figure 6. GM’s ecosystem, bottleneck challenges, and initiated projects 

Looking at the story of GM, it becomes clear that the initiation of the different projects has been the 

key to unlocking the bottleneck challenges caused by the ecosystem. GM has pragmatically 
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discovered that something was blocking their way, in terms of both receiving and selling their old 

bricks, and as a response they have initiated one project after the other, exploitatively refining their 

innovation. However, GM has not been aware of what challenges they were actually addressing or 

how the projects could solve those challenges. They realized that they were a part of an ecosystem: 

“We are up against a very well-defined market and a well-defined system of supply and demand, 

procurement, chains of actors, organizations and unions,” the CEO said. However, the strategy for 

aligning the ecosystem has been very pragmatic and ad-hoc: “There are so many factors that make it 

difficult to plan a straight road upfront… I guess we are quite ad hoc,” the head of projects said. That 

they in practice have addressed the bottleneck challenges by exploring different solutions in the 

project first becomes visible when the case is studied through the lens of ecosystems and exploratory 

projects.  

The identified approach of GM, which includes exploring the ecosystem and gradually 

initiating strategic activities with both exploratory and exploitative dimensions in order to improve an 

innovation’s position in an emerging market, reflects the approach of multi-project lineage 

management (MPLM) (Midler 2013, Maniak and Midler 2014). The findings from the GM case thus 

add the ecosystem as a central element in lineage management.  

Small innovative companies such as GM are often positioned outside the ecosystem, trying to 

‘get in’, and they are often unaware of their ecosystem or not able to identify the elements of the 

ecosystem because the ecosystem is latent. In mature industries, such as the construction industry, 

the ecosystem is often stable and thus latent, and changes occur along existing trajectories (Adner 

2017). The ecosystem only becomes apparent when innovations require a change in the configuration 

of the ecosystem, and then, as for GM, the critical elements of the ecosystem are difficult to unveil. In 

addition, innovators with radical innovations often have a profound need for radical changes in an 

existing ecosystem for the innovation’s value proposition to materialize. For GM, their innovation 

required the partners to change their existing activities and, with that, change their relationships and 

links to other partners. This resulted in the emergence of critical bottleneck challenges, as the partners 

were reluctant to make the necessary changes, severely hindering the progress of GM’s innovation. 

Lineage ecosystem management, as presented in Table 6, is proposed as an approach for 

radical, sustainable innovations to manage their breakthrough process. First, the purpose of the 

innovation is explored in order to establish the sustainable value of the innovation as a central concept 

(Maniak and Midler 2014). An initial understanding of the ecosystem and the bottleneck challenges it 

causes is then explored through a series of projects that are connected through this concept. These 

projects are both exploitative, in terms of refining the innovation’s ability to overcome the bottleneck 

challenges, and explorative, in terms of understanding the ecosystem and how and why it is causing 

the bottleneck challenges. The cross-project learning in terms of knowledge and specific deliverables 

contributes to unlocking the bottleneck challenges and transforming the ecosystem.  
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Table 6. Lineage management vs. lineage ecosystem management 

The transformation of the ecosystem, due to the implementation of lineage ecosystem management, 

is necessary for a radical, sustainable innovation to break through, since the sustainability agenda 

requires new procedures, new collaborations, and new values in the ecosystem. One can question 

whether GM has transformed their ecosystem, as they have mostly adapted their own routines so that 

they fit into the dominant existing procedures of the ecosystem. However, particularly with the 

obtaining of the CE mark, which verifies that the quality of the old bricks corresponds to newly 

produced bricks, GM has managed to establish themselves in the market for construction materials. 

This indicates that the ecosystem lineage management approach of GM has contributed significantly 

in generating circularity in an otherwise very linear industry.  

To sum up, based on the empirical findings from studying the case of reused bricks, the paper 

proposes a model for lineage ecosystem management that pays particular attention to the specific 

contextual conditions of radical, sustainable innovations. Here, the ecosystem is a central element that 

causes critical bottleneck challenges, and thus lineage ecosystem management includes a series of 

exploratory projects that contribute to finding solutions to the bottleneck challenges, thereby 

transforming the ecosystem and its ability to support radical, sustainable innovations. 

 

The previous three papers have mapped the contextual factors that influence a sustainable innovation 

process, found that both manageable and coincidental mechanisms occur, and showed that the 

ecosystem is essential to manage and transform. Whereas these three papers have studied specific 

elements of an innovation’s journey from niche to regime, this paper takes a step back and considers 

the overall configuration of a sustainable innovation process. The research objective is thus to develop 

a cohesive understanding of the innovation processes within sustainable construction.  

A great deal of literature on both transition processes and innovation in construction argues 

that the configuration of the innovation processes that lead to a sustainable transition is unclear. 

Within the MLP literature, Berkhout et al. (2004) criticize the simplified conceptualization of the levels 

and their roles in the transition process, and Smith (2007) calls for a closer consideration of the 

processes by which niches and regimes interact and are interdependent. Within the literature on 

innovation in construction, Gibbs and O’Neill (2015) call for recognition of the complexity of the 
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processes, Bygballe and Ingemansson (2014) suggest more attention to the relations between the 

actors involved in innovation, and Harty (2008) requests wider debates on the nature of innovation. 

The intention of the current paper is thus to address this unclear, yet sought-after, understanding of 

the profoundness of innovation processes in sustainable construction by introducing murmuration as a 

generative metaphor (Schön 1993). 

The murmuration metaphor stems from the empirical observation of a Norwegian architect, 

who illustrated the process of designing and constructing a sustainable building with an image of a 

flock of starlings, a so-called murmuration. Biological research describes murmuration as the collective 

behaviour of starlings with the main goal of maintaining cohesion of the group when pressured for 

survival (King and Sumpter 2012). Not much is known about these aerial manoeuvres; however, a few 

‘rules’ or characteristics are identified. Each bird is found to interact with a fixed number of neighbours 

(on average six to seven) in order to optimize the balance between group cohesiveness and individual 

effort (Ballerini, Cabibbo, Candelier, Cavagna, Cisbani, Giardina, Lecomte, et al. 2008, Ballerini, 

Cabibbo, Candelier, Cavagna, Cisbani, Giardina, Orlandi, et al. 2008, Young et al. 2013). 

Furthermore, the leaders of the group are not necessarily the biggest or the strongest birds, and the 

leadership can shift position as other birds become better informed about the location of food or 

predators (Couzin et al. 2005).  

 

Figure 7. Murmuration and migration1 

As a metaphor for the process of an innovation project, murmuration represents a flowing, ever-

changing movement of interacting and interchanging actors leading the flock in shifting directions. As 

a contrast to murmuration, migration (see Figure 7) resembles a traditional, linear stage-gate 

managed project as a highly structured, well-proven, and effective approach for reaching an intended 

destination. However, in sustainable innovation projects, the destination is rather unknown, since a 

sustainable innovation has to be adaptive and open-ended in order to take into account its 

consequences after implementation (Berker 2010). Sustainable innovation projects thus require a 

murmuration-like approach that allows for creativity and changeability, and where changing leaders 

take the project in different directions to explore new opportunities.  

                                                      
1 Photo credit: Gregory Hunt (https://www.flickr.com/photos/eosgreg/6965121429/) and Getty Images 

(https://www.gettyimages.co.uk/detail/photo/flock-of-white-faced-whistling-ducks-flying-high-res-stock-photography/200399911-
001) 

https://www.flickr.com/photos/eosgreg/6965121429/
https://www.gettyimages.co.uk/detail/photo/flock-of-white-faced-whistling-ducks-flying-high-res-stock-photography/200399911-001
https://www.gettyimages.co.uk/detail/photo/flock-of-white-faced-whistling-ducks-flying-high-res-stock-photography/200399911-001
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At two workshops with practitioners from the Danish construction industry, the potential of the 

murmuration metaphor was explored in order to validate its applicability and relevance in practice. The 

practitioners intuitively grasped the metaphor and used linguistic references to murmuration such as 

‘leader instincts’ or ‘knowing the flock’ when elaborating on the challenges and possibilities within 

innovation and sustainable construction. This indicates that the murmuration metaphor can offer an 

image or a language for discussing and sharing knowledge on innovation processes within sustainable 

construction. Furthermore, the practitioners argued that by seeing innovation processes as 

murmuration, it became clear why sustainable innovation is so difficult to perform in practice, since the 

murmuration process – with its iterations, change of actors, and changing leadership – clashes 

significantly with the traditional linear thinking that many practitioners perform. Finally, the practitioners 

discussed the contradiction and connection between the murmuration process and the migration 

process, which resemble two different approaches to innovation projects. They suggested that 

murmuration could be the approach for ‘finding the destination’ (i.e. developing the innovation) and 

migration could be for ‘reaching the destination’ (i.e. implementing the innovation).  

The findings show that the murmuration metaphor generates insights and discussions of 

sustainable innovation processes in construction that are useful in practice. Furthermore, connecting 

to the MLP literature, the murmuration metaphor proposes an illustrative description of the collective 

movement of innovation niches that can potentially influence and change the existing regime, and thus 

contributes to a more profound understanding of the innovation processes within sustainable 

construction.  
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The overall aim of this thesis is to investigate how innovation processes within sustainable 

construction are taking place. As summarized in Table 7, the five papers have addressed this issue 

from different angles and with a number of perspectives and findings as results. First, Paper A’s study 

of the state-of-the-art of sustainable construction in Scandinavia pointed to a need for an increased 

focus on innovation processes. Paper B, studying innovation processes in literature and practice, 

revealed that a number of interconnected, contextual factors influence an innovation’s escape from the 

niche to the regime, indicating that the dynamics of the factors are relevant to study. Looking more into 

a sustainable innovation’s journey in Paper C, it became clear that some influencing factors can be 

planned and managed whereas others are coincidental and happen by chance. These coincidental 

mechanisms are further studied in Paper D through the lens of exploration as an approach to manage 

bottleneck challenges caused by an innovation’s ecosystem. The findings showed that exploring and 

exploiting different solutions through a lineage of projects provide a key to unlocking these challenges. 

Finally, as a framework for understanding this complex system of influencing, coincidental 

mechanisms, and exploratory ad-hoc approach to securing progress of the innovation, the 

murmuration metaphor was introduced.  

Table 7. Summary of research questions and findings from the five papers 

So far, the papers have provided pieces of the puzzle in order to understand the mechanisms and 

management procedures that characterize innovation processes in sustainable construction. However, 
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the holistic understanding of how these processes are actually taking place is only briefly presented 

through the proposed murmuration metaphor. Still, the murmuration metaphor, if further unfolded, 

holds a potential of generating a novel and more profound perspective on innovation processes within 

sustainable construction. Based on the findings of the five papers, the murmuration metaphor will now 

be further elaborated on and nuanced as a novel perspective on sustainable innovation processes.  

 

Returning to Paper E, biological research reveals three particular characteristics of a murmuration. 

First, the individual bird benefits from joining the flock in order to live, since the larger the group you 

are in, the better the chance someone else will get eaten if a predator attacks – a behaviour also 

known as the selfish herd (King and Sumpter 2012). Second, in the flock, the individual bird interacts 

with its six to seven neighbours, thus optimizing the balance between group cohesiveness and 

individual effort (Ballerini, Cabibbo, Candelier, Cavagna, Cisbani, Giardina, Lecomte, et al. 2008, 

Ballerini, Cabibbo, Candelier, Cavagna, Cisbani, Giardina, Orlandi, et al. 2008, Young et al. 2013). 

Third, the leadership of the flock can change position as new birds become better informed about the 

location of food or predators (Couzin et al. 2005).  

These three characteristics (bird vs. flock, relations, and leadership) form an analytical 

framework (see Figure 8) for the further investigation of how the murmuration metaphor can be 

developed into a novel perspective on innovation processes in sustainable construction. Below, a 

sustainable innovation is introduced as an individual bird, and the ‘flock’ is identified as the ecosystem 

of the innovation. Then, how the ecosystem/flock influences the innovation/bird is outlined as the 

mechanisms that influence the innovation journey. Finally, how the innovation/bird influences or leads 

the ecosystem/flock is presented as the management approach identified in the papers.  

 

Figure 8. Analytical framework for developing the murmuration perspective 
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The term innovation in the murmuration perspective is defined as a socio-technical entity of both the 

physical innovation (i.e. the technology or product) and the innovating unit (i.e. the firm that generates 

and implements a novel idea (Gambatese and Hallowell 2011b)). In the construction industry, the 

innovating units often encompass the entire company (Barrett and Sexton 2006), and in the cases 

studied in the papers, the innovation and the companies have been quite inseparable. In the reused 

bricks case, for example, the name of the company, ‘Gamle Mursten’, translates as ‘old bricks’, which 

literally illustrates that the innovation is part of the company, and that the innovation journey is also the 

company’s journey. Therefore, in the following, innovation includes both the innovation itself and the 

innovating unit.  

Considering an innovation as a single bird in a murmuration, the flock resembles the 

innovation ecosystem; that is, the selection of actors who need to act and interact in a certain way for 

the innovation to become successful. In the murmuration, the single bird needs to be part of the flock 

to find food, evade predators, and reach a desired destination. The ecosystem holds a similar 

capability in relation to an innovation. Since innovations are created, adopted, and implemented 

among multiple actors (Van de Ven 1986), the success of an innovation is highly dependent on 

whether external actors allow and support the implementation of the innovation (Adner 2012, Von 

Pechmann et al. 2015).  

The Gamle Mursten (GM) case, presented in Paper B, C, and E, illustrates how an innovation 

and its ecosystem can be seen as a bird in a flock. Like the bird needs the flock to find food, an 

innovation needs its ecosystem to grow. In the GM case, funding schemes were important supporters 

of the innovation, and so were architects and building owners who saw the potential in the old bricks 

and invested in the product. For the innovation to evade predators, like the bird does in the 

murmuration, the ecosystem also plays an essential role. GM was challenged by, for example, the 

existing brickworks and their industry associations, who were rather sceptical about having a new 

contender in the market and thus requested extensive documentation of the old bricks, which GM 

eventually gained with the CE mark. The predators are thus also a part of an innovations’ ecosystem 

together with the actors or activities necessary to solve the challenges caused by the predators. 

Finally, like the bird joins the murmuration to reach a particular destination, so does an innovation 

when the ecosystem is aligned to reach a certain position in a market. In this thesis, the phenomenon 

of interest is sustainable innovations, which furthermore hold the aim of achieving a certain impact on 

society. The destination is thus not only the market but also about supporting society’s ability to 

sustain itself.  

For the innovation to become successful, the ecosystem’s elements (activities, partners, 

positions, and links) must be identified, and the partners must be aligned so that they are satisfied with 

their positions in the system and their relationships or interactions with other partners (Adner 2017). 

The GM case showed that identifying and aligning the ecosystem is very complicated, particularly for a 

small, entrepreneurial company with a radical, sustainable innovation that is a frontrunner in a mature 

industry with a latent ecosystem. The following sections will discuss how an entrepreneurial bird can 

identify and manage its position in the flock. 
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Two mechanisms characterize a biological murmuration. First, each bird in the murmuration interacts 

with a fixed number of neighbours (six to seven), rather than with all neighbours within a fixed metric 

distance (Ballerini, Cabibbo, Candelier, Cavagna, Cisbani, Giardina, Lecomte, et al. 2008). Second, 

the bird’s interaction with its neighbours optimizes the balance between group cohesiveness and 

individual effort (Young et al. 2013). These mechanisms can be applied metaphorically to innovation 

processes within sustainable construction.  

Considering the proposal above – that the flock can be interpreted as the innovation’s 

ecosystem – the neighbours of the innovation can be understood as selected members of the 

ecosystem. The need for interaction with neighbouring actors close to an innovation is found in several 

of the cases studied. In the cases studied in Paper C, for example, fortuitous meetings played 

essential roles in some of the cases, resulting in business partnerships and development or 

refinement of innovations. These empirical findings, combined with Dubois and Gadde’s (2002a) 

argument that the construction industry holds the features of a loosely coupled system, indicate that 

interaction with neighbours, whether well-known or recent acquaintances, is important for the 

discovery and development of a sustainable innovation. In addition, the implementation or escape 

process of the innovation is also found to depend on the interaction with neighbours. In Paper B, the 

case studies showed that it is essential for an innovative entrepreneur to partner with existing 

companies established in the construction industry, for example an established manufacturer or a 

well-known architect, to gain recognition and credibility so that the customers will trust and invest in 

the innovation: “If you are not part of the existing value chain, you will be squashed and not get 

through to the customers” (Paper B). 

In the murmuration, the bird interacts with a fixed number of neighbours. The same ‘rule’ – 

that an innovator can only interact with six to seven actors – cannot be applied literally to the studies 

of sustainable innovation in construction. However, the cases show that being selective in who to 

interact with is highly important, both in order to ensure not to partner with the wrong actor with an 

opposing personality (as described in Paper C) or to activate the right kind of competences in the 

development phase: “Forward thinking and taking new partners in; and suddenly the pen is drawing 

differently” (Paper B).  

The second murmuration mechanism concerns the bird’s interaction with its neighbours as an 

optimization of the balance between group cohesiveness and individual effort. Connecting this to 

innovation processes, a similar focus on creating balance between the innovation and its ecosystem is 

found. For a radical, sustainable innovation to be implemented, the ecosystem needs to change (some 

of) its procedures, norms, standards, regulations, etc. However, for a mature industry such as 

construction, where conservatism, institutionalization, and standardized roles are particularly strong 

features, such transformation is very difficult to foster, as GM’s CEO described: “We are up against a 

very well-defined market and a well-defined system” (Paper D). Often, the innovation must be 

moderated to comply with the procedures, regulations, and norms of the ecosystem, for example by 

designing the shape of the innovation to fit with the existing standard measurements.  
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Considering the leadership aspect of a murmuration, it is found that the leadership position of the flock 

is not stable, since the leader is the bird with the newest information on the location of food or 

predators (Couzin et al. 2005). Applying this to the innovation processes in sustainable construction 

illustrates the potential of a radical innovation to change the industry. Within the ecosystem, 

regardless of how conservative and reluctant to change the actors might be, there is an option for an 

innovation to take a leadership position and thus guide the ecosystem in a new and more sustainable 

direction. However, as the GM case in Paper D illustrated, it can be very difficult for a small, innovative 

company to gain that leadership position, as the ecosystem is locked into established procedures 

supported by the existing institutions, norms, and standards.  

A possibility for the innovation to change the ecosystem from within is to be implemented in 

significant building projects. Being present in a physical building improves the industry’s confidence in 

the innovation, lowers the perception of the related risk, and offers a 1:1 mock-up of the capabilities of 

the innovation. As a respondent explained: “Getting into this project… that was important. It changed 

the industry’s perception of what we can do” (Paper B). The access into a significant building project 

often goes through specific partnerships with actors already established in the industry who can vouch 

for the innovation’s capability.  

Another option for the innovation to lead the flock in a new direction is to do as GM did in 

Paper D, where they applied a lineage of projects to explore and identify who in the ecosystem was 

challenging their progress and why, and to develop solutions that would solve these challenges. This 

approach illustrates that, like a murmuration, the innovation’s ecosystem is too extensive, diverse, and 

uncertain to manage and align through a strategic and structured approach. Understanding the 

mechanisms of the flock; that is, how the neighbours will interact with the innovation and how the 

innovation can interact with the neighbours, and who the neighbours actually are, is not 

straightforward. Instead, an exploratory approach that allows experimentation, trial-and-error, and 

ongoing learning is useful in a murmuration-like context.  

 

In Table 8, the characteristics of the biological murmuration are summarized and connected with the 

findings from the five papers regarding innovation processes within sustainable construction.  
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Table 8. Characteristics of a biological murmuration and the murmuration perspective 

Sustainable innovations are particularly complex and uncertain, have to be open-ended, are perceived 

costly, and require a high degree of collaboration (Hall and Vredenburg 2003, Sartorius 2006, Berker 

2010). A comprehensible, yet comprehensive, framework that captures the mechanisms at play during 

a sustainable innovation’s journey towards implementation is needed in order to support innovative 

practitioners as well as researchers within sustainability and innovation. In this thesis, the focus has 

been on sustainable innovations within the construction industry, which constitutes a very stable 

context characterized by a strong institutionalization, standardized roles, and a high degree of 

conservatism, including path dependencies to established procedures and lock-ins into specific 

trajectories for innovations (Kadefors 1995, Rohracher 2001, Gambatese and Hallowell 2011a, 

Toppinen et al. 2018). The construction industry thus represents a context significantly reluctant to 

innovations, and thus the findings of the studies of sustainable innovations within construction are 

relevant in other, similar contexts as well.  

The findings are summarized in the murmuration perspective, which offers an empirically 

based understanding of how innovation processes in sustainable construction are taking place. The 
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murmuration perspective comprises the complexity of sustainable innovation journeys, captures the 

influencing mechanisms of the construction industry caused by its established procedures, norms, and 

conditions, and proposes an approach for managing the process of transforming and aligning the 

ecosystem from within and through a lineage of explorative activities.  

 

The murmuration perspective is relevant for innovative companies (both start-ups and established, 

small and large) and organizations that are supporting sustainable innovation in construction, such as 

philanthropic foundations, public subsidy schemes, and policymakers. Applying the murmuration 

perspective, an innovating unit of a company, which for a start-up or SME in the construction industry 

often is the company (Barrett and Sexton 2006), will benefit from understanding that its innovation is 

positioned within an ecosystem, like a bird in a flock, and that the members of the ecosystem play 

different influencing roles in the innovation journey. The ecosystem as a whole will be latent for the 

innovating unit in most cases, and hence the critical members, their positions, and interacting links will 

be hard to clarify. However, it is essential for the success of the innovation that the innovating unit 

eventually identifies and aligns the ecosystem – just like the survival of the bird depends on the 

protective and supportive effect of the murmuration. A determined effort is therefore necessary to 

overcome the challenge of identifying and furthermore transforming the ecosystem in order to gain 

support and implementation of the innovation. This effort is based on two comforting conditions valid 

for an innovation. First, the ecosystem can be transformed. Any bird in a murmuration has the ability to 

become the leader of the flock, and likewise an innovation does have the potential to become 

successful. Second, like a bird can gain individual advantage such as food by following the flock for a 

while, an innovation can be refined to fit the conditions of the ecosystem, thus following existing 

standards and procedures in order to advance the acceptance of the innovation but still offering an 

innovative, sustainable value. 

By seeing the innovation as a bird in a murmuration, the innovating unit realizes that the 

ecosystem is essential though difficult to identify and transform, that this transformation is possible, 

and that following the ‘rules of the game’ can lead to acceptance of the innovation. The next step is 

thus to plan how the bird can become the leader of the murmuration; that is, how the innovation’s 

journey towards implementation in the ecosystem can be managed. Lineage ecosystem management, 

as proposed in Paper D and illustrated in Figure 9, offers an approach to identifying and transforming 

the ecosystem while maintaining the sustainable value (i.e. the purpose) of the innovation. Based on 

the innovation’s purpose as the ‘concept’ (Maniak and Midler 2014), lineage ecosystem management 

proposes to initiate a lineage of projects to exploit the ecosystem and explore the bottleneck 

challenges that are caused by the ecosystem and critically hinder the progress of the innovation. 

Through cross-project learning, the innovation is refined and modified to fit into the established 

procedures and match the requirements of the ecosystem, and thus the bottleneck challenges are 

unlocked.  
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Figure 9. Lineage ecosystem management (inspired by Le Masson et al. (2010)) 

During this process of identifying who the critical partners and activities in the ecosystem are, 

understanding how and why they are causing bottleneck challenges, and refining the innovation to 

overcome the challenges, the purpose in terms of sustainable value of the innovation remains stable. 

The more radical this sustainable purpose is, the more reluctant the ecosystem will be towards it – a 

strange bird will most likely be driven out of the flock. However, it is the ‘strangeness’ that also gives 

the bird the ability to become the leader of the flock, as it can contribute with new, though strange, 

information. The sustainable purpose is what will eventually make the innovation differ from the 

existing solutions.  

Besides offering an innovating unit an overview of the mechanisms and dynamics of a 

sustainable innovation process and an approach to managing this journey, the murmuration 

perspective contributes to companies, organizations, and politicians who wish to support sustainable 

innovations in construction. The executive levels of construction companies that hold innovating units 

such as R&D departments need to be aware of the processes and mechanisms that are actually 

taking place during the development, refinement, and implementation of sustainable innovations in 

order to provide the necessary shielding, nurturing, and empowering (Smith and Raven 2012) of the 

innovation. The murmuration perspective offers a comprehensive, holistic understanding of the 

premises for sustainable innovation processes. Likewise, the murmuration perspective is relevant for 

e.g. private or public foundations and policymakers who wish to accelerate the sustainable societal 

transition through subsidy schemes aimed at innovations in construction. These authorities must 

comprehend and acknowledge the complexity of the sustainable innovation processes, illustrated as a 

murmuration, and support the explorative movements necessary for the innovations to become 

successful. If they fail to do so, and instead require and support a classic, structured, straightforward 

innovation approach, there is a severe risk that the radical, sustainable innovations will become 

incremental and the sustainable transition process will miss the target. 
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Based on the unfolding of the murmuration perspective above, as well as the findings from the five 

papers, the research questions of the thesis can now be answered. 

 

The murmuration perspective is proposed as a novel understanding of innovation processes in 

sustainable construction. In this perspective, innovations are, like a bird in a murmuration, highly 

dependent on and influenced by the surrounding ecosystem. The ecosystem can provide support and 

protection, but it can also lead to critical challenges for the progress of the innovation. To align or 

transform the ecosystem and thus potentially gain a leading position, the innovations must collaborate 

or partner with selected neighbours who are often well established in the industry, find a balance 

between offering a radical, sustainable innovation and complying with existing procedures, rules, and 

standards, and change the ecosystem from within through implementation in significant building 

projects. Furthermore, an innovation can transform the ecosystem by initiating a lineage of projects 

with both exploratory and exploitative dimensions in which the ecosystem is identified and solutions to 

overcome bottleneck challenges are developed.  

Thus, the short answer to the research question is: An innovation process in sustainable 

construction is like a bird in a murmuration: a flowing, ever-changing movement with the aim of 

optimizing its ability to survive.  

 

Focusing on the critical escape process (i.e. the part of the innovation’s journey where the niche level 

is exited in order to enter the regime), the literature on the MLP and innovation in construction, 

supplemented by a number of case studies, reveals that the innovation processes in sustainable 

construction are influenced by the following factors: (1) the degree of protection of the innovation at 

the niche level; (2) the innovation’s compatibility with the existing regime; (3) how the innovation is 

linked up with ongoing processes at regime and landscape levels; (4) that innovation takes place in 

projects as a consequence of the loosely coupled companies; (5) the organization of actors (internal 

and external) who often hold standardized roles; (6) a strong institutionalization with strict regulations 

and lock-ins into specific trajectories for innovations; and (7) conservatism, including aversions to 

change and path dependencies to established procedures.  

This list of characteristics provides an overview of the contextual factors that influence an 

innovation process in sustainable construction and thus outlines the setting in which these innovations 

take place. Below, the focus turns towards how these factors influence the innovation journey; that is, 

the mechanisms that are at play in sustainable innovation processes.  

 

As outlined above, innovation processes within sustainable construction are influenced by a number of 

contextual factors stemming from how the construction industry is organized and governed, as well as 
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how innovation processes in general are taking place. Studying the dynamics of the factors that 

influence a sustainable innovation through three cases, Paper C reveals that two mechanisms (i.e. 

how the factors influence the innovation’s journey and how the influencing factors can be managed) 

are taking place. On the one hand, there are the manageable mechanisms; that is, the influences from 

and towards factors that can be planned and managed. These include (a) seeing the potential in 

existing technology and how it can be developed and refined into an innovation, (b) gaining funding by 

complying with the rules that apply, (c) joining the existing regime instead of opposing it, and (d) 

securing implementation by getting in on significant projects. On the other hand, the coincidental 

mechanisms relate to the factors that just happen by chance. These include (e) fortuitous meetings 

between potential partners, (f) the personalities of the actors involved in the innovation process, (g) 

the personal connections of the actors within the innovating unit, and (h) the landscape factors that 

cannot be influenced by the innovation but are highly influential themselves. 

Besides listing the factors (a) to (h) that influence a sustainable innovation’s journey, thus 

offering a useful overview for innovation practitioners, the findings also show that the management 

approach for sustainable innovations must be of a particularly flexible and explorative kind in order to 

cope with and benefit from the coincidental mechanisms.  

 

The study of the case of reused bricks in Paper D showed that the ecosystem is essential for a 

sustainable innovation’s breakthrough process, as the ecosystem can present critical bottleneck 

challenges, thus severely hindering the implementation of the innovation. Therefore, identification and 

transformation of the ecosystem are essential management tasks in a sustainable innovation journey.  

Lineage ecosystem management is proposed as an approach to managing a latent, yet crucial 

ecosystem. Based on a concept of the sustainable value of the innovation, an initial understanding of 

the ecosystem and the bottleneck challenges it causes is explored through a series of projects. These 

projects are both exploitative, in terms of refining the innovation’s ability to overcome the bottleneck 

challenges, and explorative, in terms of understanding the ecosystem and how and why it is causing 

the bottleneck challenges. In terms of knowledge and specific deliverables, the cross-project learning 

contributes to unlocking the bottleneck challenges and transforming the ecosystem, thus enabling the 

innovation to break through.  

 

The thesis bases its investigation of innovation processes in sustainable construction on two streams 

of literature: the literature on the multi-level perspective (MLP) as a framework for understanding 

sustainable transition processes at a societal level and the literature on innovation in construction to 

understand the contextual premises for sustainable innovation processes specifically in the 

construction industry. Contributions to these two streams of literature are presented below.  
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Considering the MLP literature (Schot and Geels 2008, Geels and Schot 2010, Geels 2011, 2014), the 

thesis aims at (1) contributing to a more profound understanding of how sustainable innovations travel 

from the niche level and into the regime, and (2) contributing to the strategic niche management 

(SNM) framework with a new perspective on how niche innovations can be managed and supported. 

The proposed murmuration perspective contributes to the MLP by offering an empirically 

based interpretation of the mechanisms and dynamics that are taking place in the transition process, 

with a particular focus on the innovations at the niche level. Referring to the basic illustration of the 

MLP, which is displayed in Figure 3 and presented in a modified version in Figure 10, the murmuration 

perspective elaborates on niche innovations’ journeys towards the regime. 

 

Figure 10. The murmuration perspective on niche innovation journeys (adapted from Schot and Geels 
(2008)) 

The murmuration perspective describes sustainable innovations as highly dependent on and 

influenced by their surrounding ecosystem, like a bird that relies on its position in the murmuration to 

optimize its ability to survive. The ecosystem comprises the actors, activities, positions, and links 

necessary for an innovation’s value proposition to materialize (Adner 2017). Applying the terms of the 

MLP, the ecosystem thus spans the niche, regime, and landscape levels. The central element of the 

ecosystem is the innovation as the unit of analysis, which is positioned at the niche level and aims at 

entering the regime level. The landscape factors influence the innovation’s journey but cannot in return 

be influenced by the innovation. However, the regime can be influenced and transformed by the 
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innovation, though it can be a highly challenging process, particularly in mature industries such as the 

construction industry, where the regime is often stable and therefore appears latent to the innovating 

unit (Adner 2017). This transformation of the regime is essential for the innovation to exit the protected 

spaces (Smith and Raven 2012) at the niche level and become implemented at the regime level. 

However, in the same way that the bird is able to lead the flock in a new direction, the innovation 

project has the potential to transform the regime if the right support and management are applied. 

Figure 11 illustrates how the murmuration perspective is applied to the MLP framework.  

 

Figure 11. The murmuration perspective and the MLP 

This thesis thus addresses the criticism of the MLP – that it lacks nuances of the processes by which 

niches and regimes interact and are interdependent (Smith 2007) – by offering specifications of the 

processes that characterize sustainable innovations’ journeys towards implementation in the regime, 

the mechanisms and dynamics between the innovation and the regime, and the approach to 

managing the escape process. The murmuration perspective is presented in Table 9. 
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Table 9. The murmuration perspective 

The management element of the murmuration perspective – the proposed approach of lineage 

ecosystem management – contributes to the SNM framework (Schot et al. 1994, Kemp et al. 1998) 

with a specific focus on the dynamics and mechanisms that are taking place in innovation projects. 

Thus, the lineage ecosystem management approach addresses the criticism of SNM: that the 

dynamics of innovations are complex and cannot be embraced by traditional management tasks and 

that more focus should be on the messiness of socio-technical system change (Lovell 2008, Smith 

and Raven 2012, Raven et al. 2016). A key element of the lineage ecosystem management is the 

exploratory dimension of both identifying the ecosystem and the bottleneck challenges it causes, as 

well as finding solutions to solve these challenges. The lineage of projects encompasses the 

complexity and messiness of innovation dynamics and utilizes the coincidental mechanisms in refining 

the innovation and transforming the ecosystem. Furthermore, by focusing on innovations on a project 

level, the lineage ecosystem management approach challenges the premises of SNM; that is, that 

strategic niche management should focus on the policy level and consider program and portfolios. The 

argument here is that since the project is usually the means by which innovation takes place (Brady 

and Hobday 2012), a strategy for niche management that is based on the actual activities taking place 

in innovation projects could be a significant contribution in order to support and accelerate innovations’ 

journeys towards the regime.  

The specific focus in the murmuration perspective on the innovation and the processes central 

to the progress of the innovation also nuances the MLP, which operates on a broader level, focusing 

on niches of innovations. Taking the perspective to the next level, the murmuration could also 

resemble the niche movements and thus illustrate how innovation niches evolve, dissolve, and merge 

with each other in order to survive. Figure 12 shows how multiple flocks of birds can spread out and 

unite again, and could thus be a metaphorical illustration of how niches are developed in order to have 

a collective impact on the transformation of the regime. However, niche processes have not been a 

specific focus in this thesis, and the proposal of murmuration as a perspective on niche movements 

thus needs much further research to establish its validity and specify the mechanisms and dynamics 

at play in niches.  
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Figure 12. Murmuration as niche movements2 

Rounding off this section, a specific criticism of the MLP should be mentioned. Lachman (2013, p. 

271) argues that “one of the major weaknesses of the MLP is that it uses metaphors and imprecise 

concepts, with the danger of creating ambiguity and being able to categorize phenomena too easily 

since the concepts have vague boundaries”. It is difficult to claim that the murmuration perspective 

dismantles this critique. On the contrary, it could be argued that the murmuration perspective only 

adds to the vagueness of the understanding of how sustainable transitions are taking place due to 

innovation developments. However, my argument is that sustainable transitions and innovations are 

ambiguous and imprecise to capture, and that the appliance of precise and structured models for 

understanding the complexity of the dynamics will fail significantly to encompass the processes taking 

place in practice. Though the murmuration perspective is a simplified resemblance of the actual 

innovation processes observed in the cases, it still generates an understanding of the dynamic and 

ever-changing aspects of such processes, emphasizing that even though the movements seem 

chaotic and time-consuming, there is an underlying logic in that myriad of activities that in the end, and 

with the right support, can potentially accelerate the breakthrough of innovations and with that the 

sustainable societal transition. 

 

The findings of the thesis address a gap in the literature regarding innovation processes within 

sustainable construction. In the literature review, research on innovation in construction was found 

along with research on sustainable innovations. However, studies of sustainable innovation processes 

within the specific context of the construction industry are rare. Thus, the combination of the literature 

                                                      
2 Photo credits: BBC (https://www.bbc.com/news/science-environment-29599792) 
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on innovation in construction and on sustainable innovations has provided a theoretical foundation for 

investigating innovation processes within sustainable construction.  

Based on the empirical findings from the case studies, the thesis provides context-dependent 

nuances of the interacting mechanisms between innovations and their ecosystem. The characteristics 

of the ecosystem that have an influence on the innovation process are found to include compatibility, 

protection, regime-landscape processes, innovation in projects, institutionalization, actors and roles, 

and conservatism. Some of these mechanisms are found to be plannable (those related to existing 

technology, funding, the existing regime, and implementation), whereas others are coincidental and 

happen by chance (such as fortuitous meetings, personalities, personal connections, and landscape 

factors). These findings map the challenges that sustainable innovations in construction face, caused 

by, for example, the established procedures of the industry and the resistance to innovations. 

Furthermore, the findings highlight the opportunities for innovations to overcome these challenges, for 

example by transforming the ecosystem from within by participating in significant building projects, 

partnering with established actors, or by refining the innovation to match the current standards and 

framework conditions (resembling the ‘fit and conform’ strategy (Smith and Raven 2012)). This 

overview of challenges and opportunities contributes to the literature on innovation in construction by 

applying a specific and novel focus on sustainable innovation processes.  

Previous studies, such as Thuesen and Koch (2011) and Nykamp (2017), have used the MLP 

framework to map niches within the construction industry. The findings of this thesis contribute to this 

research by focusing on the mechanisms within the niches; that is, the interactions that take place 

between the sustainable innovation and the regime and landscape factors. The murmuration 

perspective is thus a contribution to the literature on innovation in construction, as it offers a holistic 

understanding of how sustainable innovations take place and a language for discussing how these 

processes can be studied and supported.  

Finally, concerning research on current sustainability approaches in construction, such as 

environmental building assessment methods or circular construction, the thesis has illustrated the 

challenges of engaging in, for example, the circular economy agenda as studied in the case of the 

reused bricks. The contribution here is the finding that for radical innovations in emerging markets, 

such as the market for reused construction materials, the ecosystem plays a highly critical role, and 

exploratory activities are the key to progression. Thus, research on sustainability approaches in 

construction should pay attention to the ecosystem and exploration in order to understand the 

challenges and opportunities within these rising agendas.  

 

The scope of this thesis naturally limits the generalizability of the findings. The focus on the Danish 

construction industry constitutes a narrow context that is determined by the current institutions, 

regulations, procedures, traditions, etc. that are not necessarily found in parallel in other industries or 

in other countries. However, the murmuration perspective could be useful in other ‘close communities’ 

(Guy and Shove 2000); that is, relatively small countries, like the Nordic and some European 

countries, in which research, industry, and policy are closely linked and where the conditions for the 

construction industry are similar to those in Denmark. Furthermore, studies of innovation processes in 
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other industries that are usually comparable with construction, for example the car manufacturing 

industry, could contribute to developing the findings of the thesis further. 

The findings are mainly based on eight case studies, including one in-depth study (the case of 

the reused bricks). The case study data primarily stems from interviews supplemented with secondary 

data (secondary interviews as well as reports and documents related to the case innovations). The 

interviews have contributed significantly to the narrative of the case studies, exemplifying and 

explaining the challenges and opportunities of the different innovation journeys. The respondents have 

to some degree been one-sided in their narrating, representing only their side of the larger story of 

their innovation journey. This has affected the findings, for example the mapping of the characteristics 

of innovation processes, as they primarily point to external factors and not so much the critical 

influences stemming from the innovating unit (and thus the respondent) itself. However, in the in-depth 

case of the reused bricks, respondents also included the critical, external factors, such as the existing 

brickworks and the demolishers, which the GM respondents had identified as particularly obstructive 

to the progress of the innovation. Thus, the main contributions of the thesis (i.e. the murmuration 

perspective and the proposed model for lineage ecosystem management) are based on a diverse 

range of narratives, which strengthens the validity of the findings.  

Further studies to refine and nuance the findings of the thesis should, besides examining 

innovation processes taking place in other countries and/or other industries as suggested above, 

broaden the methodological approach. Quantitative data, such as surveys, could validate and further 

evolve the mapping of the characteristics or factors that influence innovation processes in sustainable 

construction. Furthermore, longitudinal case studies, for example based on ethnographical studies of 

an innovation project, could contribute with a perspective on the temporality of the journey, 

illuminating, for example, how exploratory activities are related to one another, how learning and 

knowledge are accumulated and transferred throughout the process, and how the explorations affect 

the innovation over time. 

Considering the murmuration perspective, I acknowledge that it is a novel and rather creative 

contribution to the fields of innovation and transition research, and that the murmuration perspective, 

including the proposed lineage ecosystem management approach, is still in its infancy. Much more 

unfolding, elaboration, and coupling to empirical cases is needed to create a solid contribution to 

current knowledge. The lineage ecosystem management approach also needs further testing and 

evolvement through additional case studies in order to establish how this approach can be performed 

deliberately in practice, whether it is already practiced and how, and under which circumstances or in 

which contexts this approach is useful.  

Furthermore, as discussed in section 5.3.1, introducing a metaphor in order to generate a 

holistic understanding of a very complex phenomenon is not without risks and critical pitfalls. First, the 

murmuration metaphor should not be taken literally, as it then will appear absurd (Brown 1976). Let 

me be very clear here: An innovation is not a bird! However, a bird’s movements and interactions with 

the surrounding flock resemble the innovation journeys observed in the cases. Second, in its current 

advancement, the metaphor is too simplified to capture all the critical elements, mechanisms, and 

dynamics that are taking place during an innovation journey. Third, the generative aspect of the 

metaphor can be questioned: Does the murmuration perspective generate a new understanding that 

can support further development or acceleration of the construction industry’s sustainable transition? I 
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see a significant potential for the murmuration perspective to open up discussions and to generate a 

holistic and fruitful language for both practitioners and researchers to support and accelerate a much-

needed transition of the construction industry. Furthermore, murmuration is not only an idealistic 

approach, it can be performed in practice, as the Norwegian architect who initially introduced me to 

the metaphor proves. She was part of a successful alliance3 that develops and builds innovative, 

sustainable building projects through a process that, in her own words, is best described as a 

murmuration. In my view, her experienced knowledge base strengthens the validity of the murmuration 

perspective. Still, further studies that expand and nuance the murmuration perspective are necessary 

to unfold its potential as a generative metaphor for sustainable innovation processes.  

This leads me to a final comment regarding the limitations of the thesis’ findings. I was 

introduced to the murmuration metaphor in the second month of my PhD project, which imposes on 

me a significant confirmation bias throughout the project. Thus, I cannot eliminate the possibility that I 

have unintentionally sought or noticed mechanisms that fit into the murmuration framework. However, 

I have throughout the project been aware of the risk related to this confirmation bias, and I have 

therefore made an effort to test and refine the rationale and validity of the murmuration perspective 

externally, both at workshops with construction practitioners and by presenting and discussing Paper 

E with the ARCOM (Association of Researchers in Construction Management) community at the 

conference in September 2018. Still, as a researcher, I am also part of the flock that surrounds the 

innovation. I can only navigate through and observe a limited number of neighbouring actors, and thus 

I cannot grasp the dynamics of the entire flock at once. But what I see from my position in the flock 

indicates a series of mechanisms that could be valid for the murmuration as a whole.  

  

                                                      
3 Read more about the Powerhouse collaboration at www.powerhouse.no 
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This thesis took as its starting point a picture of a flock of birds – a murmuration – presented by a 

Norwegian architect. This established a mystery that has been the common thread throughout my 

research: How can seeing innovation processes within sustainable construction as a murmuration 

generate novel insights? What potential contributions to existing theory can be generated by 

investigating this mystery by unfolding the murmuration metaphor? 

The multi-level perspective and the literature on innovation in construction have formed the 

theoretical foundation for the research. Based on this, a number of cases on sustainable innovations 

within construction have been studied, resulting in findings that clarify and nuance the part of the 

mystery that concerns innovation processes within sustainable construction. The cases showed that 

sustainable innovations in construction are characterized by several contextual factors, and that the 

mechanisms of these factors (i.e. how the factors influence and are influenced by the innovations) can 

be both plannable or happen by chance. Such coincidental mechanisms call for a management 

approach that supports exploration and experimentation in order to transform the existing ecosystem 

so that the innovations can be implemented.  

Considering the murmuration aspect of the mystery, three characteristics were found to 

resemble innovation processes in sustainable construction. A bird needs the flock to find food and 

avoid predators, and, similarly, the innovation needs its ecosystem to progress. The bird is found to 

interact with a specific number of neighbours, and the innovation is found to engage with selected 

members of the ecosystem, often actors well established in the industry, to ensure implementation. 

Any bird can become the leader of the murmuration, and any innovation can lead the ecosystem in a 

new and more sustainable direction, given that the innovation process is managed in a way that 

generates a transformation of the existing ecosystem.  

These findings thus solve the mystery by demonstrating that innovation processes in 

sustainable construction can indeed be seen as a murmuration. The proposed murmuration 

perspective offers an empirically based interpretation of the mechanisms and dynamics that are taking 

place in innovation processes in sustainable construction, which contributes to the MLP literature with 

a novel understanding of how innovations escape the niche level and enter the regime. Furthermore, 

the murmuration perspective contributes to the literature on innovation in construction by presenting a 

nuanced overview of challenges and opportunities of sustainable innovation processes, and offering a 

holistic understanding of how sustainable innovations take place and how these processes can be 

studied 

The proposed murmuration perspective comprises the complexity of sustainable innovation 

journeys, captures the influencing mechanisms of the construction industry caused by its established 

procedures, norms, and conditions, and proposes an approach for managing the process of 

transforming and aligning the ecosystem from within and through a lineage of exploratory activities. 

This, I trust, can generate novel insights for both practitioners and academia, as it establishes a new 

language for discussing how innovation processes in sustainable construction can be studied, 

understood, and supported, and hopefully – eventually – accelerate the much-needed sustainable 

transition of the construction industry. 
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Buildings are essential for securing a sustainable society, and the Scandinavian 

building sector is viewed upon globally as the one to lead the way. This paper 

investigates in which directions sustainable building in Scandinavia is likely to move 

and outlines a number of areas where sustainable innovations are necessary for 

supporting this movement. The focus on innovations as essential support for the 

sustainable transition of the building sector derives from the Multi-Level Perspective, 

which has been applied to this study as a framework for understanding sustainable 

transitions of socio-technical systems. The findings are based on twelve expert 

interviews with key persons from central companies, research institutions and 

associations in Denmark, Norway and Sweden. The experts identify five directions 

for sustainable building in Scandinavia and list a number of innovations that will 

support the movement of the sector in these directions. These paths to the future for 

sustainable building seem remarkable clear and manageable, and the paper discusses 

the risk of the experts being too optimistic in their assessment of the sustainable 

transition of the Scandinavian building sector.  

Keywords: Sustainability, Innovation, Transition Management, Scandinavia 

INTRODUCTION 

The building sector plays a central role in the global transition towards a more 

sustainable society (International Energy Agency 2013; Chalmers 2014). Around the 

world, governments, researchers and companies are looking at the Scandinavian2 

countries as frontrunners within the field of sustainable building (World Green 

Building Council 2013; Strand et al. 2014). Being the frontrunner, the Scandinavian 

building sector holds an interesting position, as development of the sector will mark 

the directions in which sustainable building in a global perspective is likely to move. 

Furthermore, innovations for supporting the movement of the Scandinavian building 

sector also hold the potential to cross borders and thus initiate an acceleration of the 

sustainable transition of building sectors globally. This paper aims to outline the areas 

in which practitioners and researchers should focus their innovation activities to 

support the sustainable transition of the Scandinavian building sector.  

The particular focus of this paper on innovations as essential for the sustainable 

transition derives from the Multi-Level Perspective (Geels 2004; Geels & Schot 2010; 

                                                 
1 ninko@dtu.dk 

2 In this paper, Scandinavia refers to Denmark, Norway and Sweden 
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Schot & Geels 2008). The Multi-Level Perspective (MLP) provides a framework for 

understanding sustainable transitions of socio-technical systems (e.g. the building 

sector). MLP argues that transitions come about through innovation processes at three 

levels: socio-technical regimes, innovation niches and the overarching landscape 

(Geels 2004). This perspective, that sustainable transitions occur due to innovation 

processes, has scoped the study of this paper to focus on the innovations necessary for 

supporting the development of sustainable building in Scandinavia.  

A considerable amount of literature has approached the topic of sustainable transition 

of the building sector (Rohracher 2001; O’Neill & Gibbs 2013; Zuo & Zhao 2014; 

Yong et al. 2011). A specific focus in the literature has been on drivers and barriers 

for sustainable building (Häkkinen & Belloni 2011; Bossink 2004) and innovation 

processes (Robinson et al. 2015; Berry et al. 2013; Shove 1998). However, current 

literature has only paid limited attention to the sustainable transition of the 

Scandinavian building sector. Specific aspects of sustainable building have been 

studied in the different countries, e.g. social sustainability in Sweden (Koch & Buser 

2015), the role of house owners in Norway (Risholt & Berker 2013) and strategic 

spatial planning in Denmark (Quitzau et al. 2012). Based on twelve expert interviews 

with key persons from Denmark, Norway and Sweden, this paper contributes to the 

literature with a unifying, overall perspective on the transition process of the 

sustainable building sector in Scandinavia.  

The structure of this paper is as follows: The first section unfolds the theoretical 

framework for understanding sustainable transitions, the Multi-Level Perspective. The 

second section describes the empirical methodology of the study, and the third section 

presents the findings from the expert interviews. The fourth and fifth sections discuss 

the findings and conclude the paper.   

THEORETICAL FRAMEWORK 

The Multi-Level Perspective (Geels 2004; Schot & Geels 2008; Geels & Schot 2010) 

offers a framework for understanding and investigating the sustainable transition of a 

socio-technical system. The Multi-Level Perspective (MLP) understands transitions as 

arising from the interaction between developments at three levels; the socio-technical 

regime, the innovation niches and the overarching landscape (Geels 2014).  

The socio-technical regime, e.g. the building sector (Gibbs & O’Neill 2015), is 

characterised by a number of established practices and associated rules that secure a 

dynamical stable condition of the regime. Hence, the innovations within the regime 

are incremental and occur along specific trajectories, e.g. technology, policy and user 

practices (Geels & Schot 2010). Radical innovations, on the contrary, typically occur 

outside or on the border of existing regimes in so called innovation niches (Geels 

2004). Niches are small-scale experimental spaces for new technologies (Kemp et al. 

1998) and act as incubation rooms that protect innovations against the regime's 

mainstream conditions and traditional practices (Geels 2004). Regimes and niches are 

set within the broader context of the socio-technical landscape that includes macro-

political developments, e.g. globalisation, urbanisation and environmental issues 

(Geels & Schot 2010).  

The Multi-Level Perspective argues that innovations play a particular large role in the 

transition of a socio-technical regime: “They are the seeds of transition” (Geels & 

Schot 2010, p.24). Some innovation activities at the niche level can over time become 

aligned and stable enough to challenge the dominant regime. However, innovations 
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will often remain in niches for a long time until changes at the landscape level (e.g. 

the climate change agenda) create pressure on the existing regime. This destabilisation 

can create windows of opportunity for niche innovations to be selected into the 

dominant regime (Geels 2004; Holm et al. 2015). 

Though conditions and activities at the regime and landscape levels are indeed 

influencing the transition process, this paper focuses only on the role of innovations.  

The paper investigates the innovations needed for supporting the sustainable transition 

of the building sector and outlines a number of areas in which practitioners and 

researcher  

METHODOLOGY 

Expert interviews is an efficient and concentrated method of gathering broad and 

widespread data, and is thus considered useful for exploring the sustainable building 

sector in Scandinavia. The notion of “expert” in research methodology refers to a 

person with a particular knowledge that the expert may not necessarily possess alone, 

but which is not accessible to anybody in the field of action under study. Experts 

usually have a privileged access to information about groups of persons or decision 

processes and have a high level of aggregated and specific knowledge that is 

otherwise difficult to access (Meuser & Nagel 2009).  

The empirical exploration of the sustainable building sector in Scandinavia is based on 

twelve expert interviews. The experts are key persons from universities, non-

governmental organisations, private companies, and governmental and administrative 

organisations in Denmark, Norway and Sweden. The criteria for selecting the experts 

are that they each hold relevant and supplemental knowledge of sustainable building, 

that they are positioned within areas of innovation and development, and that they in 

total are representative of the building sector in Scandinavia. The selected experts are 

presented in table 1.  

The interviews were semi-structured based on open questions and a topic guide, as 

recommended by Meuser & Nagel (2009). The interviews took place in January-

February 2016 and each interview lasted about one hour, and was recorded and 

transcribed. The extracts of the interview text were coded, thematised and further 

analysed. The majority of the interviews were conducted in the native language of the 

expert (i.e. Danish, Swedish or Norwegian) and a few in English. To include 

quotations in this paper, the author has translated parts of the transcribed interviews. 

FINDINGS 

According to the experts, sustainability is a substantial aspect of the Scandinavian 

building sector. However, the transition of the building sector is not complete; there is 

still a need for further development within a number of areas. This section outlines 

five directions, in which the Scandinavian building sector, according to the experts, is 

likely to move: 

 The focus will shift from energy to emissions 

 The concept of circular economy will be further introduced 

 The focus on the existing residential building stock will increase 

 The circumstances for collaboration will become more complex 

 The focus on social sustainability aspects will increase 
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Furthermore, the experts list a number of innovations needed for the building sector to 

move in the directions suggested. 

From energy to emissions 

The experts all emphasise that the environmental focus in the Scandinavian building 

sector is currently shifting from energy to emissions of greenhouse gasses: "We are 

approaching a break-even point where the regulations regarding energy use in 

buildings cannot become more demanding. The focus forward will be more on 

materials and CO2 emissions than on operation and consumption" (Norwegian 

architect). The experts predict that the forthcoming regulations will contain 

requirements for limited emissions related to building components and materials.  

Table 1: Overview of background and knowledge areas of the experts interviewed  

Type of company/organisation Position of expert Knowledge area 

Norway   

Technical University 
Dep. of Architectural Design, 

History and Technology 

Professor 

Architect 

Research within sustainable architectural design and 

technology 

Association for Clients, 
Contractors and Craftsmen 

Director 
Engineer 

Political agendas within the field of environment and 
energy in the Norwegian building sector 

Architectural firm 

(350 employees) 

Technology and  

Sustainability Manager 
Architect 

Sustainable design in practice across Scandinavia 

Consulting Engineering firm  

(850 employees) 

Senior consultant 

Engineer 

Sustainable building in practice, participation in 

several research projects 

Denmark   

Association for  

Contractors 

Director 

Architect, MPA 

Political agendas of the Danish building sector. 

Administration of several inter-organisational 
development projects 

Association for  

Construction Clients 

Head of Projects 

Architect 

Sustainability activities of Danish construction 

clients, author of several white papers on sustainable 
building 

University 

Dep. of Development  
and Planning 

Assistant Professor 

Engineer 

Research in sustainable transition of socio-technical 

systems including the building sector 

Architectural firm 
(75 employees) 

Senior partner and director 
Architect 

Innovation activities within sustainable design  

Region administration 

Dep. of Climate and Resources  

Chief consultant 

Facilities Management 
Sustainable operation of buildings 

R&D agency  
Special consultant 

Engineer 

R&D within ideation and launch of innovative 

sustainable building solutions 

Sweden   

Technical University 
Div. of Building Technology 

Professor 
Engineer 

Research within life cycle assessment of construction 

materials and sustainability assessment tools for 

buildings 

Technical University  

Centre for Management  

of the Built Environment 

CEO 
Research and industrial state-of-the-art within 
construction management  

To support the shift of focus from energy to emissions, new technologies for 

documenting the properties of the building materials and components are needed. The 

development of Environmental Product Declarations (EPDs) is already in progress in 

all three Scandinavian countries, but also new applications in Building Information 

Modelling (BIM) are necessary to secure sufficient knowledge of the buildings: “We 

need documentation of what is actually in the buildings when refurbishment is needed 

in 50-60 years” (Danish association representative). 
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The circular economy concept 

In the past 5 years, certification systems such as LEED, BREEAM and DGNB have 

been used as “a very good way of operationalising sustainability” (Norwegian 

architect). Certification systems offer the practitioners a simple solution to the very 

complex task of designing measurable sustainable buildings. As the focus of the 

building sector shifts from energy to emissions, the attention on optimised use of 

resources, including a significant focus on waste, recycling and upcycling, increases. 

The circular economy concept, where costs of the products, their energy and resource 

consumption and their greenhouse gas emissions are assessed in a cradle-to-cradle 

perspective, connects these new aspects of sustainable building. Circular economy is a 

much-discussed topic, and the experts expect the concept to develop substantially in 

the next few years to become a leading paradigm for managing sustainable building: 

“We have not completely understood the concept of circular economy yet, but there is 

a potential to develop a much needed holistic view on economy and sustainability” 

(Danish association representative).  

Documentation innovations are needed to support the movement towards a circular 

economy approach: “BIM can become the key to circular economy” (Danish 

architect). The movement requires not only new technologies for measuring, 

collecting and visualising information on embedded energy and emissions, but also 

new holistic models of calculation. These models should take into account the entire 

life cycle of a building and its components from raw material, through use to re- and 

upcycling. Furthermore, the circular economy approach requires new ways of 

designing, e.g. to secure the option of disassembling individual parts and components 

that need maintenance or replacements.  This concept of designing for disassembling 

opens up a large field of potential innovations within both technology and design 

processes. 

Existing residential building stock 

Despite the shift of focus from energy to emissions and resources, the amount of 

energy consumed in buildings still has to be substantially reduced. In Denmark, the 

ambition is to reduce the energy consumption of buildings with 75% from 2006 to 

2020 (Energistyrelsen 2014). Energy refurbishment of residential buildings is key in 

this process, as 51% of the energy consumption in buildings in Denmark originates 

from single-family houses (Wittche et al. 2014). The same circumstances are present 

in Sweden and Norway: “The existing residences are the greatest challenge” 

(Norwegian association representative).  

The main challenge for upgrading the existing residential building stock is related to 

economic incitements: “There is no political will to regulate on private property. We 

need a carrot, an economic incitement” (Norwegian association representative). This 

challenge gives rise to a need of both “innovations that can lower the prices of 

products” (Swedish researcher), but also business model innovations that provide 

“one-stop-shopping” (Norwegian engineer) for the house owners. System providers 

will have great business opportunities for offering innovative total solutions for 

refurbishment targeted towards house owners. Furthermore, suppliers and 

manufacturers also have potential business development opportunities, as the 

challenge of upgrading the existing houses calls for innovative low-priced, sustainable 

products. 
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Complex circumstances for collaboration 

The circumstances for collaboration and management of building projects will most 

likely change within few years, as more and more new actors enter the building sector: 

“The understanding of what the building sector comprises will change. Google might 

be part of the sector as data owner” (Swedish researcher). Furthermore, the increasing 

demand for a holistic view on economy and sustainability also requires new ways of 

collaborating to ensure that all sustainable components are interconnected and aligned.  

New ways of collaboration are essential for supporting the sustainable transition of the 

building sector: "I believe that the technological development is coming along, but the 

traditional ways for collaboration and construction management are unsuitable" 

(Swedish CEO). With the increasing political focus on developing renewable energy 

in Scandinavia, great opportunities for the building sector arise. Several innovations 

are needed in the overlap between the building and the energy sector, e.g. technology 

for storage of renewable energy in buildings. Furthermore, the challenge of 

refurbishing residential buildings calls for new organisational constellations, where 

energy-related companies merge with building companies to provide holistic energy 

solutions to building owners. "We need a dialogue between the sectors that produce 

and consume energy. In the future, the energy companies can rent areas from the 

owners of buildings that produce energy" (Norwegian engineer). 

Social sustainability aspects 

The fifth direction, in which the experts suggest the building sector to move, is 

towards a much larger focus on social sustainability than today: “We shouldn’t just 

focus on the technical solutions, but also on the use, the functionality, the operation” 

(Swedish researcher).  Aspects of social sustainability that relates to the use of the 

buildings, e.g. indoor climate, health and safety and the perceived functionality of the 

building, are very important for the sustainable transition of the building sector. Not 

only because the productivity of e.g. employees and students is significantly affected 

by the indoor climate of their office or school, but also because the actual energy and 

water consumption of a building often turns out to be considerable larger than what 

has been calculated by the designing consultants.  

The increasing focus on the functionality of buildings produces several needs for 

innovations. These include both new technological systems, e.g. within indoor 

climate, integrated PV or customised user tech, and “new ways of combining the 

different technical solutions” (Norwegian engineer). Considerable amounts of energy 

and emissions can be saved, if the different systems in a building are much more 

integrated and adjusted to the actual use of the building. “The technical systems must 

be able to be turned on and off quickly and easy when needed. It will almost be 

revolutionary! Think about how much energy that will be saved, and we already have 

the technology for it” (Norwegian architect). Furthermore, innovative user-adjusted 

systems are needed for securing a stable and healthy indoor climate; an increasing 

focus that also give rise to innovations within healthy materials, ventilation, daylight 

etc.  

DISCUSSION 

In summary, the twelve expert interviews outline five directions of sustainability in 

which the Scandinavian building sector is likely to move, and a list of innovations 

needed for this movement. Though the experts represent three different countries and 

have different positions as practitioners, researchers or association representatives, 
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their tale of the future in sustainable building is remarkable clear and uniform. During 

the interviews, all experts touched on the five directions, and several of the 

innovations mentioned in this paper were repeated by experts across disciplines and 

countries. That the experts agree so strongly on the paths to sustainable building 

indicates that the future for sustainable building is in fact very visible, perhaps even 

obvious. 

Furthermore, the experts state that in addition to being clear, the five directions are 

reachable. The innovations needed, whether related to product innovations (e.g. 

technologies for emission documentation or low-priced products for housing 

refurbishment) or process innovations (e.g. new models for collaboration or user-

behaviour oriented design), are not radical innovations. As the Norwegian architect 

stated in the last quote: “we already have the technology for it”. The innovations 

needed to support the sustainable transition are all described by the experts as 

incremental innovations that should be able to be developed and brought to the market 

within a few years. The experts acknowledge, though, that there are barriers for 

innovation, e.g. the project oriented organisation of the building sector that hinders 

long-sighted, strategic innovation activities: “We work very project oriented and base 

our work on what is relevant for the individual client… What interests me in terms of 

innovation lies within a time horizon of 1-3 years max” (Danish architect). 

Nevertheless, the experts assess the sustainable transition of the Scandinavian building 

sector as fairly within reach. 

This clear outline of the transition process brings hope to the communities working 

within sustainable building, be it researchers or practitioners. The assessment of the 

experts indicates that ‘yes, we can’ make the necessary movement towards sustainable 

building. We are not there yet, but the path is clear and the tools we need to get to the 

finish line seem manageable to develop. However, a contrasting thought cannot help 

to spring to my mind: Is the outline of the experts ambitious enough? Is there a risk 

for the building sector not to reach the national and global goals for sustainable 

transition? Are we unconsciously aiming too low, and thus missing the target? The 

consequences for this mismatch will be fatal, due to the significant role buildings play 

in the global transition towards sustainability, as stated in the introduction of this 

paper. Furthermore, as Scandinavia is viewed as frontrunners in the field of 

sustainable building, a deluded apprehension of the road ahead could end up with the 

blind leading the blind.  

This foreboding of the experts’ outline of the future for sustainable building being too 

unambitious to meet the actual global needs might turn out to be in vain; perhaps the 

directions are as clear as the experts state. However, the consequences of the low 

ambitions are too significant to ignore. I therefor request further research within the 

field of sustainable transition of the building sector in Scandinavia. I particularly 

propose a focus of studies on the potential mismatch between the global sustainability 

goals and the building sector’s own ambitions and plans for activities. On the one 

hand, if such studies reveal that the global goals can in fact be reached by focusing on 

the directions and innovations outlined in this paper, the next step would be for 

practitioners and researchers to concentrate their R&D activities on these specific 

areas, producing the needed innovations and thus accelerating the movement towards 

sustainable building. On the other hand, if the studies show that further action is 

needed to reach the global goals, a new R&D agenda for sustainable building must be 

investigated and developed to secure that the Scandinavian building sector will lead 

the way in the right direction.  
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CONCLUSIONS 

The aim of this paper is to investigate the sustainable transition process of the 

Scandinavian building sector with a particular focus on the directions the sustainable 

building sector in Scandinavia is moving, and the innovation processes needed to 

support this movement. Based on twelve expert interviews, five directions, in which 

the building sector is likely to move, are identified: (1) The focus will shift from 

energy to emissions; (2) the concept of circular economy will be further introduced; 

(3) the focus on the existing residential building stock will increase; (4) the 

circumstances for collaboration will become more complex; and (5) the focus on 

social sustainability aspects will increase. Furthermore, the experts list a number of 

innovations needed for the building sector to move in each of the five directions.  

The findings indicate a very clear and manageable path for the sustainable transition 

of the Scandinavian building sector. However, a potential risk arises; that the outline 

of the experts is not ambitious enough for the building sector to reach the global goals 

for sustainability. As frontrunners, the Scandinavian building sector is expected to 

lead the way, and the risk of going in the wrong direction has too large consequences 

to be ignored. This paper proposes further research within the field of sustainable 

innovation processes to assist future actions for both practitioners and researcher and 

thus secure and support the sustainable transitions of the Scandinavian building sector. 
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Innovation escapes – influencing factors on sustainable construction 

Innovations are critical for supporting the sustainable transition of the construc-

tion industry, but innovation journeys from idea to successful solution in the con-

struction industry are not straightforward. Based on the understanding of transi-

tion processes presented in the multi-level perspective (MLP), with its emphasis 

on the levels of niche, regime and landscape, this paper investigates the factors 

that characterize the escape process from niche to regime of sustainable innova-

tions within the construction industry. Through a multiple-case study and with an 

analytical framework based on the MLP literature and the literature on innovation 

in construction, a series of influencing factors on sustainable innovations are 

identified. The connections and overlaps between these factors indicate that criti-

cal influences derive from many different sources, and that studies of innovation 

processes in construction must take into consideration the broader context, in-

cluding the niche, regime and landscape levels. 

Keywords: innovation; sustainability; MLP; escape; niche 

Introduction 

The construction industry stands before a sustainable transition, and, to achieve that, 

radical, sustainable innovations are needed. However, remarkably few innovations are 

introduced to the construction market, and even fewer are implemented in construction 

projects (McKinsey Global Institute 2017). We wonder: What complicates innovations’ 

journey from idea to developed, implemented and successful solution in the construc-

tion industry? To investigate this, we apply the multi-level perspective (MLP) to a study 

of multiple cases of sustainable innovations within construction. The MLP (e.g. Geels 

2004) offers a holistic perspective for investigating the mechanisms and factors that in-

fluence and hinder an innovation journey, with a particular focus on the interacting ac-

tivities that take place at the niche, regime and landscape levels. In this paper, we are in-

terested in sustainable innovation journeys within the context of the construction indus-

try and study specifically these innovations’ escape (Smith and Raven 2012) from niche 



 

to regime. An innovation is “the actual use of a non-trivial change and improvement in 

a process, product, or system that is novel to the institution developing the change” 

(Slaughter 1998, p. 226), and the term innovation journey, following Geels et al. (2008), 

describes a transition process in which the final destination is not exactly known but is 

full of search and exploration processes, twists and turns and includes a radical techno-

logical change. With these definitions in mind, we formulate the research question: 

What factors characterize the escape process when sustainable innovations within the 

construction industry journey from niche to regime? 

Through a multiple-case study, a series of influencing factors or mechanisms are 

identified in categories based on the MLP literature, which provides a holistic, overall 

understanding of innovations’ escape process from the niche to the regime, and the liter-

ature on innovation in construction, which adds a context-specific focus on factors and 

mechanisms that are influencing innovation processes. On the one hand, we have a liter-

ature that focuses on the specific processes; that is, innovations’ escape from niche to 

regime, which this paper investigates, but within a generic context. On the other hand, 

we have a literature that focuses on generic innovation processes but within the specific 

context of interest. Our aim with this paper is thus to provide a holistic assessment of 

the influencing factors on innovations’ escape process within the construction industry, 

and with that contribute to both streams of literature with a context-specific focus on an 

essential element of the innovation process.  

Literature review 

Initially, we review the literature on the MLP to gain an overall, holistic understanding 

of the factors that influence innovations’ escape from the niche level to the regime. The 

MLP is relevant to consider with this study, as it provides a foundational premise be-

hind the emergence of socio-technical innovations in the construction sector (Toppinen 



 

et al. 2018). The MLP offers an institutional perspective to studying innovation pro-

cesses (Orstavik 2014), which is essential to include in this study, as institutions play a 

central role in supporting or hindering the potential of business renewal towards more 

sustainable construction (Kadefors 1995, Rohracher 2001). Furthermore, the MLP’s 

central aspects of innovations in the transition of a regime are likewise found in several 

studies of the transition towards a sustainable construction industry (e.g. Gibbs & 

O’Neill, 2014; Harty, 2008; Nykamp, 2016; Rohracher, 2001). 

In the following, we turn towards the literature on construction innovations in 

order to identify the context-specific factors and mechanisms that are influencing con-

struction innovations’ escape processes.  

Innovation-escapes in a Multi-Level Perspective 

The MLP views sustainable transitions of a socio-technical system as a series of non-

linear processes that result from the interplay of developments at three levels: the socio-

technical regime, innovation niches and the overarching landscape (Geels 2011, 2014). 

A regime, for example the construction industry (Gibbs and O’Neill 2015), is character-

ized by a number of established practices and associated rules that ensure a dynamically 

stable condition of the regime. Hence, innovations within the regime are incremental 

and occur along specific trajectories such as technology, policy and user practices 

(Geels and Schot 2010). Radical or path-breaking innovations, on the contrary, typically 

occur outside or on the border of the existing regime in so-called innovation niches 

(Geels 2004). Niches are small-scale experimental spaces for new technologies (Kemp 

et al. 1998) and act as incubation rooms that protect innovations against the mainstream 

conditions and traditional practices of the regime (Geels 2004). Regimes and niches are 

set within the broader context of the socio-technical landscape that includes macro-po-

litical developments, e.g. globalization, urbanization and environmental issues (Geels 



 

and Schot 2010).  

A regime’s shift towards a more sustainable position thus involves both the de-

velopment of strong alternative innovations in niches and favourable openings in the re-

gime (Smith et al. 2010). These regime openings occur due to changing circumstances 

in the regime caused by landscape-level changes that put pressure on the regime and po-

tentially destabilize the regime in a way that allows niche innovations to become main-

streamed (Schot and Geels 2008). In this transition process of interacting mechanisms 

between the landscape, regime and niche levels, innovations are seen as “the seeds of 

transition” (Geels and Schot 2010, p. 24). The innovations’ escapes from the protective 

spaces at the niche level and into the regime, which ignite a change, are of particular in-

terest but are at the same time rather understudied (Smith and Raven 2012).  

Considering the factors that influence innovation escapes from niche to regime, 

we first focus on the niche level; that is, the influencing factors that “push” the innova-

tions towards the regime. Niches act as temporary protective spaces (Smith and Raven 

2012) for innovations that (still) fail to successfully compete within the selection envi-

ronment of the existing regime. Niches thus offer shielding against the regime so that 

niche actors can nurture the innovation into becoming more robust and eventually em-

powered to be introduced to more conventional market niches. Shielding includes pro-

cesses that hold at bay certain selection pressures, e.g. organizational networks, market 

rules and institutions, regulations etc. Nurturing includes processes that support the de-

velopment of path-breaking innovations through assisting learning, attracting attention, 

and helping networking by facilitating stakeholder interactions and providing resources. 

And, finally, empowering includes processes that make niche innovations competitive 

within the existing regime either by acting within an unchanged regime (fit and con-

form) or by restructuring the regime (stretch and transform) (Smith and Raven 2012). 



 

As the innovation enters broader and more diverse markets, so the need for protection 

decreases and the innovation becomes competitive and influential in contributing to re-

gime shifts towards sustainability (Smith and Raven 2012).  

Second, the regime level considers the factors that “pull” the innovations from 

the niche. Actors in the existing regime tend to defend and extend the regime through 

incremental change and innovation (Scrase and Smith 2009). Those niche actors less 

compatible with the existing regime may find it more difficult to break through into the 

mainstream, whereas some niche activities may be better aligned and more easily incor-

porated (Smith 2003). Often, mildly reforming niche elements, such as products, are rel-

atively easily appropriated compared to more radical niche elements, such as cultural 

meanings or lifestyles (Smith 2003). However, most sustainable innovations, whether 

products or not, are deemed radical niche elements, as they do not offer obvious user 

benefits but rather are a collective good (Geels 2011). For such radical niche innova-

tions, linking up with ongoing processes at the regime and landscape levels can help the 

escape from the niche level (Schot and Geels 2008).  

Building on the MLP’s understanding of innovations as the seeds of transition, 

and with a particular focus on innovations’ journey from niche to regime, we find that 

the escape process is influenced by (1) the degree of protection (shielding, nurturing and 

empowerment) of the innovation at the niche level, (2) the innovation’s compatibility 

with the existing regime and (3) how the innovation is linked up with ongoing processes 

at regime and landscape levels.  

Innovation in the construction industry 

Turning towards the construction industry as a specific context for sustainable innova-

tions and their escape from niche to regime, we review the literature to understand the 

characteristics of the construction industry that can have an influence on an innovation’s 



 

escape. A first acknowledgement is that sustainable construction is not hindered by a 

lack of technologies but rather by organizational and procedural difficulties (Häkkinen 

and Belloni 2011). The focus here is thus on the literature on innovation processes ra-

ther than on innovation technologies.  

Construction is often considered one of the least innovative sectors of the econ-

omy (Pulkka and Junnila 2015). The reasons for this are found in the complex charac-

teristics of the industry (Slaughter 1998, Orstavik 2014). Constructed products are com-

plex product systems, and the construction industry is a complex systems industry 

(Winch 1998). The construction industry features a high degree of uncertainty due to 

unfamiliar management approaches, lack of uniformity, unpredictability of the environ-

ment, high dependency on a large number of technologies, a rigid sequence of opera-

tions, and overlapping stages (Gidado 1996, Dubois and Gadde 2002). As a means of 

coping with this prevailing complexity, the construction industry has the features of a 

loosely coupled system (Weick 1976, Dubois and Gadde 2002). This means that in indi-

vidual projects, the couplings between the companies involved are tight, but in the con-

struction industry in general the companies are loosely coupled, which makes it possible 

for them to cope with the high degree of uncertainty and interdependence. This particu-

lar pattern of couplings favours productivity in projects, while innovation suffers 

(Dubois and Gadde 2002). When innovation in construction does take place, it often 

happens in connection with building projects. This means that innovation in construc-

tion is a collaborative engagement of multiple actors with different economic logics 

(Winch 1998, Bygballe and Ingemansson 2014) and that changes, such as innovation, 

affect not only the individual company but also other actors, resources and activities. 

Additionally, extending an innovation on one project to another is rather difficult due to 



 

the customization of each project and the varying project owners or clients (Gambatese 

and Hallowell 2011).  

Since innovation often takes place in connection with building projects where 

multiple actors are involved over a long time, achieving innovation in construction is a 

matter of creating benefits for many different actors (Bygballe and Ingemansson 2014), 

particularly the clients and manufacturers (Blayse and Manley 2004). This dependency 

on numerous actors also means that the innovation process can be influenced by con-

flicting interests and the relationships between individuals and firms within the industry 

and between the industry and external parties (Blayse and Manley 2004). Especially for 

radical innovations, relevant collaborators might be found outside the innovating unit’s 

existing networks (Pulkka and Junnila 2015). Internally in the innovating unit, enablers 

of innovation are found to include support from upper management, good communica-

tion within the unit (Gambatese and Hallowell 2011), and the nature and quality of or-

ganizational resources (Blayse and Manley 2004). Furthermore, the roles and tasks of 

the various actors in the construction industry have become highly routinized and stand-

ardized to manage the complexity of construction processes (Kadefors 1995, Toppinen 

et al. 2018). Due to such established behavioural patterns, changing the dynamics of the 

construction sector is not straightforward (Rohracher 2001).  

A sustainable transition requires changes in the industrial structure and the social 

and institutional contexts, and particularly the strong institutionalization of the construc-

tion industry is a characteristic that highly affects the innovation process (Kadefors 

1995, Rohracher 2001). The institutions of the construction industry – the governmental 

regulations, the standardizations initiated by the industry, the tendering system, roles 

and interest organizations, standardization of skills and knowledge, and learning and 

routine (Kadefors 1995) – form a setting that locks in the existing regime, creating a 



 

barrier for systemic changes and thus hindering innovations’ escape (Orstavik 2014). As 

a consequence of the strong institutionalization of the construction industry, strict regu-

lations and codes play a prominent role in innovation processes within construction 

(Griffin et al. 2010, Gambatese and Hallowell 2011, Pulkka and Junnila 2015). Particu-

larly the structure of the standardization process causes high requirements regarding 

safety, durability and compatibility of, for example, materials (Dewald and 

Achternbosch 2016). Furthermore, environmentally oriented regulation is found to 

sometimes hamper sustainable innovations by encouraging a lock-in into a specific 

technological trajectory that limits opportunities for other kinds of radical innovations 

(Pulkka and Junnila 2015).  

Finally, much literature has identified the conservative nature of the construction 

industry as an essential barrier for innovation in construction. Often, perceived increase 

in cost (Griffin et al. 2010), aversions to risk and change (Gambatese and Hallowell 

2011), and strong path dependencies to established procedures, for example selection of 

materials and structural systems (Hemström et al. 2017), are hindering the implementa-

tion of innovations in construction projects. Conservatism is closely related to actors 

and roles, as the ones that manifest conservatism, and to the institutions that nurture and 

maintain the conservative nature.  

To sum up, the characteristics of the construction industry that affect innova-

tions’ journeys are found to be: (1) that innovation takes place in projects as a conse-

quence of the loosely coupled companies; (2) the organization of actors (internal and 

external) who often hold standardized roles; (3) a strong institutionalization with strict 

regulations and lock-ins into specific trajectories for innovations; and (4) conservatism, 

including aversions to change and path dependencies to established procedures.  



 

Analytical framework 

Based on the literature on sustainable transitions and innovation in construction, we 

generate an analytical framework for investigating sustainable innovations’ escapes 

from niche to regime within the construction industry. The influential factors on innova-

tion processes found in the literature review are listed in Table 1. 

Table 1. Factors influencing sustainable innovations’ journey. 

MLP literature Innovation in construction literature 

Protection (shielding, nurturing and em-

powerment) of the innovation at the niche 

level 

Compatibility with the existing regime 

Link with ongoing processes at regime 

and landscape levels 

Organization of actors and standardized 

roles 

Conservatism 

Innovation takes place in projects 

Institutionalization 

This analytical framework forms the foundation for the following study of sustainable 

innovations’ escape processes within the construction industry. The factors identified in 

the literature constitute a list of categories, whose relevance and tenor for sustainable in-

novation escape processes are investigated in the case studies.  

Research design 

The study of sustainable innovations’ escapes from the niche to the regime in the con-

struction industry, and which factors influence this process, employs a multiple-case de-

sign. A case study approach (Yin 2014) is relevant and appropriate when the study in-

vestigates a contemporary phenomenon, which such innovation processes are, and when 

the case is situated in a real-life context, which is also the case for the innovations. Fur-

thermore, a case study strategy is especially well-suited when the boundaries between 

the phenomenon and context are unclear (Yin 2014), which is relevant in the study of 

the innovation processes, as these are, according to the literature, highly influenced by 



 

contextual factors. A multiple-case strategy is applied here to increase the robustness of 

the study and the generalisability of the findings. The underlying intention for this 

choice of strategy has been that a study of several innovations will reveal a broader 

range of influencing factors, which will allow us to generate a more nuanced map of the 

influencing factors on sustainable innovations’ escape process.  

Table 2. List of cases. 

Case Innovation 

A Lightweight concrete slabs 

B Green roof systems  

C Paper wool joint filler  

D Air solar panel 

E Transparent solar panels 

F Reuse of old bricks 

G Large-scale cover of construction sites 

H Paving system for rainwater management 

The cases (see Table 2) are selected from a pool of innovations identified by scanning 

the portfolios of several Danish subsidy schemes for innovative solutions and entrepre-

neurs, combined with additional Internet searches. The selected innovating units are all 

Danish SMEs, and the innovations are classified as sustainable based on the subsidy 

schemes’ and websites’ assessments of the innovations’ environmental performance 

compared to alternative existing solutions. Furthermore, the selected innovations are 

deemed “mature”; that is, the innovation is fully developed and ready to escape the 

niche and enter the regime.  

These three criteria for the selection of innovation cases (Danish SME, environ-

mentally beneficial and commercially mature) were applied to ensure that the cases 

were comparable in terms of company size, value proposition and development situa-

tion. Furthermore, all eight cases were embedded in a similar regulatory, institutional 



 

and cultural context: the construction industry in Denmark, and more specifically, the 

sector for construction materials. Considering the content of the innovations, they vary 

quite significantly in terms of technology, size and complexity. The customers of the 

different innovations also vary, as some are aimed at clients while others are aimed at 

contractors or architects. This span was chosen to include innovations in different sub-

niches; that is, all cases are situated in an overall niche for sustainable construction ma-

terials, but, in this niche, different sub-niches exist, for example focusing on specific so-

lutions for cladding or infrastructure. However, seen as a whole, the cases are assessed 

to represent the innovation niche for sustainable construction materials.  

For collecting data on these cases, 11 interviews were conducted with key in-

formants from the innovating units. For some cases (A and F), two and three informants 

were interviewed, as these cases’ innovation journeys were particularly complicated to 

understand and map, and thus further narratives were included. For all cases except H, 

additional data from secondary interviews were available, and, for all cases, publicly 

available texts such as technical reports, product brochures, websites, newspaper articles 

and consultancy analyses were included as data. These different data collection methods 

were used to gain more evidence of the same facts rather than to examine different sides 

of the same data source. The primary interviews were all semi-structured (Kvale 2007) 

with the overall aim of encouraging the informants to elaborate on the innovation jour-

neys and which factors have been influential (i.e. both enabling and hindering), specifi-

cally in the part of the journey that relates to the escape from the niche level. Questions 

regarding this have been based on an understanding of the term innovation journey as 

an open and uncertain process, full of search and exploration, twists and turns, etc., 

where the final destination is not exactly known (Geels et al. 2008) and a definition of 



 

an “escape” as a subjective assessment of the successful establishment of the innovation 

in the market for construction materials.  

Analysing the data, we apply an innovation-centric approach rather than a com-

pany-centric approach to gain a holistic understanding of the innovation process that 

takes into account the impact of all institutional actors and not just those the innovators 

choose to collaborate with (Pulkka and Junnila 2015). Yin (2014) prescribes that a case 

study inquiry uses existing theoretical propositions to guide data collection and analysis. 

Thus, the factors identified from the literature and listed in Table 1 are used as catego-

ries for coding and analysing the interviews. The aim is to clarify these factors’ rele-

vance and sufficiency for describing the sustainable innovation escape processes inves-

tigated in the case studies. The interviews have been coded using qualitative data analy-

sis software with the factors presented in the analytical framework (protection, compati-

bility, regime/landscape processes, actors and roles, conservatism, innovation in pro-

jects, and institutionalization), and a quantitative assessment of the occurrences of these 

factors in the interviews has formed the basis of the analysis. To qualify how and why 

the different factors have influenced the innovation journeys, extracts of the interviews, 

combined with relevant documents and reports, have been analysed.  

Case study analysis 

All eight cases concern sustainable innovations aimed at the Danish construction indus-

try. The innovations are listed below:  

A. Lightweight concrete slabs that reduce CO2 emissions  

B. Green roof systems optimized for rainwater handling 

C. Paper wool joint filler with improved insulation properties 

D. Air solar panels for industrial buildings 



 

E. Transparent solar panels with higher energy gain and an attractive design 

F. Reuse of old bricks – sustainability through upcycling 

G. Large-scale cover of construction sites that support building in wood 

H. Paving system for rainwater management  

All innovations are on the verge of escaping the niche level and entering the regime. 

The aim of this case study and analysis is to investigate the factors that influence the es-

cape processes of these sustainable innovations. Following the analytical framework 

presented in Table 1, these factors are categorized as compatibility, protection, regime-

landscape processes, actors and roles, conservatism, innovation in projects or institu-

tionalization. A quantitative overview of the relevance of the different factors in each of 

the eight cases, based on the coding of the interviews with representatives of the inno-

vating units, is shown in Table 3. 

Table 3. Influencing factors on case innovations’ escapes. 

  Cases  

Influencing factors Sum A1 A2 B C D E F1 F2 F3 G H Legend* 

MLP                         
 

0-1  

Compatibility 20 2 2 2 1 0 2 1 2 5 3 0  2-3  

Protection 29 3 1 3 5 1 5 2 0 3 5 1  4-5  

Regime-landscape processes 15 2 0 2 1 2 3 2 0 1 1 1  6+  

Construction                 

Actors and roles 50 6 6 0 13 3 1 9 2 5 3 2    

Conservatism 20 4 2 1 0 0 2 4 3 3 0 1    

Innovation in projects  14 0 3 0 0 0 1 1 2 5 1 1    

Institutionalization 55 11 1 14 1 2 4 1 8 2 2 9    

*Legend: Number of references in interviews    

As shown, some factors seem to be more influential than others are, for example actors 



 

and roles, and institutionalization. In the following, we will further elaborate on the fac-

tors, how and why they have been influential on the innovations’ escape process, and 

how the different factors are connected.  

Compatibility 

The first three factors stem from the MLP literature, where compatibility with the exist-

ing regime by being aligned and easily incorporated in the ongoing procedures is 

deemed important in order to break through into the mainstream (Smith 2003). In sev-

eral cases, linking up with established companies in the construction industry (e.g. a 

manufacturer or a supplier) has been essential for their innovation to become accepted 

by the existing regime. Being an entrepreneur and an SME with a new solution targeted 

at a market that is still not established, “it can be very difficult to launch the market on 

your own, it is better to do it together with someone” (interview E). Being compatible is 

essentially a make-it or break-it factor: “If you are not part of the existing value chain, 

you will be squashed and not get through to the customers” (interview A2). Further-

more, shaping the innovation to be compatible with the existing infrastructure of the re-

gime favours the escape process. For example, the paving system for rainwater manage-

ment is based on the traditional formats of a pavement tile: “We can see it has been an 

advantage to work with a hybrid; something that is innovative in relation to urban space 

design, but at the same time is recognizable through its traditional format” (interview 

H).  

Protection 

Following the MLP, protected niche processes offer shielding from the existing regime 

(e.g. institutions or regulations), nurturing through for example attention attraction and 

network establishment, and empowering of the innovations to become competitive 



 

within the existing regime (Smith and Raven 2012). In the cases, we particularly see 

two aspects of protection that play essential roles for the innovations’ escape process. 

The first aspect is related to shielding and empowering, and concerns the issue of regu-

lations. When the innovation is still at the niche level and under development, the inno-

vation is shielded from standards and regulations in order to encourage innovative 

thinking. However, when escaping the niche level, the innovation is faced with the reg-

ulations of the regime that are not favouring new solutions. “It is clear that the big com-

panies are influencing the rules, standards and regulations. They can afford to have a 

seat at the table where all the big decisions are made” (interview E). The innovations 

thus need to be empowered to stretch and transform (Smith and Raven 2012) the regime 

in order to have regulations that allow them to enter the regime.  

The second relevant aspect of protection observed in the cases is related to nur-

turing; particularly the nurturing processes related to assisting networks by facilitating 

stakeholder interactions and providing resources. An essential element for nurturing the 

innovations in almost all of the cases has been funding. Both private and public funding 

have supported the innovations through the different development phases and thus have 

nurtured the innovation into becoming mature enough to escape the niche level. Some 

of the cases relied heavily on funding for the first few years: “We had expenses of 8-9m 

DKK a year. What drove us through those years was funding… For three years, we 

raised 8m DKK a year in funding” (interview A2). Besides providing capital, the fund-

ing schemes often set up network events for innovative companies: “They have been 

good at involving us and keeping us in mind. That has given us a kind of network” (in-

terview B). Furthermore, getting funding gave the innovations credibility and confi-

dence: “To be part of the program, you have to be at a certain innovation level. Getting 

through the eye of the needle made us believe more in the innovation” (interview C). 



 

However, for sustainable innovations that offer complex solutions with a range of value 

propositions, it can be very complicated to raise funding: “You cannot write just one ap-

plication and get funding for it all. You have to select and prioritize specific elements of 

the innovation” (interview H).  

Regime-landscape processes 

The last of the MLP-related factors concerns how the innovation is linked to ongoing 

processes at regime and landscape levels. A regime is, for example, the construction in-

dustry (Gibbs and O’Neill 2015), and the landscape constitutes the broader context of 

the regime and the niches, including macro-political developments such as globaliza-

tion, urbanization and environmental issues (Geels and Schot 2010). In the cases, the 

landscape processes in particular have played essential roles in the escape processes. 

The climate change agenda, for example, has given the EU a strong focus on the circu-

lar economy, which has had an essential influence on the case of the reused bricks: “We 

are favoured by fortune regarding the trends of the time” (interview F1). However, land-

scape processes can also hinder the progress of an innovation, for example in the case of 

air solar panels: “The change of government meant that they eliminated the subsidy for 

solar heating, and we lost basically all sales overnight. It was a disaster” (interview D). 

The financial crisis in the late 2000s also had a critical impact on one of the case’s inno-

vation journey: “In 2010, you could not get a loan in a bank for anything in the con-

struction industry. So we ran out of time and had to tell our customers that we could not 

have our innovation produced” (interview G). 

Innovation in projects due to loosely coupled companies 

The study now turns towards the factors that are linked to the construction industry. To 



 

cope with the high degree of uncertainty, complexity and interdependence in the con-

struction industry, companies are tightly coupled in individual projects, but loosely cou-

pled outsides projects (Dubois and Gadde 2002). Innovation therefore often takes place 

in connection with building projects (Bygballe and Ingemansson 2014); but extending 

an innovation from one project to another is rather difficult (Gambatese and Hallowell 

2011), and innovation processes are often complicated and suffer due to this particular 

pattern (Dubois and Gadde 2002). In the cases, we find that the innovations are all de-

veloped in external niches outside the building projects that are taking place inside the 

regime. However, the building projects in the regime play an essential role for the inno-

vations to escape the niche level, as the implementation of an innovation in an actual 

building is of the utmost importance for the regime’s acceptance of the innovation: “We 

have had many successes, but getting into this project in the middle of Copenhagen with 

an acknowledged contractor and architect, that was important. It changed the industry’s 

perception of what we can do” (interview F1). Implementation in building projects 

gives credibility to the innovation; however, it takes numerous projects to convince the 

conservative regime actors: “We are often faced with the hurdle of conservatism and 

risk management – what is the financial risk if something is not working? We have not 

had any failed projects, but people do not care. It takes 50–100 projects, and we are 

working on that” (interview A1). Regarding the loosely coupled companies, some cases 

actually show that strong couplings outside the projects also exist and set critical barri-

ers for the innovation to enter the regime, such as in the case of the reused bricks: “It is 

often the engineers or contractors who cut us out of the projects. Sometimes, the entre-

preneurs already have a good deal with the tile works or the merchants, and then we are 

cut to save money” (interview F2).  



 

Institutionalization 

The strong institutionalization of the construction industry highly affects the innovation 

processes (Kadefors 1995, Rohracher 2001), since it creates a lock-in of the existing re-

gime (Orstavik 2014). The institutions of the construction industry are: the governmen-

tal regulations, the standardizations initiated by the industry, the tendering system, roles 

and interest organizations, standardization of skills and knowledge, and learning and 

routine (Kadefors 1995). In the cases, we find several examples of the influencing role 

of institutions in general, but particularly the interest organizations, the regulations, and 

the standardizations are often emphasized as critical. The interest organizations and un-

ions are interested in maintaining the regime as it is, as long as the current conditions 

are favourable for their members: “There is lots of money and power at play here, and 

there is a strong fight to keep things as they are” (interview E). The interest organiza-

tions and unions within the sections for bricks, roofs, concrete, solar energy etc. are well 

positioned in the regime, and they have the access and the resources to influence, for ex-

ample, the regulations to favour the market as it is: “There are very strong lobby organi-

zations in Denmark, who are ready to burn us at the stake, and they will do so for many 

years” (interview F3).  

The regulations and standards for construction materials are seen as a very criti-

cal factor in most of the cases: “The greatest risk with innovation is that you are an easy 

prey in the fields. You will have no support until the innovation is positioned within the 

fixed boundaries of the standards or regulations” (interview D). In many cases, the regu-

lations were so difficult to change to be inclusive of the innovations that the efforts were 

instead put into understanding the current premises and refining the innovations to 

match these. For example, in the case of the green roof solutions: “We involved several 



 

consultants to understand what you are allowed to do on a roof, and we made an analy-

sis of the current norms for existing and new buildings” (interview B). A specific barrier 

to complying with the existing regulations and standards is the process of gaining suffi-

cient documentation of the innovations’ properties: “The main hurdle is to get the docu-

mentation” (interview A1). This is particularly complicated in the cases where the inno-

vations are radical in the way that they are the first solutions to merge different fields 

and are thus in positions where specific regulations and standards do not exist. This is 

very problematic in the case of the transparent solar panels, which is positioned in the 

intersection between the construction and energy industry, and in the case of the paper 

wool joint filler: “We are in a position, where there are no standards that fit our product. 

We are not a mortar joint or a plastic joint, so we had to develop our own methods for 

testing” (interview C).  

Actors and roles 

Since innovation often takes place in connection with building projects, the process is 

influenced by multiple actors often found outside the innovating unit’s existing net-

works (Bygballe and Ingemansson 2014, Pulkka and Junnila 2015). The roles and tasks 

of the actors in the construction industry are highly routinized and standardized, which 

complicates the innovation process (Rohracher 2001, Toppinen et al. 2018). The stand-

ardized roles of the actors in the construction industry have been a barrier for some of 

the cases’ entrance in the regime, for example in the case of the green roof system: “It 

has taken much longer than expected to convince the roofers to make green roofs. They 

have made asphalt roofs for 100 years, and they were not going to be gardeners now” 

(interview B). At the same time, many cases show that the right collaboration partners 

can make a great difference in strengthening the innovation as well as improving its 

route towards the regime. However, it requires a specific kind of relationship: “When 



 

we do radical innovation, we must have access to each other’s underlying treasuries of 

information. It is a matter of dependency and trust” (interview H). Furthermore, solid 

knowledge and experience with the construction industry is an essential quality of col-

laboration partners: “We talk a lot about outsiders who will disrupt the industry, but if 

you have never built a house before, you cannot make it here. The right kind of person 

with the right kind of experience can come up with something new. Professional 

knowledge and passion” (interview A2). Changing or adding partners continuously is 

also recommended, as it encourages creativity: “Forward thinking and taking new part-

ners in; and suddenly the pen is drawing differently” (interview H).  

The internal organization of the innovating units is also mentioned as a critical 

element in several cases. Since all the cases are SMEs, none of them have a specific 

R&D division but rather a team of employees who have multiple areas of responsibility. 

Furthermore, the SMEs do not hold all the necessary knowledge for developing the in-

novation, so instead relevant consultants are currently involved throughout the develop-

ment and escape process: “We have created an R&D function with 40% internal and 

60% external actors… The process we have been through has been a kind of amoeba 

that has changed all the time” (interview D)  

Conservatism 

A conservative nature, such as perceived increase in cost (Griffin et al. 2010) or aver-

sions to risk and change (Gambatese and Hallowell 2011), is often found as a main bar-

rier for innovation in the construction industry. In the cases, conservatism was the sec-

ond most mentioned factor that influences the innovations’ escape process. Conserva-

tism is manifested in both the actors of the regime and the regulations: “The construc-

tion industry is extremely conservative. A radical innovation is either killed by regula-

tions or by people who dare not take the risk” (interview A2). In many cases, there is an 



 

acceptance of this conservative nature of the industry; it is a fundamental premise of be-

ing in construction and something that probably cannot be changed: “The protectionism 

of the industry has emerged because the market is under pressure” (interview F1). At 

the same time, this conservatism is a motivating factor for developing and implementing 

innovations, and through that creating changes in the regime: “I realized that develop-

ment turns me on. To push this conservative industry that at the same time has such a 

huge potential for improvement” (interview G).  

Discussion and contributions 

The cases have illustrated a portfolio of factors that have influenced the innovations’ 

journey from niche to regime in practice. A summary of these influencing factors is pre-

sented in Table 4. 

Table 4. Influencing factors on sustainable innovations’ escape from niche to regime. 

Category Influencing factor Illustrating quotes 

Compati-

bility 

Partnering with established compa-

nies in the construction industry 

Shaping the innovation to be com-

patible with the existing infrastruc-

ture of the regime 

“If you are not part of the existing 

value chain, you will be squashed 

and not get through to the custom-

ers”  

Protection 

Regulations must be transformed to 

allow innovations to enter the re-

gime 

Funding is an essential element for 

nurturing the innovations 

“It is clear that the big companies 

are influencing the rules, standards 

and regulations. They can afford to 

have a seat at the table where all the 

big decisions are made”  

“What drove us through those years 

was funding” 

Regime-

landscape 

processes 

Landscape processes (e.g. the cli-

mate change agenda, change of gov-

ernment or the financial crisis) can 

strengthen innovations or hinder the 

progress of an innovation 

“We are favoured by fortune re-

garding the trends of the time” 

“In 2010, you could not get a loan 

in a bank for anything in the con-

struction industry” 



 

Innova-

tion in 

projects  

Implementation in building projects 

is essential for the regime’s ac-

ceptance of the innovation 

“Getting into this project… 

changed the industry’s perception 

of what we can do” 

Institu-

tionaliza-

tion 

Interest organizations, regulations, 

and standardizations are critical of 

innovations 

Documentation is a barrier for com-

plying with the existing regulations 

and standards  

“You will have no support until the 

innovation is positioned within the 

fixed boundaries of the standards or 

regulations”  

Actors 

and roles 

The standardized roles lock in the 

regime’s attitude towards innova-

tions  

The right collaboration partners can 

make a great difference in strength-

ening the innovation 

“They have made asphalt roofs for 

100 years, and they were not going 

to be gardeners now” 

“Forward thinking and taking new 

partners in; and suddenly the pen is 

drawing differently” 

Conserva-

tism 

Conservatism is manifested in both 

the actors of the regime and the reg-

ulations  

A fundamental premise of being in 

construction, but also a motivating 

factor for innovating 

“A radical innovation is either 

killed by regulations or by people 

who dare not take the risk” 

“I realized that development turns 

me on” 

Looking across the different categories stemming from the two literature streams, we 

find a series of connections and overlaps between the influencing factors, as illustrated 

in Figure 1. 



 

 

Figure 1. Connections and overlaps between the influencing factors. 

The first three categories of factors listed in Table 4 (compatibility, protection and re-

gime-landscape processes) stem from the MLP literature. Here, we find that processes 

relating to generating protection at the niche level are important for the innovations, 

particularly the need for transforming the regulations and generating financial support 

through funding. The need for funding is closely related to the landscape processes, as 

changes in the landscape can both provide a tailwind for specific innovations, for exam-

ple those related to the circular economy agenda, opening up new doors for funding, or 

create barriers for funding when, for example, the financial crisis causes the banks to 

close their doors to the construction industry. Another aspect of protection that is 

deemed relevant in the cases is the need for empowering in a way that transforms the 

regulations of the regime so that innovations are able to enter. 

The influence of regulations is likewise found in the category regarding institu-

tionalization, where interest organizations and standardizations are also mentioned as 



 

critical of innovations’ escape. These three institutions in particular lock the regime into 

its current state, complicating the innovations’ escape into the regime. If the regulations 

cannot be transformed, documentation of the innovations’ properties is essential to gain 

the regime’s acceptance of the innovation. However, gaining documentation is difficult, 

as the standards do not support innovations. This reluctance of the institutions regarding 

innovations is connected to the conservatism category that concerns both the regulations 

and the actors of the regime. This again connects to the category of actor and roles, 

where particularly the standardized roles of the regime actors are found critical for inno-

vations’ escape into the regime, as these roles are maintaining the regime as it is.  

Also, in the category of actors and roles, including the right collaboration part-

ners, both internal and external actors, in the innovation journey was emphasized as a 

factor that can make a great difference in strengthening the innovation. This connects to 

compatibility, which constitutes the third category stemming from the MLP literature. 

Here, the cases showed that collaborating with established companies in the regime and 

making the innovation compatible with the existing infrastructure of the regime reduces 

the regime’s reluctance to innovations and enhances the escape into the regime. Being 

compatible is also emphasized in the innovation in projects category that highlighted the 

importance of having the innovation implemented in relevant building projects, as it 

raised the regimes’ familiarity and acknowledgement of the innovation.  

Contributions to literature and practise  

With this study, we have provided an overview of the factors that influence sustainable 

innovations within the construction industry in their process of escaping the niche level 

and entering the regime. The portfolio of factors presented in Table 4 and Figure 1 con-

tributes with a practical understanding of what issues need to be addressed to support 

more sustainable innovations in construction. The study highlights which of the factors 



 

identified in the literature on innovation in construction (Kadefors 1995, e.g. Blayse and 

Manley 2004, Bygballe and Ingemansson 2014, Orstavik 2014) are particularly influen-

tial with regard to sustainable innovations and specifically on these innovations’ escape 

process. Furthermore, by adding the categories from the MLP literature, additional in-

fluential factors have been revealed, broadening the understanding of innovation jour-

neys within construction.  

Considering Figure 1, we find that the factors relating to the MLP literature and 

the innovation in construction literature are interlinked. At the same time, all the catego-

ries are connected, eliminating a potential argument that the categories from the con-

struction literature can be seen as subcategories or illustrations of the MLP categories. 

These findings contribute to the literature on innovation in construction by adding a fo-

cus on the factors that affect contextual innovation in construction, as requested by 

Gambatese and Hallowell (2011). Many recent studies (e.g. Nykamp 2017, Toppinen et 

al. 2018) tend to focus solely on the innovation processes taking place at the niche level. 

However, the findings emphasize that influencing factors derive from all levels, and 

thus contribute with the notion that a broad, contextual perspective is essential in studies 

of innovation processes in construction.  

Furthermore, the findings illustrate that the “push” factors from the niche to-

wards the regime (i.e. the factors within the protection category) are closely linked with 

the factors that “pull” the innovations from the niche into the regime, particularly the 

factors within the category concerning regime-landscape processes. This addresses the 

critique raised by, amongst others, Smith (2007) and Berkhout et al. (2004) that the 

MLP approach simplifies the conceptualization of the levels and gives insufficient con-

sideration to the interacting processes between niches and regimes. The finding that fac-

tors at the regime level and at the niche level are closely and interdependently linked in 



 

such a way that one factor at one level causes another factor at another level highlights 

that the regime level and niche level cannot be studied in isolation.  

A final finding from Figure 1, relevant for innovation practitioners in particular, 

is that the positive and negative factors are to some extent clustered in two groups. One 

group of factors that has a negative influence of innovations’ escapes spans the catego-

ries of actors and roles, conservatism, institutionalization and protection and sums up 

the issue of the regime’s resistance towards change. Another group of factors with posi-

tive influence of innovations’ escapes spans the categories of actors and roles, compati-

bility and innovation in projects, suggesting that the response to the resistance of the re-

gime lies within collaboration and compatibility with the existing regime. In other 

words, if you can’t beat them, join them! 

Limitations of validity 

The generalizability of the finding in this paper is limited by a number of issues. Only 

eight cases are studied, which can only be representative of a part of the niche for sus-

tainable innovations in construction. Furthermore, the units of analysis in the cases are 

the innovations of companies, in sum representing a niche, and thus not a niche itself. 

Further studies of sustainable innovation processes that focus on the factors that influ-

ence the niche processes would add an interesting perspective to the current findings.  

As the study only focuses on innovations aimed at the market for construction 

materials in Denmark, the factors are not immediately generalizable for other subsectors 

or countries. Thus, further studies on escape processes in different contexts, using a 

similar analytical framework as presented here, are recommended to gain a broader and 

more nuanced understanding of the dynamics and mechanisms at play when innovations 

journey into the regime and hence potentially support a sustainable transition process.  



 

A final limitation of validity that we would like to emphasize relates to the re-

search approach of this paper, which includes a quantitative assessment of the influenc-

ing factors, presented in Table 3, based on qualitative interviews. The table indicates 

that some factors are found to be more important than others by the respondents; how-

ever, these quantitative findings are not included explicitly in the analysis and discus-

sion sections, as the underlying data seem insufficient. Though the indications of the ta-

ble are interesting and briefly mentioned, further data stemming from quantitative 

sources such as surveys is recommended to add a valid quantitative perspective to the 

findings.  

Conclusion 

Through the study of eight cases of sustainable innovations within the construction in-

dustry, the paper presents an overview of the factors that influence sustainable innova-

tions within the construction industry in their process of escaping the niche level and 

entering the regime. Based on the analytical framework, which relies on literature on 

MLP and innovation in construction, the factors are categorized as compatibility, pro-

tection, regime-landscape processes, innovation in projects, institutionalization, actors 

and roles, and conservatism. The study finds that factors from different categories are 

interlinked and connected, which emphasizes that influencing factors derive from many 

different sources and that innovation processes in construction must be studied with 

thorough consideration of the context, including the niche, regime and landscape levels. 
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Abstract  
Niche-innovation projects play an essential role in the sustainable transition of the global 

society, but frameworks for managing sustainable niches do not resemble the actual dynamics 

at play in niche-innovation projects. By applying the Critical Incident Method, this paper 

explores the journeys of three niche-innovation projects from the Danish construction 

industry. The case studies find that the innovation journeys are highly influenced by a 

number of critical factors, of which some can be planned and managed, whereas others are 

coincidental and happen by chance. A stronger orientation towards the dynamics and 

activities in projects, so that management strategies can embrace and utilize the potentials of 

the critical coincidental factors, can contribute to a better understanding and potentially an 

acceleration of the sustainable transition process. 

 

Keywords: innovation projects; sustainability; transition process; niche management 

 

Introduction 
The challenge of ensuring a sustainable society is essential to human kind, and at the same 

time an extremely difficult task. Society – citizens, politicians, companies etc. – tend to sit on 

their hands in the fight against climate change, awaiting others’ actions and in the meanwhile 

continue practice as usual. Since the dangers of climate change are not immediate or directly 

visible in our daily lives, many of us will stay passive until the dangers become so critical and 

so present that we cannot keep our eyes closed anymore. And at that time, serious action will 

be too late. Giddens (2011) calls this menacing situation Giddens’s paradox, and argues that 

actions towards creating a sustainable society must build on the fact that most people find it 

easier to engage in the present than in the future.  

 

In the built environment, the need for addressing Giddens’s paradox is profound as buildings 

and the construction industry together are responsible for 36% of the energy consumption and 

39% of the CO2 emissions globally (UN Environment & International Energy Agency 2017). 

Though the paradox seems fundamental, not least in the tradition-bound and conservative 

construction industry, it is not impossible to confront and affect. In Norway, the introduction 

of ‘passive houses’ resulted in a rather sad debate, as people were not interested in investing 

and residing in buildings with restrictions on how to use and conserve energy. However, 

‘active houses’ that produce energy have received a much warmer welcome, and the shift in 

focus from energy saving to energy production has had a positive psychological impact on 

the construction industry (Nykamp 2016). So, the transition towards a more sustainable 

society, and in this paper with a particular focus on the construction industry, is essential, 

difficult, paradoxical and manageable.  

 

I line with this, Morris and Teerikangas (2015) have called for action for the project 

management community to engage in the sustainability agenda. The project management 

community, they claim, has retained a seeming silence regarding this topic. However, the 

potential for project, program and portfolio management to act as a key discipline for 

unlocking the challenge of climate change, and hereunder Giddens’s paradox, is grand. In 

this paper, we follow that call as we wish to contribute to the societal transition towards 

sustainability by focusing particularly on innovation projects. 

 

Innovation projects play a central role in the sustainable transition process. Following the 

Multi-Level Perspective (MLP) as a framework for understanding socio-technical transitions 

towards sustainability, innovations “are the seeds of transitions” (Geels & Schot 2010, p.24). 

The MLP (see figure 1) argues that sociotechnical transitions come about through interacting 



 

 

processes within and between the existing regime, radical niche-innovations and the 

sociotechnical landscape (Geels 2002; Geels 2010; Rip & Kemp 1998). Niches are ‘protected 

spaces’ such as R&D laboratories, subsidized demonstration projects, or small market niches 

where emerging innovations can be supported (Geels 2011). In the societal transition process, 

niche-innovations emerge and evolve over time, and eventually, potentially, contribute to a 

reconfiguration of the existing regime. These dynamics of regime transitions due to 

interactions from the niche and the landscape level is rather well-described (see for instance 

(Geels 2005; Geels et al. 2016; Smith 2006)); however, the underlying processes that take 

place at the niche level still lack conceptual understanding (Shove & Walker 2010).  

 

 
 

Figure 1: The Multi-Level Perspective (Schot & Geels 2008) 

 

The project is usually the means by which innovation takes place (Brady & Hobday 2012). 

Much literature has described the components and development process of an innovation 

project, perhaps with Van de Ven et al.’s (1999) Innovation Journey (see figure 2) as a 

seminal cornerstone. However, we suspect that sustainable niche-innovation projects that 

furthermore hold the potential of changing the existing regime, and thus contribute to a 

sustainable transition, somehow act differently than the ‘normal’ projects upon which the 

Innovation Journey is based. Since sustainable innovations are targeting a highly uncertain 

future, they have to be reflexive, adaptive, ‘fluid’, aware of its consequences, and therefore 

open-ended (Berker 2010). Therefore, with the aim of contributing to the sustainable 

transition, and as a response to Morris and Teerikangas’ call for action, we wish to 

investigate: How do sustainable niche-innovation projects develop over time?  

 



 

 

 
 

Figure 2: Key components of the innovation journey (Van de Ven et al. 1999) 

 

Initially, the paper introduces Strategic Niche Management as a widely acknowledged 

theoretical understanding of niche activities and affiliated management approaches. Based on 

this understanding, we empirically explore the development of three niche-innovation 

projects by applying the Critical Incident Method to three cases within the field of sustainable 

construction. The findings from these cases are presented and discussed before the conclusion 

sums up and suggests implications for practice and further research.  

 

Strategic Niche Management 
Strategic Niche Management (SNM) is a framework for understanding and managing niche-

innovations. Driven by the observation that many sustainable technologies never leave the 

show-rooms – or worse, remain on the shelves of laboratories as prototypes – Schot et al. 

(1994) and Kemp et al. (1998) performed research on early market experimentation with 

electric vehicles to understand why. They identified experimentation in technological niches 

as a crucial step in maturing innovations and noticed three interrelated processes leading to 

successful niche management: managing expectations, building social networks, and learning 

processes. (Coenen et al. 2010; Panetti et al. 2018). SNM particularly focuses on the creation, 

development and controlled phase-out of ‘protective spaces’ for experimental projects in 

order to nurture path-breaking innovations (Kemp et al. 1998; Smith & Raven 2012). The 

SNM framework is primarily targeted towards national and regional governments to help new 

radical innovations develop and expand by supporting a portfolio of niche projects and 

disseminating the knowledge that is gathered in the projects (Kemp et al. 1998; Lovell 2007).  

 

Through the years, SNM has met a diverse range of criticism. A notable branch of critics 

argue that the SNM framework is too orderly and structured, that the dynamics of niche-

innovations are highly complex and cannot be embraced by a singularly rational management 

task, and that more regards need to be paid to the messiness of socio-technical system change 

(Lovell 2008; Raven et al. 2016; Smith & Raven 2012). We join this choir and suggest a 

specific focus on the dynamics of the individual niche-innovation projects as a foundation for 

understanding and managing the influence of innovations on sustainable regime transitions. 

With this suggestion of focus, we extend Morris’ (2013) proclamation that program 

management has an essential role to play in managing innovations within the framework of 

MLP. We propose that also project management is an essential discipline in the societal 



 

 

transition process, a notion we will empirically explore through case studies of three 

sustainable niche-innovation projects.  

 

Research design 
To investigate the processes of sustainable innovation projects, in order to understand the 

development of such projects over time, we have conducted three case studies of sustainable 

niche-innovation projects. The three cases are related to the Danish construction industry, and 

their innovation projects hold different value propositions targeted towards the market for 

building materials. The cases are all examples of innovations with substantial sustainable 

performance, and with high potential for commercial success, i.e. the innovations provide a 

sustainable solution relevant to the market.  

 

Table 1: Overview of cases 

Case Innovation  Start  Current status of innovation process 

1 Lightweight concrete slabs 2009 Optimizing production  

2 Reuse of old bricks 2002 Generating documentation  

3 Large-scale cover of 

construction sites 2009 Seeking an established position on the 

Danish market 

 

The first case concerns lightweight concrete slabs that reduce CO2 emissions and enable 

architectonic freedom. The second case involves reuse of old bricks in new buildings as an 

example of a circular economy solution and sustainability through upcycling. The third case 

innovation is a complete cover solution of building sites that provides dry weather for the 

construction phase and thus enables, for example, larger buildings in wood. All three cases 

are start-up companies with a particular innovation and its implementation at the market as 

their main project.  

 

The case study is used as a research strategy to understand the dynamics present within single 

settings (Eisenhardt 1989). In this case, we wish to understand the dynamics at play in an 

innovation project’s journey from starting-up to successful implementation. Case studies 

generate context-dependent knowledge (Flyvbjerg 2006), which narrows the extent of 

generalizability, and as a response to this, multiple case studies are used as they typically 

provide a stronger base for theory building (Yin 2014). Findings from multi-case studies are 

generally better grounded, more accurate, and more generalizable, and they enable 

comparisons that clarify whether an emergent finding is simply idiosyncratic to a single case 

or consistently replicated by several cases (Eisenhardt & Graebner 2007). The case studies 

are based on a mixed methods design (Yin 2014) including six in-depth, semi-structured 

interviews (Kvale 2007) performed by the authors, supplemented by three secondary source 

interviews (Smith Innovation 2016) from which notes have been available. Furthermore, a set 

of reports and documents produced by governmental authorities and professional 

consultancies on e.g. barriers and opportunities, technological performance assessments, and 

policy documents related to the three cases have produced a solid foundation for 

understanding the contexts of the innovation projects. The transcripts from the interviews, 

each lasting approximately one hour, have been coded, and the entire collection of data has 

been analyzed by the authors.  

 

To explore the dynamics at play in the three cases, we have applied the Critical Incidents 

Method (Weatherbee 2010). This methodology is used primarily for exploratory research, 



 

 

which indeed is the aim of the present study. It is a flexible qualitative or mixed methods 

technique used for the study of factors, variables, or behaviors that are critical to the success 

or failure of an activity or event and associated outcomes. We thus apply an event-based 

focus to our case studies to identify factors that have been critical, i.e. significant, unique or 

unusual, for the innovation journeys. As almost all events or critical incidents will be post 

hoc analyses, a combination of evidentiary material has been used within the case studies. 

Furthermore, we acknowledge in our study that critical incident method based cases should 

be considered only analytically generalizable. That is, the results of the study may provide an 

analytical or propositional framework within which other, perhaps similar, events or incidents 

can be analyzed.  

 

The critical incidents method has been applied on the analysis of the collected data, and based 

on this an illustrative map of the critical factors for each of the three cases have been 

produced. Figure 3 shows an example of such illustrations. These maps have formed the basis 

for the following analysis and presentation of findings.   

 

 
 

Figure 3: Illustrative map of the critical factors for case 2 (reuse of old bricks). 

 

Case descriptions 
The three innovation projects have all journeyed from a starting-up position with not much 

more than a good idea of an innovative technology towards an entry at the market for 

building materials in Denmark. As noted in table 1, at the time of writing, not all cases are yet 

firmly established at the market, however all have experienced to have their innovation sold 

to and implemented in notable large-scale building projects. Following the critical incident 

method and with inspiration from the project management field, the descriptions of the cases’ 

innovation journeys will focus on critical factors for (1) the innovation itself (the product), 

(2) the journey of the project from niche towards the existing regime (the process), and (3) 

the actors involved in initiating, developing and implementing the innovation (the people).  

 

  



 

 

Case 1: Lightweight concrete slabs 

In 2009, three entrepreneurial business students, who found school too theoretical, wanted to 

start a business together. One’s father was a professor in concrete structures and had invented 

a new technology for lightweight concrete slabs with promising commercial potential. 

However, the professor did not intend to become an entrepreneur himself, so the three 

students founded a company that further developed and commercialized the innovative 

technology. The university, where the technology initially was invented, required that the 

three entrepreneurs collaborated with a specific investor in order to have the innovation and 

its intellectual property rights transferred.  

 

With the investor, further funding for the start-up of the company was established, and a CEO 

and an engineer were hired. The engineer had a great passion for the innovation and initiated 

a process for refining both the product and the production procedure, and for generating the 

necessary performance documentation together with numerous consultants from universities, 

private companies and research and technology organizations. Meanwhile, the three 

entrepreneurs focused on obtaining further funding and on selling their product to architects 

and contractors to have it implemented in building projects. The CEO established a 

partnership with a concrete manufacturer already established on the market, and hereafter the 

product was sold to three large-scale building projects.  

 

However, the three entrepreneurs were displeased with the engagement and performance of 

the CEO, and eventually the board decided to replace him. A new CEO has hired, but shortly 

hereafter an essential funding agreement was cancelled and the company declared itself 

bankrupt. Still, the innovation behind the company, the product, was well functioning and the 

clients were pleased. The three entrepreneurs, who were now reduced to two due to illness, 

together with the engineer and the new CEO formed a new company in partnership with the 

manufacturer. The connection to the manufacturer, who was an established and 

acknowledged actor on the market for building materials, supported the credibility of the new 

company and thus influenced the innovation to be sold and implemented in further building 

projects both in Denmark and abroad. The main influential factors in the innovation journey 

of the concrete case are collected in table 2. 

 

Table 2: Critical factors in case 1 

Product Process People 

The professor’s invention 

The engineer’s engagement 

in developing the innovation 

The consultants’ assistance 

in the development process 

Funding for development 

and market entrance 

The three entrepreneurs’ 

drive for establishing a 

company  

The demission of the CEO  

The partnership with the 

manufacturer positioned at 

the existing market 

The market’s reluctance to 

new building materials 

The new CEO’s engagement 

in the new company 

The university’s requirement 

of partnership with the 

investor  

The investor’s employment 

of the CEO 

 

 

 

  



 

 

Case 2: Reuse of old bricks 

The innovative technology in this case cleans off mortar from old bricks via vibrations so that 

no chemicals or hazardous substances are left, and thus enables the old bricks to be reused for 

the benefit of both the environment and the aesthetics of the buildings. The technology was 

invented by an impassioned entrepreneur who did not manage to utilize its commercial 

potential, and thus the sales manager took over the company and the technology and became 

the CEO. Using the technology, he started cleaning bricks by himself until one day a large 

property developer called and asked for 40.000 bricks for one of their renovation projects. To 

execute this order, the CEO had to have a staff, and in collaboration with the local 

municipality, he hired a couple of employees with wage subsidy. This became the start of the 

social responsibility profile of the company, who now employs refugees, vulnerable 

youngsters and disabled people. In line with this, the company formed a partnership with a 

social venture fund. This partnership raised the credibility and reputation of the company, as 

the social venture fund attracts many renowned investors and costumers.  

 

To develop the innovation and particular to enter the market for building materials, the 

company raised further funding, e.g. from the EU who had several focus areas within the 

circular economy agenda. One of the main challenges to solve was to gain proper 

documentation that the old bricks were sound and safe to use in buildings. Several actors 

from the existing industry, for example the tile works producing new bricks and the trade 

organizations representing them, had loudly demanded specific certifications of reused 

building materials. After years of determined effort, the old bricks recently gained the 

requested certificate and can now document its environmental and structural performance on 

the same terms as new bricks.  

 

Another obstacle in the innovation journey of the reused bricks project was to gain access to 

the old bricks. The demolishers, from whom the old bricks were purchased, had already 

established optimized procedures for tearing down buildings and sorting materials, and they 

had created a decent business model in reselling the demolished materials as road filling. To 

have the old bricks specifically sorted out would require more man-hours, and consequently 

the demolishers demanded a higher price, which raised the price for the reused bricks 

considerable. Alternatively, the old bricks could be purchased from the municipalities who 

operate the recycling centers. An agreement with several municipalities were in place when a 

change of Government resulted in a far more liberal policy for waste management, and the 

arrangement fell through.  

 

Recently, a new partnership with several recycling organizations has been established to 

secure the access to old bricks, and the company has experienced a breakthrough in 

delivering to larger building projects in the range of 600.000 bricks. The revenues of the 

company are increasing, but there is still some way to go in order to reach the full potential, 

which is estimated to 47 million reused bricks per year, and today the company realizes three 

million bricks. So the innovation journey for the reused bricks continues.  

 

  



 

 

Table 3: Critical factors in case 2 

Product Process People 

The entrepreneur inventing 

the technology 

The technology for cleaning 

old bricks 

Funding for development 

and market entrance 

Gaining the documentation 

certificate  

The property developer who 

placed the first large order 

The existing market’s 

reluctance to new types of 

materials 

The circular economy 

agenda, raising awareness of 

the innovation 

The challenge of generating 

proper documentation  

The challenge of gaining 

access to the old bricks 

Change of Government, 

liberalizing the market for 

waste 

Employment of wage 

subsidy staff, initiating the 

social responsibility profile  

The partnership with the 

social venture fund, 

generating credibility for the 

company 

 

 

Case 3: Large-scale cover of building sites 

The idea for the innovation in case 3 came as a result of a fortuitous meeting between a stage 

builder from the entertainment industry and an engineer specialized in lightweight, module-

based buildings. The engineer instantly saw the potential of transferring the large-scale 

structures from the stage to the building site as a complete cover solution that, for instance, 

could enable larger buildings in wood. The stage builder quickly caught the idea and refined 

the structures and the set-up procedures to match the requirements for a building site.  

 

The main challenge in this innovation journey was to find investors, as the structure was 

rather expensive upfront but profitable in the long run. The company received funding for 

market maturity with the requirement of having the innovation implemented in a building 

project within a set period of time. The team sold their idea to a large contractor but close to 

the deadline, the arrangement fell through. Instead, the stage builder rushed to get in contact 

with previous collaborators from the music industry, and shortly after, and within deadline, 

they had their construction set up for a concert at Wembley Stadium.  

 

The market maturity funding was further geared with private and public funding, as the banks 

were not interested in investing in the project. Through one of the private funding 

organizations, the team met the construction manager of a hospital that was about to be 

rebuild. Later, on the golf court, the engineer met the contract manager of the same building 

project, and they ended up with a significant order for that project which indeed established 

them in the market for building materials. Before that, on the football field, the engineer had 

run into an old friend from university who now worked at a large consultancy company. The 

consultant had by chance seen a mock-up of the structure at Wembley, and he was very 

interested in the concept. Thus, the innovation was implemented in a large office-building 

project.  

 

  



 

 

Table 4: Critical factors in case 3 

Product Process People 

The meeting btw. the stage 

builder and the engineer, 

initiating the innovation 

 

The banks’ reluctance to 

offering loans, causing a 

dependency on private and 

public funding 

 

The stage builder’s old 

connection in the music 

industry, resulting in the 

Wembley project 

Meeting at the football field, 

resulting in the office project 

Meeting at golf court, 

resulting in the hospital 

project 

 

Analysis of innovation journeys 
Looking across the three cases, we find examples of innovation journeys where the 

technology behind the innovation was invented beforehand and not directly by the case 

companies. The cases are thus not representing journeys from idea to product, but from 

product to market – in other words, from niche to regime. Along these journeys, several 

incidents have happened that have shaped the product design and performance, the process 

towards implementation and the people involved over time. Some critical incidents or factors 

are found in all three cases, and some only appear once. But more interestingly, we find two 

categories of factors in all three cases; the factors or incidents that can be foreseen, planned 

and managed, and the incidents that happen by chance or coincidentally.  

 

Manageable factors 

First, we find the incidents where entrepreneurial types realize the potential of a technology 

or innovation of becoming a commercial and sustainable success. The three entrepreneurs 

located the professor’s technology in the concrete case, the sales manager saw the potential of 

cleaning old bricks, and the stage builder and the engineer realized the possibilities of 

transferring stage constructions to building sites. The management task here is to see the 

innovative potentials in an existing technology and then plan a process for developing, 

refining and adapting the technology to become relevant for and saleable to the market.  

 

Hereafter, obtaining funding is essential to support the journey onwards, i.e. the process of 

developing and producing the innovation and getting it implemented on the market. Each step 

takes time and hard work, and requires financial support. Funding often comes with specific 

restrictions for and influence on the innovation project both in terms of the product, the 

process and the people involved. In the concrete case and the old bricks case, funding was 

achieved for the refinement of the product so that it could enter the market with restrictions 

for e.g. specific types of documentation to be generated. In the site cover case, the process 

was influenced by the funding factor due to implementation requirement within a specific 

timeframe, which steered the project towards a focused search for a building site to cover, 

ending with the Wembley project. Finally, also in the concrete case, the investor influenced 

the innovation organization by hiring a CEO that did not live up to the expectations. 

Managing the funding requirements is thus essential both in terms of securing the value of the 

product, the direction of the process and the involvement of the people. And above all, to get 

financial support of the project.  

 



 

 

With the innovation developed and refined, and the funding secured and its requirements 

addressed, the direction of the journey turns towards entering the market. Here, a critical 

factor is the existing regime, i.e. the actors already established in the market, their norms and 

values, and their existing procedures. In the old bricks case, we saw that the tile works and 

their organization set up high demands for documentation of the performance of the old 

bricks, which took time and effort for the company to achieve. In the concrete case, the 

existing market also acted reluctantly towards the entrance of new types of building 

materials. To deal with this, the company formed a partnership with a manufacturer already 

established in the market, which gave them the necessary credibility. So, useful strategies for 

managing the existing regime actors is to do as they say by gaining the necessary 

documentation and join the them by establishing partnerships.  

 

Finally, when the innovation is developed, the funding is in place and the existing regime on 

board, the path is clear for implementation. In the three cases, getting involved in a large-

scale building project is the alpha and omega for the success of the innovation. This 

dependency on other projects might be unique for the construction industry, however, in the 

end, it is about finding a client to your innovation and make a sale. As we saw in the old 

bricks case, the first big sale can make all the difference. To them, it meant hiring staff and 

accelerating both the production and the cultural development. In the site cover case, first the 

office-building project and thereafter the hospital project where significant factors for their 

establishment on the market. Thus, getting in on an important project or selling the 

innovation to an actor of consequence is highly critical for the innovation journey.  

 

Coincidental factors 

Across the three cases, we observed a number of incidents or factors that largely influenced 

the innovation journeys, but that was not directly possible to plan or manage. These factors, 

that somehow happened by chance and at the same time took the innovation project in a new 

direction, we characterize as coincidental factors.  

 

Fortuitous meetings have had a great impact on the projects and its journeys in both case 2 

and 3. In the old bricks case, the CEO’s meeting with the municipality when he initially 

needed to hire staff resulted in a social responsibility profile of the company due to the hire of 

socially marginalized people on wage subsidy. This led to a partnership with a renowned 

social venture fund, which generated credibility and publicity of the company. The meeting 

with the municipality, of course, was planned, but the outcome and its derivative effects 

could not have been foreseen by the CEO. Also, in the site cover case, the meeting between 

the stage builder and the engineer, igniting their innovation journey, was purely coincidental. 

The engineer happened to drive by a site, where the stage builder was at work, had a bright 

idea, stopped the car and went over to have a talk. This meeting could not have been planned, 

but they both saw the potential of merging their professions and their innovation journey 

began.  

 

Another coincidental factor observed is the personalities of actors central to the innovation 

project. In the concrete case, the engineer’s genuine engagement in and passion for the 

innovation drove the development process forward, resulting in a refined product and an 

optimized production. His personality, of course, was an essential part of why he was hired in 

the first place, but as with any employment, it is a gamble whether the person you hire will 

actually perform as you expect, or, as in this case, over-perform and to a high degree add 

value to your project. Generally seen, the concrete case is an example of an innovation 

project highly influenced by personalities. The drive and fighter-will of the three 



 

 

entrepreneurs has indeed been the fuel for the journey. On the contrary, the lack of 

engagement of the CEO, resulting in disappointing sales figures and internal dispute, slowed 

down the pace of the project.  

 

A third essential factor that is both highly influential on the innovation projects studied and 

difficult to plan ahead is personal connections. In the site cover case, the three main building 

projects where the innovation initially was implemented, which triggered funding and 

professional recognition, came into being due to personal connections. First, the stage 

builder’s connection in the music industry resulted in the Wembley project. Second, the old 

school mate, the engineer met at the football field, led to the office-building project. And 

third, the rendezvous at the golf court opened up for the hospital project. The stage builder 

and the engineer were keen to make use of their personal connections when the opportunities 

arose, but the portfolio of friends, family, acquaintances and former co-workers and their 

potential influence on the innovation project is highly difficult to construct and manage 

upfront.  

 

The fourth coincidental factor, observed in multiple cases, we characterize as the landscape 

factor. Referring back to the Multi-Level Perspective model in figure 1, the landscape 

constitutes the broad, external context for the existing regime and niche activities, such as 

cultural norms and values or slowly changing broader social structures (Geels 2011; 

Rohracher & Späth 2014). The landscape factors observed in the cases are thus examples of 

political incidents or societal trends that have influenced the innovation projects but without 

any chance for the project teams to interfere conversely. In the old bricks case, the project 

happened to benefit greatly from the rising focus in the Danish society and particular in the 

EU on the circular economy agenda. When the company started its journey in 2002, this 

agenda was not very apparent, but as the awareness of sustainability and sustainable living 

rose, so did the circular economy agenda. The old bricks project also experienced the 

negative effect of landscape factors, when a change of Government liberalized the waste 

market, complicating the process of getting access to old bricks. Likewise, in the site cover 

case, the repercussions of the financial crisis meant that the banks were reluctant to offer 

them loans to support the innovation project, causing a dependency on private and public 

funding and with that an acceptance of the terms not particular beneficial for the project.  

 

These four coincidental factors observed across the three cases are, opposed to the 

manageable factors, very hard to implement in the planning and management procedures of 

an innovation project. However, they play a very significant role, influencing the innovation 

journeys studied in both a positive and negative direction. In the cases, these factors have 

been managed or dealt with rather pragmatically by exploring the opportunities and new 

scenarios caused by the incidents and just go with it. This managerial approach, to go with it, 

can actually be applied to all four observed coincidental factors. If you by chance meet 

someone interesting, and you sense a potential fruitful interplay, go with it – perhaps it is 

love! The personalities of actors central to the project can be a make-or-break-factor for the 

project, so the project manager must make sure to benefit from the positive energy and deal 

with the opposing forces. Personal connections can save your project, so use them wisely, 

and finally, you cannot hinder landscape factors to influence the project, so just go with the 

flow.  

 

The findings from the three case studies, the managerial and coincidental factors that have 

influenced the innovation journeys and how they have been managed, are presented in table 

5. 



 

 

 

Table 5: The manageable and coincidental factors found in the three cases 

Manageable factors 

Existing technology 

See the potential, 

develop, refine, adapt 

Funding 

Follow the rules  

of the game 

Existing regime 

If you can’t beat 

them, join them! 

Implementation 

Get in on 

significant projects 

Coincidental factors 

Fortuitous meetings 

Could it be love? 

Personalities 

It can make  

or break you 

Personal connections 

Your savior might be 

on the golf court 

Landscape factors 

Go with the flow 

 

Discussion 
The three case studies of the niche-innovation projects showed that several factors or 

incidents critically influenced the journeys of the projects. Some factors were manageable 

and could to some extent be planned upfront, whereas other factors were coincidental and 

happened by chance, and their influences on the project had to be managed as they occurred. 

Due to these ongoing critical incidents, the journeys of the projects became highly dynamic 

with varying obstacles to overcome, changes in the context, both at the regime and landscape 

levels, to adapt to, and new set-ups in the project organization to deal with. The findings from 

the case studies suggest that the management strategies of sustainable niche-innovation 

projects must be largely agile and adaptable in order to keep the project on track when 

random factors knock it off course or generate a favorable tailwind. Such strategies must be 

able to adapt to unknown critical factors and be prepared for sudden changes in the project, 

regarding both the product, the process and the people. In the cases, the pragmatic strategies 

have broadly been to go with it. The case companies are all small start-ups who neither have 

the power or resources to go against the critical factors, nor do they have the experience or 

means to set up a specific strategy for managing the critical coincidental factors. Instead, they 

allow the projects to follow where the incidents lead, and though the deviations take time and 

resources, the projects in general became stronger by the influence of the critical factors.  

 

The findings from the case studies support the critique of the Strategic Niche Management 

(SNM) initially addressed that that the dynamics of niche-innovations are highly complex and 

cannot be embraced by a rational management task. The dynamic, agile management 

approach, found at the project level, contrasts to the structure of the SNM framework that 

argues that three interrelated processes (managing expectations, building social networks, and 

learning processes) lead to successful niche management. We do acknowledge that the SNM 

framework primarily is targeted towards national and regional governments with the aim of 

helping the development of innovations by supporting a portfolio of niche projects. However, 

innovations happen in projects, and these projects, we have found, are dynamic and highly 

affected by uncertain, coincidental incidents. Based on the findings from the case studies, we 

thus suggest adding the project level as a foundation for niche management. 

 

Though the suggested dynamic management approach challenges the structure of the SNM 

framework, the findings from the case studies also resemble the central processes of the SNM 

framework. The coincidental factors include examples of the importance of managing 



 

 

expectation (e.g. when dealing with different personalities), building social networks (e.g. 

using your personal networks) and learning processes (e.g. the overall strategy of following 

the critical factors, exploring the opportunities and learning from the experiences). What 

differ the case study findings from the SNM framework is the management approach. SNM 

offers a structured approach to niche management including controlled development and 

phase-out of protective spaces for experimental projects, whereas the case study findings 

suggest that management of niche-innovation projects must include a high degree of 

flexibility in order to respond to the coincidental factors and critical incidents. We suggest 

that basing the understanding of niche-innovation dynamics, and with that the approach on 

how to manage niches, on the dynamics found at the project level can strengthen the SNM 

framework in becoming more practice-oriented and perhaps more effective. Further research 

is needed on how the dynamics and critical factors at play in niche-innovation projects in 

practice can influence, complement and strengthen the niche management approach. 

However, based on the findings, we argue that a stronger orientation towards the practical 

activities at the project level can contribute to a better understanding and potentially an 

acceleration of the sustainable transition process.  

 

With this suggestion, we also wish to address the project management community. In line 

with Morris (2013), we agree that management of projects (mop) plays a significant role in 

the sustainable transition of the global society. However, we argue that transitions are not 

only supported and influenced from a policy level, focusing on strategic management of 

programs and portfolios. The project level is significant to consider in this process, both in 

terms of generating an understanding of the dynamics at play at all levels, and in terms of 

developing project management skills that embrace the high degree of complexity and the 

need for agility in niche-innovation projects.  

 

Conclusion 
The underlying aim of this paper was to investigate how sustainable niche-innovation 

projects develop over time in order to gain a solid, practice-based understanding of the 

dynamics at play in niche-innovation projects, and with that contribute to the literature on 

sustainable transitions by adding a particular focus on the role and dynamics of projects. By 

studying three cases of innovation projects from the Danish construction industry, we found 

that their innovation journeys have been highly influenced by a number of critical incidents, 

of which some can be planned and managed, whereas others are coincidental and happen by 

chance. The critical role of these coincidental factors at the project level challenges the 

structured approach of Strategic Niche Management (SNM) as a framework for managing 

and nurturing innovation niches. We thus suggest that SNM, and sustainable transition 

oriented program management in general, pay more attention to the dynamics and activities 

of projects so that management strategies become agile and flexible enough to utilize the 

potentials of the critical coincidental factors.  

 

In practice, a strategy for niche management that is based on the actual activities taking place 

in niche-innovation projects could be a significant contribution in order to support and 

accelerate niche-innovations’ journeys towards the regime. Moreover, there are several 

interesting research avenues to follow regarding the role of project, program and portfolio 

management in the societal transition towards sustainability. In this paper, we have focused 

specifically on the project level and through multiple cases shown that such studies give rise 

to new aspects for transition management to incorporate. Another relevant and interesting 

path to follow for further research is the interplay between projects, programs and portfolios 

in the context of sustainable transition processes. These processes are highly complex and 



 

 

extremely important, not just in the construction industry, as studied in this paper, but 

globally and across all sectors. The project management community have an important and 

exciting role to play in accelerating the societal transition process, but it requires immediate 

action and the will to engage in the future.  
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Transforming ecosystems: Facilitating sustainable 

innovations through lineage of exploratory projects 

 

  



 

 

Abstract 

Radical innovations are essential for the sustainable transition of society; however, such 

innovations are struggling to establish a solid position in the ecosystem. Through a case 

study, the influence of the ecosystem on a radical, sustainable innovation is investigated. The 

study shows that the ecosystem causes bottleneck challenges for the innovation and that a 

lineage of exploratory projects is essential to transforming the ecosystem and thereby 

supporting the breakthrough of the innovation. A model for lineage ecosystem management 

is proposed, extending the multi-project lineage management approach and contributing with 

a particular focus on radical, sustainable innovations.  
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Introduction 

Projects and programs are drivers of change. The case of the Apollo program and 

Manhattan projects are well celebrated exemplars of how societies and industries are shaped 

by organizing series of projects in order to contribute to a common, higher order objective 

(Turner, 2009). Recently the management of projects, programs and portfolios has been 

highlighted as core practices for addressing sustainability challenges like climate change 

(Morris, 2017). The transition towards a sustainable society requires completely new 

configurations of industrial sectors, established markets, consumer practices, as well as 

multiple radical innovations (Berkhout, 2014; Geels, 2002; Grin, Rotmans, & Schot, 2010). 

Thus, following Morris’ (2017) call for action, this paper addresses the challenge of 

supporting the societal sustainable transition by investigating the role of multi-project 

management. The study differs from traditional management of large-scale, complex 

programs by focusing on a small company with a radical, sustainable innovation and how 

such a case can break through into well established markets. This is done by investigating the 

following three research questions.  

(1) What is the role of the ecosystem in the breakthrough process of a radical, 

sustainable innovation? Literature within innovation management emphasizes the alignment 

of the innovation’s ecosystem as being essential for the value proposition of an innovation to 

materialize (Adner, 2012, 2017). However, for radical, sustainable innovations, their 

implementation and breakthrough depend not only on the alignment of the ecosystem. In 

order to comply with the sustainability agenda’s focus on limited resources and minimization 

of waste production, the innovation’s ecosystem needs to transform its practices, positions, 

values, etc. This transformation of the ecosystem is particularly challenging for a small, 

innovative company that does not (yet) hold a solid position in the market. At the same time, 



 

 

it also holds great potentials for both the sustainable innovation and the society’s transition 

towards sustainability.  

(2) How can exploration and exploratory projects be the key to transforming 

sustainable innovations’ ecosystems? Radical, sustainable innovations contain a high degree 

of risk and uncertainty (Linder & Williander, 2017) and a profound request for creativity and 

experimentation, since sustainable innovations have to be reflexive, adaptive, aware of their 

consequences, and therefore open-ended (Berker, 2010). Through exploratory projects (Brady 

& Davies, 2004; Lenfle, 2008; Loch, DeMeyer, & Pich, 2006), experimental learning and the 

creation of knowledge on new technical innovations, new practices, new business models, 

new markets, etc. (Lenfle, 2008, 2014; Loch et al., 2006) can be facilitated, potentially 

unlocking the challenge of transforming the ecosystem.  

(3) How can exploratory projects be organized to transform the ecosystem? Several 

models exist on multi-project management, for example portfolio management, platform 

management, and program management (Cooper, Edgett, & Kleinschmidt, 1999; Maylor, 

Brady, Cooke-Davies, & Hodgson, 2006). However, these model do not include the 

mechanisms of exploration but focus on project alignment, investment and cost reductions, or 

grouping of projects (Maniak & Midler, 2014). In contrast, lineage management includes an 

exploration process with the aim of expanding knowledge on a value domain. In this 

perspective, an exploratory pilot project is followed by others that both have an exploitative 

dimension of the initial move and an exploratory dimension of new variables (Midler, 2013). 

This paper thus investigates lineage management as an approach to transforming the 

ecosystem of a radical, sustainable innovation.  

The paper starts by unfolding the literature on exploratory projects, ecosystems, and 

lineage management, resulting in an analytical framework. After the description of the 

methodology and research design, the case of a radical, sustainable innovation is presented: 



 

 

the story of reused bricks. Based on the developed framework, the characteristics and 

strategic approaches regarding the ecosystem and exploratory projects in the case are 

analyzed. The discussion proposes a model for lineage management that includes the 

ecosystem as a central element and furthermore elaborates on how the findings contribute to 

the current knowledge on exploratory projects, ecosystems, and lineage management. Finally, 

limitations and potential research avenues are presented, followed by concluding remarks.  

 

Literature Review 

The aim of this literature review is to generate an analytical framework for investigating the 

three research questions; that is, the role of the ecosystem, exploratory projects and lineage 

management in the case of a radical, sustainable innovation. Following, the characteristics 

and management strategies related to ecosystems, exploratory projects and lineage 

management are clarified. 

 

Ecosystems 

Moore (1993, 1996) introduced the term business ecosystems to describe the networks of 

organizations and individuals that work cooperatively and competitively to produce goods 

and services of value to customers, who are themselves members of the ecosystem. Over the 

past 20 years, the research on ecosystems and its application in practice has spread widely, 

resulting in multiple research streams on business ecosystems, platform ecosystems, 

innovation ecosystems, entrepreneurial ecosystems, etc. (Gomes, Facin, Salerno, & Ikenami, 

2018; Rong, Lin, Shi, & Yu, 2013). This paper will concentrate on the branch within 

ecosystem literature that focuses on innovation ecosystems (which will simply be referred to 

below as ecosystems).  



 

 

Innovation is a network-building effort where ideas are created, adopted, and 

implemented among multiple actors (Van de Ven, 1986). This means that the success of a 

firm holding a promising innovation depends not only on the firm itself but also on a set of 

external actors playing their part in allowing and supporting the implementation of the 

innovation (Adner, 2012; Von Pechmann, Midler, Maniak, & Charue-Duboc, 2015). On a 

macro level, ecosystems are viewed as communities of associated actors defined by their 

networks and platform affiliations, and where the managerial focus is on the breakdown of 

traditional industry boundaries, the building up of platforms, and the potential for symbiotic 

relationships in productive ecosystems (Iansiti & Levien, 2004; Rong et al., 2013). On a 

micro level, concentrating on a particular organization, ecosystems are viewed as 

configurations of activity defined by a value proposition (Adner, 2006; Adner & Kapoor, 

2010). From this perspective, Adner (2017, p. 40) defines an ecosystem as “the alignment 

structure of the multilateral set of partners that need to interact in order for a focal value 

proposition to materialize.” Since the central study in this paper focuses on the case of a 

single company’s actions in a novel context, the micro perspective on innovation ecosystems 

is of particular relevance. Furthermore, Adner (2006) and Adner and Kapoor (2010) are 

found to have strongly contributed to disseminating the term innovation ecosystem (Gomes et 

al., 2018), and thus the research stream related to these authors is in focus in this paper.  

Adner (2017) argues that an ecosystem is characterized by four elements: (1) The 

activities needed for the value proposition to materialize. (2) The actors or partners who are 

performing these activities. (3) Positions of the actors in the flow of activities: Who hands 

over to who? (4) The content of the links or transfers between actors, for example material, 

information, influence, or funds.  

Central to an ecosystem strategy is the alignment of partners; that is, ensuring that all 

partners are satisfied with their positions in the system and their relationships or interactions 



 

 

with other partners (Adner, 2017). However, an ecosystem also contains strategic 

implications, such as bottleneck challenges (Adner & Kapoor, 2010; Hannah & Eisenhardt, 

2018). Bottleneck challenges are components that constrain the overall performance and 

alignment of the ecosystem. These challenges can be caused by one or more partners and can 

be distributed unevenly across the ecosystem (Adner & Kapoor, 2010; Hannah & Eisenhardt, 

2018). Thus, a strategy for managing ecosystems also includes a search for, identification of, 

and finding of solutions to bottleneck challenges.  

 

Exploratory projects 

For organizations to secure their existence and progress in highly innovative contexts, 

exploratory projects are strategically relevant (Lenfle, 2014). An exploratory project is a 

strange kind of innovation project (Lenfle, 2016) where the goal is not to develop a new 

commercial product. Rather, an exploratory project is an experimental learning process with 

the aim of generating space for exploring what the organization does not know that it does 

not know—the unknown unknowns—in relation to new technical innovations, new practices, 

new business models, new markets, etc. (Lenfle, 2014; Loch et al., 2006). In contrast to 

exploration, where the capturing terms include experimentation, flexibility and innovation 

exploitation includes refinement, production, execution etc. (March, 1991). 

Lenfle (2008) identifies five characteristics of exploratory projects. First, in 

exploratory projects, the strategy of the project cannot be determined upfront but must be 

defined gradually as the project progresses. Second, the exploratory project is not linked to a 

specific customer demand, and thus no clear market is identified. Third, due to the absence of 

a clearly identified target audience, the objectives of an exploratory project are abstract, 

uncertain, and diffuse. Fourth, an exploratory project centers on the creation of new 

knowledge, which adds great uncertainty to the project. Fifth, the uncertainty and high degree 



 

 

of abstraction related to exploration results in an absence of clear urgency and a multiplicity 

of time horizons.  

Facing an exploratory project, and with it the limits of traditional project 

management, a project manager can tend to rely only on his or her “gut feelings” as a 

strategic guide (Maniak, Midler, Lenfle, & Le Pellec-Dairon, 2014). However, exploratory 

projects do hold a logic that can be managed (Lenfle, 2016), and the literature has identified a 

broad range of management and strategic principles and best practice examples (Brady & 

Davies, 2004; Frederiksen & Davies, 2008; Lenfle, 2014; Loch et al., 2006). One example is 

Loch et al. (2006), who focus on the fact that an exploratory project is paved with unknown 

unknowns. Their approach suggests that, first, the unknown unknowns and the complexity of 

the project must be diagnosed by, in essence, identifying the major knowledge gaps regarding 

the project’s modules, tasks, and stakeholders. Second, these unknown unknowns of the 

project can be managed by implementing double-loop learning and selectionism. Double-

loop learning involves not only continuous modification of the plan as learning from 

experiments emerges but also the creation and implementation of new policies for further 

learning. Selectionism involves trying out several plans simultaneously and then selecting the 

one that works best. 

 

Lineage management 

Start-up companies often experience great uncertainty about the potentials of products and 

markets, and thus exploration of the opportunities is crucial (Midler & Silberzahn, 2008). 

However, start-ups tend to replace exploration with exploitation as soon as an initial 

opportunity is identified, thus missing the chance of further exploring and adapting to a 

changing environment. Le Masson, Weil, and Hatchuel (2010) propose lineage management 

as an innovation approach, where several products are developed based on a common, initial 



 

 

concept but following different interconnected lines of development. The competences of the 

innovating unit—which for start-ups and innovative SMEs is typically the company itself—

including knowledge on markets or technologies, are developed and expanded along these 

lines as well. Lineage management is thus not simply a process of learning from one project 

to the next but a systematic and coordinated exploration strategy across projects (Midler, 

2013).  

 

 

Figure 1. Lineage Management (adapted from (Le Masson et al., 2010, p. 109)) 

 

Lineage management is also found useful for established companies, where radical 

innovation strategies often are very difficult to implement. However, in such cases, lineage 

management of multiple projects becomes a way to expand an initial concept into a 

diversified range of products targeted at multiple customers in different geographical 

locations while keeping the key specificities of the concept (Midler, 2013). Maniak and 

Midler (2014) formalize multi-project lineage management (MPLM) as a specific type of 

dynamic inter-project coordination, which includes an initial concept formulation, expansion 

through projects that share the same concept, and cross-project learning and strategizing. 



 

 

Along these lineages of projects, the level of management varies between exploration and 

exploitation.  

 

Analytical framework 

Adner (2017) argues that for innovations that require a significant change in the configuration 

of any of the four elements of the ecosystem (activities, partners, positions, and links), the 

ecosystem dynamics become critical for crafting and understanding. This implies that for 

radical innovations, the management of an ecosystem becomes more complex and uncertain, 

since a radical innovation in its radical nature is incompatible with the incumbent ecosystem 

and its value proposition requires radical shifts in the ecosystem. In addition, the more an 

innovation and its value proposition require the ecosystem to change, the more likely it is that 

one or more components will cause bottleneck challenges. The bottleneck challenges are, due 

to the uncertain configuration of the ecosystem structure, characterized by multiple unknown 

unknowns such as what activities are constrained, why, and who by. Finding answers to such 

questions and thereafter developing a solution, moreover when the configuration of the 

ecosystem is changing and unclear, requires a particular kind of project. The concept of 

exploratory projects embraces such abstract characteristics and offers a strategic approach to 

address bottleneck challenges caused by the ecosystem in the case of a radical innovation. 

Furthermore, lineage management suggests an approach for knowledge creation and 

innovation development that includes a lineage of projects with some exploitative and some 

explorative dimensions. 

Based on the literature, Table 1 proposes an analytical framework for investigating 

how a radical, sustainable innovation can break through into an established market. The 

analytical framework is applied to the case study by mapping the role of the ecosystem and 



 

 

the exploration activities, and, finally, analyzing the management of the ecosystem and 

exploratory projects as a kind of lineage management.  

 

Table 1. Analytical Framework for Investigating the Case of a Radical, Sustainable 

Innovation 

 Ecosystems Exploratory projects Lineage management 

R
e
s
e

a
rc

h
 

q
u

e
s
ti

o
n

 What is the role of the 
ecosystem in the 

breakthrough process of a 
radical, sustainable 

innovation? 

How can exploration and 
exploratory projects be the 

key to transforming 
sustainable innovations’ 

ecosystems?  

How can exploratory 
projects be organized to 

transform the ecosystem? 

C
h

a
ra

c
te

ri
s
ti

c
s

 

Activities 

Partners 

Positions 

Links 

Gradually defined strategy 

No customer demand 

Uncertain objectives 

Creating new knowledge 

No clear urgency 

Lineage of projects with a 
shared concept, where the 
level of management varies 

between exploration and 
exploitation 

S
tr

a
te

g
y

 

Alignment of partners and 
their positions 

Diagnose unknown 
unknowns 

Implement learning and 
selectionism 

Initial concept formulation 

Expansion through projects 

Cross-project learning and 
strategizing. 

 

Methodology 

The case study centers on the company Gamle Mursten (GM), which cleans and sells old 

bricks from torn-down buildings. As a case for studying the interplay between exploratory 

projects and the ecosystem, GM is particularly interesting, as they are the frontrunners in an 

emergent field. They are the first company in Denmark to market a reused construction 

material and are thus an interesting case of a radical, sustainable innovation. Furthermore, 

since the construction industry is notorious for being rather conservative, changes in the 

ecosystem are often very difficult to implement.  

The value proposition of GM’s innovation is rather simple and understandable (the 

reuse of old bricks in new buildings), which is an adequate condition for a case to draw out 



 

 

general learning. The case study is used as a research strategy to understand the dynamics 

present within single settings (Eisenhardt, 1989). In this case, we wish to understand the 

dynamics between an innovation’s ecosystem and exploratory projects within the setting of a 

radical, sustainable innovation and to generate context-dependent knowledge (Flyvbjerg, 

2006) that contributes to the existing literature on exploratory projects and ecosystems. A 

strength of the single-case study is that it can richly describe the existence of a phenomenon 

(Eisenhardt & Graebner, 2007), and, as an example of a radical, sustainable innovation, we 

find the GM case to be rich regarding both exploration and ecosystems.  

 

Research design 

The case study is based on a mixed methods design (Yin, 2014) including eight in-depth, 

semi-structured interviews (Kvale, 2007) supplemented by a set of reports and documents 

produced by government authorities and professional consultancies on the context of GM. 

These reports are, for example, a life cycle assessment (Møller, Damgaard, & Astrup, 2013), 

a socio-economic analysis (Jordal-Jørgensen, 2016), and an analysis of barriers and 

opportunities (NIRAS, 2015), all of which focus on reused bricks and with GM explicitly 

included as a case or focal point. An overview of the various documents included in the study 

is provided in Appendix A. The interview respondents are representatives of GM and the 

ecosystem associated with GM. Initial interviews with the CEO and head of projects of GM 

combined with selected reports on the socio-economic and socio-political context for reused 

bricks (e.g., Andersen, Larsen, Graasbøll, & Nørby, 2015; Miljøstyrelsen, 2016; Regeringen, 

2014) have founded a preliminary understanding of GM’s challenges and indicated the 

members of the ecosystem. Based on this and subsequent “snowballing” from the first 

interviews, representatives of the ecosystem have been selected for interviews. The list of 

respondents is found in Appendix B. 



 

 

The interviews were all conducted by one of the authors, lasted 45–90 minutes, and 

were either carried out face-to-face or by telephone. The open questions that were asked 

related to the challenges GM had experienced, how and why they had emerged, and what GM 

had done to solve these challenges. The analysis is based on transcripts of the interviews 

together with the selected reports and documents described above.  

 

Analytical approach 

The case study applies the company GM as the innovating unit. Based on the initial 

interviews with representatives of GM as well as with selected documents on for example 

barriers and opportunities of old bricks (NIRAS, 2015), an event-based storyline of GM’s 

development process was constructed. Here, events that had been mentioned as influential for 

GM’s progress in both the interviews and the documents were listed, and actors and activities 

that were mentioned as causing these events were added as connected nodes to the relevant 

events. The storyline was analyzed in order to identify the challenges amongst the mapped 

events. A challenge was defined as an event that significantly hindered or obstructed the 

progress of GM and was connected to one or more external actors. This last criterion was 

included to ensure a focus on ecosystem-related challenges and not just challenges related to, 

for example, internal organizational issues.  

The interviews and documents were revisited with a specific focus on the identified 

challenges in order to identify what or who had caused the challenges, and what or who had 

helped to solve the challenges. A map of the challenges for GM’s progress including the 

connected causes and solutions, and the activities or actors connected to these causes and 

solutions, was constructed and presented to the representatives of GM for verification, which 

led to minor modifications.  



 

 

The next step in the analytical approach was to identify the key bottleneck challenges 

of GM’s ecosystem on the map of challenges; that is, the components that constrain the 

overall performance and alignment of the ecosystem (Adner & Kapoor, 2010; Hannah & 

Eisenhardt, 2018). An initial, basic understanding of the ecosystem of GM was constructed 

based on Adner’s (2017) four elements: activities, partners, positions, and links (see Figure 3 

for a further presentation of the basic ecosystem). The map of challenges was analyzed on the 

basis of this ecosystem in order to identify bottleneck challenges (i.e., which of the 

challenges that constrained the elements of the basic ecosystem). Two of the challenges were 

found to be bottlenecks in this basic ecosystem, whereas other challenges, for example the 

challenge of scaling the production, were not found relevant and thus not included in the 

analysis of the case study.  

To analyze the bottleneck challenges, the detailed ecosystem of GM was identified by 

mapping the activities, actors, positions, and/or links that were mentioned in the interviews or 

documents as connected to the challenges. Furthermore, the solutions or initiatives 

implemented to find solutions mapped in connection with the bottleneck challenges were 

analyzed on the basis of Lenfle’s (2008) five characteristics of an exploratory project (listed 

in the analytical framework in Table 1). Six solutions were found to have the characteristics 

of an exploratory project, whereas other solutions (e.g., the establishment of the full-scale 

brick cleaning facility) were not found to be relevant. Returning to the interviews and 

documents, the solutions characterized as exploratory projects were revisited in order to 

ensure that all elements of the connected ecosystem were included. Finally, a map of the two 

bottleneck challenges with their connected causes and exploratory projects, and the 

ecosystem elements connected to these causes and projects, could be constructed and form 

the basis of the case study analysis.  

 



 

 

Case Study 

Our case study is situated within the Danish construction industry, where the sustainability 

agenda is critically urgent (UN Environment and International Energy Agency, 2017). In 

Denmark, the construction industry is responsible for 40% of material consumption and 

generates one third of the total amount of waste (Advisory Board for cirkulær økonomi, 

2017). There is a significant potential for reusing waste as resources, and since prices of raw 

materials are currently rising (Hildebrandt & Brandi, 2017) there is, in the construction 

industry, an increasing focus from both governments and companies on innovative solutions 

that focus on an optimized use of resources (Pomponi & Moncaster, 2017).  

 

The story of Gamle Mursten 

In 2002, a local entrepreneur from Funen in Denmark developed a technology for cleaning 

old bricks. Denmark is historically a nation of brick buildings, and the rationale behind the 

innovation was that much value could be created by reusing the bricks when old buildings 

were torn down. The patented technology was able to clean off mortar from the bricks via 

vibrations so that no chemicals, water, or hazardous substances remained. The entrepreneur 

was supported by several funds and private investors, but by the time the technology was 

ready for production, all the money had been spent. The sales manager took over the 

technology and in 2003 founded and became the CEO of the company Gamle Mursten (GM; 

in English: Old Bricks). 

For a number of years, the CEO, who had just completed his MBA, visited demolition 

sites and single-handedly cleaned and stacked the old bricks he was able to obtain from torn 

down buildings. He had previously worked in the furniture industry, but slowly he became 

acquainted with the construction and demolition industry and began to realize the complexity 

of entering the market of construction materials: “We are up against a very well-defined 



 

 

market and a well-defined system of supply and demand, procurement, chains of actors, 

organizations and unions” (Interview with GM’s CEO, November 7, 2016). Nonetheless, the 

CEO believed in the value proposition of the old bricks, and as he expressed it: “it is just 

about picking up stones from the ground… I am a country boy; I am used to picking up 

stones from the fields.”  

In 2009, the first large orders of old bricks for renovation work on different buildings 

started to come in, and soon the CEO had to hire more people. In collaboration with the local 

municipality, he hired two employees with wage subsidy. This became the start of the social 

responsibility profile of GM. In 2012, GM formed a partnership with the Social Capital 

Foundation (SCF), who invested in the company, and, in 2015, 16 of the 30 employees were 

for example refugees, vulnerable youngsters, or disabled (Den Sociale Kapitalfond, 2015). 

SCF is a subsidiary of one of Denmark’s largest foundations, and the partnership with SCF 

meant not only financial support for GM but also credibility and recognition. At the same 

time, GM became part of an EU-funded eco-innovation project that resulted in a full-scale 

brick cleaning facility situated outside Copenhagen (European Commission, 2013).  

GM was now an established company on the market for building materials, with staff, 

a production facility, a social profile, and a partnership with a well-connected foundation. 

The purchasers of GM’s old bricks (i.e., architects and building owners) showed great interest 

in the product, as it complied with current trends regarding the renovation of existing 

buildings, retro-aesthetics, and environmentally friendly materials. However, two challenges 

were emerging, complicating the progress of GM.  

 

The challenges 

The first challenge for GM was gaining access to the old bricks. When old buildings are torn 

down, a demolisher sorts the different building materials, discards the toxic parts, and often 



 

 

sells the crushed bricks, concrete, etc. for reuse as filling in roads. Alternatively, the 

demolisher sorts out the bricks and sells them to GM. However, engaging the demolishers in 

such alternative procedures was not an easy task for GM, since the demolishers already had 

well-established, optimized procedures for tearing down buildings and sorting materials, and 

had created decent business models in reselling the demolished materials as road filling. 

Demolishers act in a highly competitive market, where price is the decisive factor: “If we 

raise the price by 0.5%, we do not get the job… We need to be able to make a business, or 

else it becomes volunteerism” (Interview with the CEO of a demolition company, January 11, 

2018). Thus, for GM to gain access to the bricks required not only breaking into well-

established procedures but also a request for more sorting than the regulations prescribe, 

which would cost the demolisher more man-hours. Consequently, the demolishers demanded 

a higher price for delivering the old bricks to GM, a price GM struggled to counterbalance, 

since the building owners were reluctant to pay considerably more for reused bricks 

compared to new ones. Furthermore, the challenge of gaining access was a particularly urgent 

bottleneck issue for GM to solve, since there was no alternative raw material— no old bricks 

means no business 

The other main challenge for GM was to gain proper documentation of the properties 

of the old bricks. Consultants and contractors were requesting information on load-bearing 

capacity, evaporation, durability, etc. in order to make sufficient calculations to match the 

current regulations for buildings. Building owners were requesting documentation of the 

environmental aspects of the reused bricks in order to assess their buildings’ sustainability 

performance. The existing brickworks, together with considerable industry associations, were 

arguing intensively for proper documentation to ensure safe and secure buildings that did not 

contain toxic materials or pose any structural risks. The task of obtaining such documentation 

was complicated by the existing regulations, which did not consider reused materials but 



 

 

primarily contained requirements for newly produced materials. Likewise, the procedures and 

facilities for testing and generating documentation were set up for new materials, which 

further complicated the process of achieving the necessary documentation.  

 

The projects 

As a response to the emerging challenges, GM implemented several projects from 2013 to 

2018. For some of these projects, GM received financial support from the Danish Eco-

Innovation Program, called MUDP, funded by the Ministry of Environment and Food. For 

other projects, the Social Capital Fund (SCF) offered support.  

The first project resulted in a technology for producing light façade panels with 

“slices” of fragmented old bricks that were unfit to be used as whole bricks. The idea was to 

optimize the utilization of the modest amount of bricks that GM was able to acquire.  

The second project focused on the documentation challenge, with the aim of scanning 

the possibilities of obtaining proper and sufficient documentation of the old bricks’ 

performance and properties. During the project, GM realized that the CE (Conformité 

Européenne) mark, which signifies that products have been assessed to meet high safety, 

health, and environmental protection requirements, only applies to newly produced products. 

New bricks are obliged to have a CE marking, and thus the CE mark sets the standard for 

what is expected regarding the documentation of a brick’s properties, regardless of whether 

the brick is new or old. Therefore, GM was facing a massive challenge of attaining a CE 

mark, which would give them the documentation and credibility needed but which was not 

applicable for recycled products, as no standards or specification of methods existed. As 

GM’s head of projects described, they felt “all alone in the world – we have to create 

everything from scratch” (Interview, December 19, 2017).  



 

 

The third project started where the second project ended: at the apparent dead-end of 

trying to achieve a CE marking for the old bricks. Fortunately, GM discovered that an 

alternative, voluntary assessment procedure exists for construction products not covered by a 

harmonized standard. The European Assessment Document (EAD) and the European 

Technical Assessment (ETA) provide information on a product’s performance and offer a 

way for manufacturers to draw up a declaration of performance, with which they can obtain a 

CE marking. In 2017, GM received an ETA, and, in 2018, the old bricks were finally CE 

marked as the first reused building material in Europe.  

In a fourth project, during the process of obtaining a CE marking, GM composed a 

guide for building owners and consultants on how to include the sustainability aspects of the 

reused bricks in the sustainability certificate system for buildings, DGNB, commonly used in 

Denmark. Finally, to complete the portfolio of documentation services, GM produced an 

environmental product declaration (EPD) for their reused bricks. 

The fifth project focused on developing a mobile technology for the on-site sorting of 

old bricks in order for GM to take the cleansing machine to the demolition site instead of 

having the bricks transported from sites all around the country to the cleaning facility outside 

Copenhagen. The aim was, once again, to optimize the chances of gaining access to the old 

bricks by offering increased flexibility and minimizing transportation. This also involved a 

decision to sell the off-site facility. The mobile cleansing machinery would be a way for GM 

to ensure the quality of the bricks, as they themselves would perform some of the cleansing 

tasks normally done by the demolisher.  

Finally, in a sixth project, as yet another piece of the puzzle of gaining sufficient 

access to old bricks, GM is currently in the process of establishing a new partnership with 

several recycling organizations in order to ensure continuous access to old bricks. 



 

 

Since GM’s establishment in 2003, its old bricks have been used in multiple 

buildings, from villas to schools and office buildings. Recently, the company has experienced 

a breakthrough in delivering to larger building projects in the range of 600,000 bricks. The 

company’s revenues are increasing, but there is still some way to go; while there is the 

potential to reuse 47 million bricks a year, GM is currently only able to recycle 3 million 

bricks a year. In particular, the challenge of gaining access to the old bricks is a difficult 

problem to solve. For example, in 2017, GM was desperately short of old red bricks: “There 

are thousands of red brick houses being torn down, but we are not getting our hands on them” 

(Interview with GM’s head of projects, December 19, 2017). Thus, in spite of all the different 

initiatives, the challenge for GM comes down to gaining access to the demolition sites and 

being allowed “to pick up the stones from the ground.” 

The story of GM in terms of the development of the sales of the old bricks, milestones 

events, and the initiated projects is summed up in Figure 2: 

 

 

Figure 2. Timeline of GM’s Contribution to Buildings, Milestone Events, and Initiated 

Projects  

 



 

 

As Figure 2 indicates, the projects have been rather long-term (e.g., the CE mark project) and 

some are still ongoing (e.g., the projects on mobile machinery and on partnerships). When 

asked about the strategy behind the initiation of the six projects, the head of projects said: 

“There are so many factors that makes is difficult to plan a straight road upfront. You have to 

be a little adaptive to move forward… I guess we are quite ad hoc” (Interview, December 19, 

2017). Likewise, the chairman of the board termed their approach “pragmatic” (Interview, 

January 25, 2018). This illustrates that GM has initiated the projects as a response to 

emerging factors or challenges and that the projects have been a way of adapting to an 

unknown and unstable context.  

  

Analysis 

Based on the framework presented in Table 1, the following analysis of the GM case takes 

the bottleneck challenges as the point of departure in order to identify the characteristics and 

strategies related to the ecosystem and the exploratory projects.  

 

Bottleneck challenges 

Bottleneck challenges are components that constrain the overall performance and alignment 

of the ecosystem; they are caused by one or more partners and can be distributed unevenly 

across the ecosystem (Adner & Kapoor, 2010; Hannah & Eisenhardt, 2018). For GM, two 

bottleneck challenges have caused significant complications for the progress of their 

innovation: the challenge of gaining access to the old bricks and the challenge of providing 

sufficient documentation of the old bricks’ performance properties. These challenges have 

acted as bottlenecks by obstructing the progress from raw material to product and from 

product to consumer. At the same time, overcoming the challenge would open up 

considerable opportunities; that is, numerous units of the product and more sales. So, what 



 

 

has caused these bottleneck challenges, and what has GM done to overcome them? Following 

the analytical framework, the analysis turns towards the ecosystem and exploratory projects.  

 

The ecosystem of GM 

The value proposition of GM’s old bricks is rather simple: to avoid waste and depreciation by 

reusing a valuable construction material that brings aesthetics and history into new buildings 

(Den Sociale Kapitalfond, 2015). The basic ecosystem necessary for this value proposition to 

materialize is illustrated in Figure 3.  

 

 

Figure 3. Basic Ecosystem of GM 

 

The activities needed are an input and an output of old bricks. The partners performing these 

activities are a demolisher who hands over the old bricks from torn-down buildings and a 

customer (i.e., either building owners or architects who buy the cleaned old bricks to have 

them incorporated in new or refurbished buildings). The links between the partners are the 

old bricks before and after GM’s cleaning procedure.  

This basic ecosystem is reflected in GM’s own understanding of their value 

proposition. Besides adding historic aesthetics to buildings, the old bricks offer social and 

environmental qualities. Each reused brick saves 0.5 kg CO2 (Møller et al., 2013), and 

potentially 400–800 socially marginalized people can be employed. “Can anyone think this is 

a bad idea?” GM’s CEO asked rhetorically (Interview, November 7, 2016).  

However, it turned out that multiple partners did see the old bricks as a bad idea, or at 

least were critical of the value proposition, causing the two bottleneck challenges to emerge. 



 

 

With the two challenges, several new partners expanded the ecosystem, as illustrated in 

Figure 4.  

 

 

Figure 4. GM’s Bottleneck Challenges and the Associated Ecosystem 

 

The access challenge was related to the demolishers from whom GM buys the old bricks, the 

owners of the old buildings to be torn down, the waste regulations that at present do not 

require the specific sorting of bricks, and the road constructors who buy the crushed materials 

when these are not sold to GM. The documentation challenge was related to the architects 

and building owners, the contractors and consultants, the established brickworks and their 

trade association, and the regulations and test institutions.  

This ecosystem, and with it the bottleneck challenges, was critical for GM to address. 

GM was highly dependent on the demolishers and customers, who accounted for the central 

in- and output activities. However, these critical partners were not equally dependent on 

GM’s old bricks, as the demolishers already had well-established procedures for selling old 

bricks as road filling, and the building owners and architects could buy new bricks that 

looked old from the established brickworks. This imbalance in relationships meant that it was 

essential for GM to solve the bottleneck challenges. However, as an approach for solving the 

bottleneck challenges, GM has not applied a focused strategy of aligning the ecosystem’s 



 

 

partners and their positions, as prescribed by the literature. Instead, they focused on solving 

the bottleneck challenges through a series of projects initiated to explore the problems and 

experiment with solutions.  

 

Exploratory projects 

To find out what was hindering their progress and why, GM initiated six different projects. 

As illustrated in Figure 5, three projects targeted the access challenge and three projects 

targeted the documentation challenge.  

 

 

Figure 5. GM’s Ecosystem, Bottleneck Challenges, and Initiated Projects 

 

In isolation, these six projects might seem to be traditional exploitative projects, each 

initiated with a specific purpose of contributing to the refinement of the main product (i.e., 

the old bricks) and the materialization of its value proposition. However, considering the 

bottleneck challenges and their implications for the alignment of the ecosystem, the six 

projects each have an indirect purpose of solving these two challenges. Seen from this 

perspective, the projects hold several of the characteristics of an exploratory project, which 

include a gradually defined strategy, no customer demand, uncertain objectives, creation of 

new knowledge, and no clear urgency (Lenfle, 2008).  



 

 

The projects are characterized by GM’s “ad hoc” approach and with no fixed strategy 

regarding the collective impact of the projects in terms of solving the bottleneck challenges. 

The three projects targeting the access challenge have not been related to specific customer 

demands but have instead been a result of GM’s own need for exploring how to gain greater 

access to the old bricks. On the other hand, the projects targeting the documentation 

challenge have been a response to demands expressed explicitly by, for example, clients and 

consultants. Viewed as singular projects, the objectives have been very specific; however, 

viewed as projects targeting the bottleneck challenges, which was not GM’s intention with 

the initiation of the projects, the objectives have not been clear. The isolated projects have 

resulted in specific deliverables, such as façade panels, sorting machines, documents, etc., 

whereas targeting the bottleneck challenges, the projects have resulted in new knowledge on 

both the extent of the challenge, the connected ecosystem elements, and the potential effect of 

different solutions. Finally, in terms of temporality, the projects did have a clear urgency, as 

GM initiated the projects in order to meet specific customer demands and to solve the 

bottleneck challenges. Table 2 sums up how GM’s projects corresponds to the characteristics 

of exploratory projects. 

 

  



 

 

Table 2. Correspondence of Characteristics Between GM’s Projects and Lenfle’s (2008) 

Model for Exploratory Projects 

 
 Strategy Demand Objectives Results Temporality 

C
h
a
lle

n
g
e
s
 

Exploratory 
project 

Gradually 
defined 
strategy 

No 
customer 
demand 

Uncertain 
objectives 

Creating 
new 

knowledge 

No clear 
urgency 

A
c
c
e
s
s
  

Façade products √ √ √ √ ÷ 

Mobile machinery √ √ √ √ ÷ 

Partnerships √ √ √ √ ÷ 

D
o
c
u
m

e
n

-

ta
ti
o
n
  

CE mark √ ÷ √ √ ÷ 

EAD / ETA √ ÷ √ √ ÷ 

DGNB / EPD √ ÷ √ √ ÷ 

Legend: √ indicates correspondence between GM’s projects and Lenfle’s model 

÷ indicates discrepancy between GM’s projects and Lenfle’s model 

 

 

In particular, the characteristic regarding hidden urgency, as Lenfle (2008) prescribes, is not 

found in GM’s projects. Quite the contrary, in fact, since GM has indeed been aware that they 

needed to do something to ensure the progress of the innovation. However, what challenges 

they were actually addressing and how the projects could solve those challenges were not 

issues GM has been aware of. That they in practice have addressed the bottleneck challenges 

through exploring different solutions in the project first becomes visible when the case is 

studied through the lens of ecosystems and exploratory projects.  

 

Discussion  

Looking at the story of GM, it becomes clear that the initiation of the different projects has 

been the key to unlocking the bottleneck challenges caused by the ecosystem. GM has 



 

 

pragmatically discovered that something was blocking their way, in terms of both receiving 

and selling their old bricks, and in response they have initiated one project after the other, 

exploitatively refining their innovation. However, through these projects, they have also 

explored the content and extent of their challenges, what was causing these challenges, and 

why.  

This approach of exploring the ecosystem and gradually initiating strategic activities 

with both exploratory and exploitative dimensions in order to improve an innovation’s 

position in an emerging market reflects the approach of multi-project lineage management 

(MPLM) (Maniak & Midler, 2014; Midler, 2013). With the findings from the GM case, we 

thus propose to add the ecosystem as a central element in lineage management.  

In the case of GM, the product was clearly defined upfront and, likewise, the 

customers were well known. However, the resistance of the ecosystem towards GM’s 

innovation was the crucial barrier for the breakthrough of the innovation. Opposite the 

recognized companies studied by Maniak and Midler (2014), who find themselves well 

established in the ecosystem but having difficulties in implementing radical innovation 

strategies, small, innovative companies such as GM are often positioned outside the 

ecosystem. Furthermore, such innovators are often unaware of their ecosystem or are unable 

to identify the elements of the ecosystem because the ecosystem is latent. In mature 

industries, such as the construction industry, the ecosystem is often stable and thus latent, and 

changes occur along existing trajectories (Adner, 2017). The ecosystem only becomes 

apparent when innovations require a change in the configuration of the ecosystem, and then, 

as for GM, the critical elements of the ecosystem are difficult to unveil. In addition, 

innovators with radical innovations often have a profound need for radical changes in an 

existing ecosystem for the innovation’s value proposition to materialize. For GM, their 

innovation required the partners to change their existing activities and, with that, change their 



 

 

relationships and links to other partners. This resulted in the emergence of critical bottleneck 

challenges, as the partners were reluctant to make the necessary changes, severely hindering 

the progress of GM’s innovation. 

 

Table 3. Lineage Management vs. Lineage Ecosystem Management 

 Lineage management Lineage ecosystem management 

C
o
n
te

x
t 

Great uncertainty about the 
potentials of products and markets 

Unknown or latent ecosystem 

Radical changes required in the 
ecosystem 

Bottleneck challenges 

S
tr

a
te

g
y
 Initial concept formulation 

Expansion through projects 

Cross-project learning and 
strategizing 

The purpose of the innovation 

Initiate projects to explore 
ecosystem and identify bottleneck 

challenges  

Cross-project learning locks up the 
bottleneck challenges 

 

Under these conditions, when the ecosystem is unknown or latent, when radical changes in 

the ecosystem are required, and when bottleneck challenges caused by the ecosystem emerge, 

we propose that lineage ecosystem management, as presented in Table 3, is particularly 

relevant. Here, the exploration of the concept, which plays a central role in lineage 

management where it focuses on the formulation of a product brief (Maniak & Midler, 2014) 

as “a large open value proposition that will organize the exploration” (Midler & Silberzahn, 

2008, p. 481), centers on the purpose of the innovation. In the case of GM, the projects were 

organized through a strong overall purpose of reusing bricks, which never changed during 

their journey, regardless of the challenges they had to overcome.  

Based on the concept, an initial understanding of the ecosystem and the bottleneck 

challenges it causes is explored through a series of projects. These projects are primarily 

explorative, in terms of understanding the ecosystem and how and why it is causing the 



 

 

bottleneck challenges, but also exploitative, in terms of refining the innovation’s ability to 

overcome the bottleneck challenges. It is this cross-project learning in terms of knowledge 

and specific deliverables contributes to unlocking the bottleneck challenges and transforming 

the ecosystem. 

The transformation of the ecosystem, due to the implementation of lineage ecosystem 

management, is necessary for a radical, sustainable innovation to break through, since the 

sustainability agenda requires new procedures, new collaborations, and new values in the 

ecosystem. One can question whether GM has transformed their ecosystem, as they have 

mostly adapted their routines so that they fit into the dominating existing procedures of the 

ecosystem. However, particularly with the obtaining of the CE mark, thus verifying that the 

quality of the product corresponds to those already on the market, GM has managed to 

establish themselves in the market for construction materials. This indicates that the 

ecosystem lineage management approach of GM has contributed significantly in generating 

circularity in an otherwise very linear industry.  

 

Answering the research questions: contribution to theory 

Returning to the research questions, the study of GM and the proposed model of lineage 

ecosystem management offers a number of contributions to existing knowledge on 

ecosystems, exploratory projects, and lineage management. 

First, the role of the ecosystem in the breakthrough process of a radical, sustainable 

innovation is addressed. The GM case illustrates the criticality of the ecosystem, as it both 

causes bottleneck challenges for the innovation and is at the same time latent, so the 

opportunities for aligning the ecosystem and unlocking the challenges are hidden. In the 

ecosystems literature, the alignment of partners and their positions, supplemented by the 

identification of bottleneck challenges and finding solutions to these, is emphasized as a 



 

 

strategy for managing ecosystems (Adner, 2017; Adner & Kapoor, 2010; Hannah & 

Eisenhardt, 2018). However, the GM case shows that for radical, sustainable solutions, 

alignment of the ecosystem is not sufficient to ensure breakthrough, both because the latent 

ecosystem complicates the alignment process and because the ecosystem needs 

transformation to comply with the sustainability agenda’s valuation of resources and its 

circular perspective. At the end of the day, an ecosystem is not a stable entity that just exerts 

the power over its members, it also gradually changes through the actor’s behavior. We 

propose that this transformability of the ecosystem can be facilitated through lineage 

ecosystem management.  

Second, we consider how exploratory projects can be a key to transforming 

ecosystems of radical, sustainable innovation. Through the GM case, we find that exploratory 

projects, though not corresponding to all the characteristics of exploratory projects (Lenfle, 

2008) and not strategically initiated as exploratory projects, hold significant potentials for 

transforming the ecosystem and thus supporting the breakthrough of the innovation. This 

favorable, explorative effect occurs due to the lineage of the projects; that they, in sum, 

address the critical challenges of the innovation through the exploration of different lines of 

possible solutions. We thus suggest that exploratory projects can be seen as a continuum of 

projects that individually exhibit different elements of exploratory behaviors. Furthermore, 

we wish to emphasize the essential role of exploration in cases of radical, sustainable 

innovations. The exploratory approach, whether performed strategically and structured or 

pragmatically and ad hoc, supports sustainable innovations’ needs for being reflexive, 

adaptive, and open-ended (Berker, 2010) and further provides an opportunity for generating 

knowledge about the ecosystem that is critical for the breakthrough of the innovation. With 

this, we wish to encourage the community within exploratory projects to further engage in the 



 

 

research of sustainable innovations, as the potentials of contributing to societal change are 

significant.  

Third, we find in the GM case that the exploratory projects and transformation of 

ecosystem have been organized as a special kind of lineage management. Targeting the 

ecosystem and its bottleneck challenges, the projects have become exploratory, and through 

lineage of these exploratory projects the bottleneck challenges have actually been solved and 

the ecosystem has been transformed. The proposed model of lineage ecosystem management 

contributes with a specific approach for radical, sustainable innovations that struggle with 

becoming part of the ecosystem due to a latent ecosystem that is reluctant to change and 

instead causes critical bottleneck challenges. It expands the existing models for multi-project 

lineage management (Maniak & Midler, 2014; Midler, 2013) with a particular focus on the 

contextual conditions of radical, sustainable innovations and proposes that the concept in 

such cases relates to the purpose of the innovation and that lineage of exploratory projects 

contributes to transforming the ecosystem. Here the attention to bottleneck challenges 

impacts the consecutive nature of lineage management, opening up for more paralleled 

projects. 

 

Limitations and future studies 

The validity of the proposed ecosystem lineage management model is limited by the extent of 

the single case study as the empirical foundation for the proposition. Furthermore, the case of 

GM represents a radical, sustainable innovation that is targeting one specific market: 

construction materials. Thus, for further research, we suggest that more cases like GM should 

be studied to further elaborate on the approach of ecosystem lineage management and its 

applicability. Such cases should also include innovations from outside the construction 

industry in order to strengthen a discussion of the role of the institutional context; that is, is it 



 

 

particularly complex to implement innovations in the construction industry or are there other 

characteristics of the context that causes ecosystem lineage management to be relevant and 

useful? In addition, further studies are needed to support a discussion of ecosystem lineage 

management and exploratory projects as vehicles for entrepreneurial breakthrough. GM is 

indeed an entrepreneur, and the entrepreneur perspective is an interesting avenue to follow in 

order to gain a solid understanding of why and how exploration is useful in relation to 

ecosystem management.  

As a theoretical limitation, the study of breakthrough could have been undertaken by 

applying a theoretical frame of institutional theory (e.g. Scott, 1995). This would have 

allowed us to understand the institutional logics that govern the ecosystem and the 

institutional work (e.g. Lawrence, Suddaby, & Leca, 2011) needed to transform industry. 

However, in order to keep the argument simple, we have decided to address the challenges 

from within the project management community, focusing on ecosystems, exploratory 

projects and lineage management. Thus, our findings support further research into how 

projects shape institutions in innovation. With the argument that no project is an island 

(Engwall, 2003), researchers acknowledge how projects are shaped by the institutional 

context. However, we argue that research is needed on how projects (through lineage 

management) challenge and change the institutional context.  

The importance of the context is regularly emphasized in program management 

research and is often described as complex, dynamic, and uncertain (Pellegrinelli, 1997; 

Thiry, 2004). Recently, the literature review of Martinsuo & Hoverfält (2018) highlighted the 

role of context in change program management. They identify several studies, concluding 

that contextual alignment and a context-aware repertoire of management practices are crucial 

for program success. However, most studies fail to connect context-specific management 

approaches to program outcomes. Our study documents a successful practice for managing 



 

 

the context, in the sense that the context (the ecosystem) is the content; that is, the object for 

transformation.  

The multi-project management has in this study been framed around lineage 

management but resembles characteristics central to programs. Programs are a group of 

related projects that contribute to a common, higher order objective (Turner, 2009), which is 

only realized if the projects are managed dependently (Lycett, Rassau, & Danson, 2004). Our 

empirical observations suggest that GM’s exploratory projects are initiated and governed by a 

strong purpose that is not embedded in the individual project but is manifested by the 

overarching value proposition of reusing bricks. Lineage ecosystem management includes 

initiating a series of exploratory projects to achieve an overall purpose, which resembles a 

program management approach. Thus, it seems relevant to study how the concepts of 

exploratory projects and program management can be merged into exploratory program 

management and how this resembles the proposed model of lineage ecosystem management.  

 

Conclusion 

In this paper, we have addressed the challenge of radical, sustainable innovations to break 

through into well established markets. Through the study of the case of reused bricks, the role 

of the ecosystem, as well as how exploratory projects contribute to solving bottleneck 

challenges caused by the ecosystem, has been investigated. The innovation has required a 

transformation of the ecosystem in order to comply with the sustainability agenda’s valuation 

of resources and its circular perspective, and, furthermore, since the ecosystem has been 

latent for the innovating unit, alignment of the ecosystem has not been sufficient to ensure the 

breakthrough of the innovation. In the case, a lineage of exploratory projects has been 

essential to transforming the ecosystem and thereby supporting the breakthrough of the 

innovation. Based on the empirical findings, a model for lineage ecosystem management is 



 

 

proposed with a particular focus on the contextual conditions of radical, sustainable 

innovations, where the ecosystem is a central element that causes critical bottleneck 

challenges. Lineage ecosystem management thus includes a series of exploratory projects that 

contribute to finding solutions to the bottleneck challenges, thereby transforming the 

ecosystem and its ability to support radical, sustainable innovations. 
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Appendix A: Documents and reports included in the case study 

Author Title* Year Type 

Ministry of Environment 
and Energy 

Cleaner technology in the bricks 
and mortar industry 

2000 Project report 

Ministry of Environment LCA of reused bricks 2013 Project report 

Ministry of Environment Statistics for waste 2012 Statistical report 

Ministry of Environment Projection of generation and 
treatment of waste 

2015 Project report 

Transport and 
Construction Agency 

Barriers and opportunities for 
reused bricks 

2015 Governmental report 

Ministry of Environment 
and Food 

Socio-economic analysis of reused 
bricks 

2016 Project report 

Ministry of Environment 
and Food 

Development and test of old bricks 
shell product on insulation batts 

2016 Project report 

Ministry of Environment 
and Food 

Reuse of Old Bricks 2018 Project report 

The Danish Government Denmark without waste 2013 Governmental strategy 

The Danish Government The road to a strengthened 
construction industry in Denmark 

2014 Governmental strategy 

NIRAS Carbon footprint analysis of 
selected building materials  

2009 Consultancy report 

Gamle Mursten Old Bricks – With soul and history N/A Product brochure 

Gamle Mursten Old Bricks – With soul, history and 
reflection 

N/A Product brochure 

ETA Danmark European Technical Assessment 
ETA-17/0648 of 23/08/2017 

2017 Technical report 

EDP Danmark EPD MD-16007-DA 2017 Technical report 

* Translated from Danish by the authors of this paper 

  

 

  



 

 

Appendix B: List of respondents 

 Date Company / organization Job title / Function 

1 07/11/2016 Gamle Mursten CEO 

2 19/12/2017 Gamle Mursten Head of Projects 

3 08/01/2018 Association of Contractors Director 

4 11/01/2018 Demolisher CEO 

5 11/01/2018 Ministry of Environment Senior Policy Advisor 

6 19/01/2018 Association of Brickworks CEO 

7 25/01/2018 Gamle Mursten Chairman of the Board 

8 01/02/2018 Research Centre for Reuse 
of Building Materials  

Secretariat Director 
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The construction industry stands before an extensive and essential transition towards 

sustainability; however, the configuration of the innovation processes that lead to 

such transition is unclear. In this paper, the concept of murmuration, i.e. the collective 

behaviour of starlings, is introduced as a metaphor for sustainable innovation 

processes in construction. The murmuration metaphor captures the flowing, ever-

changing non-structure that characterises innovation processes within sustainable 

construction. This conceptual hypothesis is based on an empirical observation, and the 

potentials of the metaphor are explored at two interdisciplinary workshops with actors 

from the Danish construction industry. The empirical validation shows that the 

murmuration metaphor can generate a useful framework for understanding and 

discussing sustainable innovation processes in construction. Furthermore, 

murmuration can be a fruitful addition to the understanding of the societal transition 

towards sustainability as an elaboration of the niche-to-regime processes emphasised 

in the Multi-Level Perspective.  

Keywords: innovation; metaphor; murmuration; sustainable transition. 

INTRODUCTION 

The transition towards a sustainable construction industry has received a growing 

interest during the past years (O’Neill & Gibbs 2014; Nykamp 2017; Martiskainen & 

Kivimaa 2017), and globally, innovations to support and accelerate such a transition 

are highly in demand (UN Environment and International Energy Agency 2017). Still, 

the configuration of the innovation processes that lead to the sustainable transition is 

unclear and much literature calls for further research that can lead to a more profound 

understanding of innovation processes in sustainable construction. 

An important strand of literature is based on the Multi-Level Perspective (MLP) as an 

analytical framework for studying sustainable transitions (for an overview, see e.g. 

Lachman 2013). The MLP argues that sociotechnical transitions come about through 

interacting processes within and between the incumbent regime, radical niche-

innovations and the sociotechnical landscape (Rip & Kemp 1998; Geels 2002). 

Through the years, the MLP has received extensive criticism regarding, for example, 
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its undervaluing of agency (Smith et al. 2005) and the simplified conceptualisation of 

the levels and their roles in the transition process (Berkhout et al. 2004). We particular 

notice the critique by Smith (2007) that the approach gives insufficient consideration 

to the processes by which niches and regimes interact and are interdependent. 

In the wake of this criticism, fruitful debates have emerged, leading to clarifications 

and elaborations on e.g. politics and power (Grin 2010) and agency (Fuenfschilling & 

Truffer 2016). Still, the MLP framework does not offer an operational understanding 

of the innovation processes that support the sustainable transition. With this paper, we 

wish to gain a better understanding of the dynamics and mechanisms of sustainable 

innovation processes that emerge from niche experimentation and lead to changes in 

the socio-technical regime, thus inducing the transition towards a more sustainable 

construction industry. In other words and with reference to the illustrative 

representation of the MLP (see figure 1 for a simplified version), we wish to study and 

discuss 'what happens in the arrows?'. 

 

Figure 1: The Multi-Level Perspective. Adapted from Schot & Geels (2008, p.546) 

The paper is structured as follows. First, the general characteristics of innovation 

processes within sustainable construction are introduced. Then, based on an empirical 

observation, a metaphor is introduced as an illustrative device for comprehending the 

profoundness of innovation processes within sustainable construction. The findings 

from an empirical validation are presented, followed by a discussion of implications 

for practice and theory. Finally, the conclusion sums up and offers recommendations 

for further research.   

Innovation in sustainable construction 

As a starting point, we present a brief overview of the current understanding of 

innovation processes in sustainable construction, and highlight the research avenues 

suggested by the literature.  

Innovation processes in general are complex and characterised as chaotic and 

unpredictable (Cheng & Van de Ven 1996). The construction industry constitutes a 

loosely coupled context (Dubois & Gadde 2002) for innovation activities that are 

characterised as “messy, complex and dynamic” (Harty 2008, p.1038). Innovation in 

construction involves alterations, parallel and overlapping activity flows, setbacks etc. 

(Winch 1998; Slaughter 1998). Implementation often takes place in projects, and so 

innovation processes are collaborative engagements and a product of networks of 

actors (Harty 2008; Bygballe & Ingemansson 2014). 

Focusing on sustainable innovations, extended usage is necessary to provide long-

term benefits and create value for users, organisations, and society (Den Ouden 2012). 

The sustainability agenda includes a very broad range of issues to address and thus 
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sustainable innovations have to be reflexive, adaptive, aware of its consequences and 

therefore open-ended (Berker 2010). The extensiveness of the agenda, the 

requirements for flexible and open-ended solutions, and the loosely coupled context 

including involvement of multiple actors are factors that all contribute to the fact that 

sustainable innovation in construction is a highly uncertain and extremely complex 

process. 

This outline of innovation processes in sustainable construction is widely known and 

acknowledged in academia as well as in practice. However, the characteristics are not 

very precise nor particular operational – yes, the process is highly complex and 

uncertain, but how to navigate in such context? Is there a way to gain a more cohesive 

understanding of the processes, so that practices and strategies can be designed to 

support more sustainable construction? This request for at a more profound 

understanding of the processes that actually take place in practice – 'what happens in 

the arrows' – is mirrored in the literature on innovation and sustainable transitions in 

construction. For example, authors call for recognition of the complexity of the 

processes (Gibbs & O’Neill 2015), suggest more attention to the relations between the 

actors involved in innovation (Dubois & Gadde 2002; Bygballe & Ingemansson 

2014), and requests wider debates on the nature of innovation (Harty 2008).  

We are highly motivated by this unclear, however sought-after, understanding of the 

profoundness of innovation processes in sustainable construction, and have based our 

research on the aim of generating a platform for new insights into this field.  

An empirical observation 

In our work with studying and clarifying the substance of innovation processes in 

sustainable construction, we have been inspired by an empirical observation made at a 

green building conference in Copenhagen. Here, a recognised Norwegian architect 

was asked to describe the process, she had been a part of, of designing and 

constructing a highly sustainable state-of-the-art building. The best way to describe 

this process of actors entering and leaving the project, continuously adding knowledge 

and value to the project, she said, was as a flock of birds, and she showed an image of 

a murmuration.  

 

Figure 2: Tine Hegli, Snøhetta, presenting on Building Green 2015 

This image and its narrative made a great impact on us. First, because it originates 

from a practical experience of working with innovation processes in an actual 

sustainable construction project. And second, because the content of the image, the 

flock of birds, represent a flowing, ever-changing movement that we sense has 

something to offer to our search for a better and more comprehensive understanding 

of what actually happens when innovation takes place in sustainable construction.  



MURMURATION AS METAPHOR 

We propose that murmuration, i.e. the collective movement of starlings, is a useful 

metaphor for innovation processes in sustainable construction. Before discussing how 

murmuration can contribute to the understanding of innovation processes, we 

introduce the concept of metaphors; what is a metaphor and what can it do? 

Metaphors 

A metaphor is an illustrative device (Alvesson 2002) that offers a new awareness 

(Brown 1976) and “extends horizons of insight and creates new possibilities” (Morgan 

1986, p.341). A metaphor is able to illuminate aspects of a system and shadow others, 

thus creating meaning and understanding of complex situations. A metaphor is not to 

be taken literally, as it then will appear absurd (Brown 1976), instead there should be 

an appropriate mix of similarity and difference between the metaphor and what it 

represents (Alvesson 2002).  

A particular type of metaphors is called Generative Metaphors (Schön 1993). Such 

metaphors generate seeing rather than describing a situation. Schön exemplifies a 

generative metaphor with the story of the development of artificial paintbrushes, 

where researchers struggled to transfer the qualities of natural paintbrushes until one 

researcher pointed out that a paintbrush is a kind of pump. Using the metaphor, i.e. 

seeing the paintbrush as a pump, helped the researchers to better understand both their 

unit of analysis (the paintbrush) and the challenges they were facing (how to create a 

new paintbrush with the same functionality as the old one). We are interested in this 

type of metaphor to improve our seeing and understanding of innovation processes, 

and thus to contribute to solving the challenge of supporting the transition towards a 

more sustainable construction industry. 

Schön (1993) discusses two interesting aspects of the generative metaphor that are 

useful to include in our case. First, he points out that adding normative dualism such 

as nature/artifice or health/decease to a metaphor helps to see a complex, uncertain 

and indeterminate situation differently, and to encourage in what direction to move. 

Second, he describes the life cycle of the making of a generative metaphor in four 

steps: (1) A notice or a feeling that A and B (e.g. the paintbrush and the pump) are 

similar, but without clarity on similarity with respect to what. (2) Description of 

relations of elements and the start of an analogy between A and B. (3) Construction of 

a general model where a modified version of A can generate understanding of a 

modified version B. (4) Once a generative metaphor is constructed (i.e. in this context, 

A can be seen as B) then similarities and differences between A and B can be explored 

and reflected upon. A final notion here is that, in line with Brown (1976), generative 

metaphors are not literal, which is what actually makes them useful; it is precisely 

because paintbrushes are not literally pumps that it can be beneficial to see them as 

pumps.  

We are currently approaching step two in our development of murmuration as a 

generative metaphor for innovation processes in sustainable construction. Like the 

Norwegian architect, we too intuitively feel that the flying flock of starlings and the 

innovation processes are somewhat similar and wish to unfold the metaphor to see 

what insights it generates. The murmuration metaphor captures the flowing, ever-

changing non-structure that characterises many of the innovation processes within 

sustainable construction that we previously have been studying. Further, it matches 

the characteristics of innovation processes in sustainable construction described in the 
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literature. Our next step, and what we will focus on in this paper, is to describe the 

relations of elements and generate an analogy between murmuration and innovation 

processes in sustainable construction. We start by exploring what murmuration 

actually is.  

Murmuration 

Murmuration is the collective behaviour of starlings (King & Sumpter 2012), where 

thousands of birds, shortly before sunset, perform impressive aerial manoeuvres 

before choosing a place to roost for the night (Ballerini, Cabibbo, Candelier, Cavagna, 

Cisbani, Giardina, Orlandi, et al. 2008). The main goal of a murmuration is to 

maintain cohesion of the group when pressured for survival; the larger group you are 

in, the better the chance someone else will get eaten if a predator attacks – a behaviour 

also known as the selfish herd (King & Sumpter 2012). Even though the group is 

exposed to a high degree of uncertainty regarding the behaviour of each bird as well 

as disturbances from the environment, they are able to maintain cohesion and 

coherence due to simple, local interactions among the individual birds (Young et al. 

2013). Each bird keep a minimum distance from each other comparable to their 

wingspan as to avoid collisions. Furthermore, studies have shown that each bird 

interacts with a fixed number of neighbours (on average six to seven), rather than with 

all neighbours within a fixed distance (Ballerini, Cabibbo, Candelier, Cavagna, 

Cisbani, Giardina, Lecomte, et al. 2008). The number of interacting neighbours is 

independent of the number of birds within a flock or the flock density (Bialek et al. 

2012). It is shown, that interaction with this fixed number of six or seven neighbours 

optimises the balance between group cohesiveness and individual effort (Young et al. 

2013).  

Couzin et al. (2005) have studied movement decisions and leadership in travelling 

groups of animals. They found that in many cases, only few individuals in a group 

have pertinent information, such as knowledge about the location of food or the 

migration route, and only a very small proportion of informed individuals is required 

to achieve great accuracy. Informed individuals do not have to be able to recognise 

each other, and leadership can emerge as a function of information differences among 

the group members, and is therefore transferable. No inherent differences between 

individuals, e.g. dominance due to larger body size, need to be invoked to explain 

leadership. 

To sum up, murmuration occurs as a way for the group of starlings to sustain, offering 

both protection from predators and guidance towards food. Each bird interacts with its 

six to seven neighbours, thus balancing between increasing the group cohesiveness 

and reducing its own individual effort. The leaders of the group are not necessarily the 

biggest or the strongest birds, only a few leaders are needed, and the leadership can 

shift position as other birds become better informed.  

Innovation processes as murmuration 

Seeing innovation processes within sustainable construction as murmuration offers an 

understanding of the dynamics that take place and that all together influence and 

change the regime to become more sustainable. We see that innovation can emerge 

from all sources. There is not one leader and it is not necessarily the strongest or 

largest company, and not necessarily a company within the construction industry, that 

can develop a radical innovation with potential for changing the regime. For such an 

innovation to rise from the niche level, enter the regime and make a transformative 

impact, it must be supported by other actors. A lonesome bird will most likely be 



eaten, but together in a murmuration, the birds can survive. This dependency on other 

supporting birds or actors also means that an innovation can travel from one actor to 

its neighbours. Furthermore, several innovations can occur in the murmuration at the 

same time, and as they travel from actor to actor or project to project, the innovations 

can meet and interact. Such innovation interactions can be divergent or complimentary 

and thus hold the potential of generating new, improved information and with that 

influence the motion of the entire flock.  

The leader of the formation is the one with the newest and best information, and by 

following the leading bird, others gain both better protection and potentially new 

information, and thus the opportunity of becoming the new leader. This group 

mechanism or collective behaviour is essential in a murmuration, and it makes sense 

that the same balance between group cohesiveness and individual effort is the key to 

secure a sustainable transition of the construction industry. However, as the 

construction industry is characterised by a highly divided value chain and significant 

internal competition, this collective behaviour is seldom performed in practice. 

Perhaps this is one of the answers to the omnipresent critique of the productivity and 

innovation rate of the construction industry – and perhaps an avenue that requires 

much more focus from both researchers, governments and practitioners.  

 

Figure 3: Murmuration and migration 

In contrast to murmuration, we find migration (see figure 3). This normative dualism, 

as Schön (1993) called it, adds further aspects to the murmuration metaphor. The 

migration formation is highly structured, well proven and very effective for reaching 

the intended destination. This could resemble a traditional, linear stage-gate managed 

project. It is an optimised process, but only when the target is known and the 

destination has been visited so many times before that it comes to lie inherently in the 

actors involved. When the target is unknown, when all we know is that we need to do 

something radical to secure our survival, we need a different formation that allows for 

creativity and changeability. The murmuration formation might not seem optimised, 

but it offers an ever-changing non-structure that enables the reflexive, adaptive and 

flexible innovations needed to support the transition towards a more sustainable 

construction industry.  

Empirical validation  

To explore the potential of murmuration as a metaphor for innovation processes, and 

to validate its applicability and relevance in practice, we have conducted two 

workshops with practitioners from the Danish construction industry. Each workshop 

were performed in cooperation with a professional network facilitation organisation. 

One workshops was held with a network focusing on innovation in construction, and 

the other with a network on sustainable construction. At each workshop, 10-12 

practitioners participated, representing client organisations, architects, engineers, 

consultants, and IT/BIM specialists. The participants held positions at different levels 



185 

 

in their organisations, spanning from project managers over department leaders to 

CEOs. Overall, a broad and diverse selection of practitioners who at large represent 

the stakeholders usually involved in innovation projects in sustainable construction.  

The workshops were divided in two main sections. First, a presentation by one of the 

present authors, including an outline of the current knowledge on innovation processes 

in sustainable construction, and an introduction to the concept of murmuration and 

how it can be a metaphor for innovation processes. Second, a loosely facilitated 

discussion between the participants and the presenter. By ‘loosely facilitated’, we 

mean that only a few questions were asked initially to allow the discussion to flow as 

freely as possible, as the aim of the workshops was to validate the applicability of the 

metaphor in practice, and see in which directions the metaphor could take the 

practitioners. The questions asked were “How can we support innovation processes in 

sustainable building” and “Should we identify ‘rules’ for a murmuration process and 

support innovation based on these, or should we structure the process, make order and 

secure a focused progress (migration)”. The discussions of the two workshops were 

recorded, transcribed and interpreted by the authors.  

The discussions at both workshops primarily circulated around three topics. One topic 

was diversity, where the practitioners argued that the numerous actors involved in the 

construction industry is actually a gift as diversity inspires for creativity. Furthermore, 

‘knowing the flock’ can be an advantage in innovation projects compared to 

constantly being part of new constellations. A second topic was leadership with 

emphasis on the point that everyone can be a leader or a driver of the development, 

and that a leader must allow himself to follow his instincts. A third topic discussed 

was the contrasts between murmuration and migration. In migration, the practitioners 

argued, there is only one leader, which entails a fatal risk of derailment – what if that 

one leader has forgotten or misunderstood the road to the final destination? Another 

argument was that murmuration is a way of creating space for creativity; however, 

many people feel more confident with linear thinking. Finally, it was argued that 

perhaps the right way to organise the transition towards a sustainable construction 

industry involves both formations: murmuration as the way of finding the destination, 

and migration as the way of reaching it. 

FINDINGS FOR PRACTICE AND THEORY 

The workshops showed that the murmuration metaphor offers an illustrative language 

for understanding and discussing innovation processes. The practitioners intuitively 

grasped the metaphor and used linguistic references to Murmuration to elaborate on 

the challenges and possibilities within innovation and sustainable construction, for 

example when talking about 'leader instincts' or 'the flock'. Based on the discussions, 

we found that the murmuration metaphor generates new thoughts and understandings 

regarding: (1) Why is sustainable innovation difficult to perform in practice? (2) How 

can innovation processes be organised or managed? (3) How can the sustainable 

transition of the construction industry be supported?  

The first question, why sustainable innovation is difficult to perform in practice, 

relates to the practitioners' discussions on linear thinking and leadership. Innovation as 

murmuration requires iterative and diverting processes, involvement of multiple 

actors, fruitful clashes of knowledge, and shifting leaderships. However, many people 

and organisations are accustomed to and comfortable with linear thinking, and prefer 

innovation projects where roles and tasks are clearly defined, and where the progress 

is systematically planned and led. Furthermore, the phase-divided construction 



process, where design is followed by planning, followed by construction and 

maintenance, is a poor fit for iterations, change of leadership etc. Thus, both the 

personal, the organisational and the industry's tradition for linear thinking is 

complicating the performance of murmuration-like innovation processes. 

The murmuration metaphor also generated insights into how innovation processes can 

be organised or managed. However difficult and untraditional it might seem, there are 

positive examples of how murmuration processes can take place in practice. Returning 

to the Norwegian architect who introduced the image of the birds, she represented a 

successful, innovative, sustainable construction project where a murmuration-like 

process had enrichened the project. The key aspect in that case was the formation of 

an alliance, a group of interdisciplinary companies including architects, engineers, 

contractors, suppliers, researchers etc., where extraordinary interactions across 

traditional disciplines and phase boundaries were accumulated in order to design and 

construct an innovative, sustainable building. Such alliances, where murmuration is 

not only possible but also encouraged, utilise the diversity of the construction industry 

and the opportunity of 'knowing the flock', as highlighted at the workshops. 

Finally, the murmuration metaphor shed new light on how the sustainable transition of 

the construction industry be can supported. Connecting to the MLP, the Murmuration 

metaphor generates an illustrative description of the collective movement of 

innovation niches that potentially can influence and change the existing industry. 

Seeing the niche processes as murmuration generates an understanding of the dynamic 

and arbitrary aspects of such processes, emphasising that even though the movements 

seem chaotic and time-consuming, there is an underlying logic in that myriad of niche 

activities that in the end, and with the right support, potentially can accelerate the 

transition process. The murmuration understanding challenges and supplements the 

traditional migration approach found in many policies that tend to focus on 

implementing disciplined systems such as, for example, sustainable certification 

schemes. This linear, migration-like approach is unquestionable useful and valuable; 

however, there might be a noticeable gain by implementing strategies that encourage 

both migration and murmuration processes. As the workshop practitioners said, 

murmuration can be a tool for finding the destination, and migration is for reaching it.  

CONCLUSION 

The purpose of this paper was to gain a better understanding of the sustainable 

innovation processes that lead to a transition of the construction industry. Inspired by 

an empirical observation, we have unfolded the potential of applying murmuration, 

i.e. the collective movement of starlings, as a generative metaphor for understanding 

innovation processes in sustainable construction. Introducing the metaphor to 

construction practitioners at two interdisciplinary workshops showed that seeing 

innovation processes as murmuration generates new understandings and fruitful 

discussions on why innovation in sustainable construction is difficult and how it can 

be done in practice. Furthermore, the Murmuration metaphor contributes to the MLP 

framework by illustrating the dynamic interactions that take place in and between 

niches in the movement towards sustainable transitions.  

We realise that the murmuration metaphor is a new and rather creative addition to the 

fields of innovation and transition research. However, murmuration is not only an 

idealistic approach; it can be performed in practice. Having said that, we want to make 

it clear that the metaphor should not be used literally, and we further acknowledge that 

it does not - yet - provide a precise formula on how to organise and manage 
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innovation activities. Further research on the configuration of innovation processes is 

needed in order to clarify the theoretical aspects of how innovations take place and 

particular how niche innovations interact and collectively influence the transition of a 

regime. In addition, we call for further studies of successful innovation projects within 

sustainable construction to understand how innovation processes can be organised and 

managed in practice, and thus add further operational aspects to the murmuration 

metaphor. The murmuration metaphor is only at its infancy, and much more 

unfolding, elaboration and coupling to empirical cases is needed to create a solid 

contribution to existing knowledge. Still, we sense a significant potential for 

murmuration to open up discussions and to generate a holistic and fruitful language 

for both practitioners and researchers to support and accelerate the sustainable 

transition of the construction industry. 
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The construction industry is currently facing the challenge of a sustainable transi-

tion – an extensive process that require significant organizational and procedural 

changes to address the strong path dependency and aversions to change found 

in the construction industry. This thesis investigates innovation processes within 

sustainable construction with an aim of generating a more profound understand-

ing of the configuration of such processes. Based on a number of case studies of 

sustainable innovations within construction, the thesis proposes a murmuration 

perspective. A murmuration is the biological term for the collective movement of 

starlings, and applying this metaphor to innovation processes in sustainable con-

struction generates a cohesive understanding of how such processes take place in 

practice. The research contributes to theory and practice with novel insights on in-

novation processes, and with a language for discussing how innovation processes 

in sustainable construction can be supported.
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