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Abstract

:

Environmental sustainability is an increasingly relevant aspect of urban living labs. The objective of this study is to examine an urban living lab through ecosystem approach lenses and reveal the actor activities and diverse flows between them, enabling sustainable urban development. The study examines an urban area through four living lab projects in the Hiedanranta district in Tampere in Finland. We apply a qualitative research design strategy including semi-structured interviews reinforced with the project reports and websites. The collaboration and co-creation nature of living labs resembles an ecosystem structure, as both include diverse complementary actors and have distinctive coordination mechanisms, shared goals, and system-level outcomes. Building on the ecosystem analogy and circular economy ecosystem typology, our study examines living labs as ecosystems, enabling the economic value flow, material flow, and knowledge flow and pursuing the shared goal of improved environmental sustainability. The findings of the study demonstrate how the different ecosystem types manifest in urban living labs, and the actors, flows, and outcomes in these ecosystems. The study concludes that urban sustainability-oriented living labs comprise all main types of circular economy ecosystems. The dominant type of the activities (biased to economic value, material, or knowledge) determines the ecosystem type in an urban living lab, highlighting a key topic for future research: The contribution of collaborative projects to environmental sustainability in urban living labs realized through diverse ecosystem types.
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1. Introduction


The interest in and significance of environmental sustainability has been growing globally due to the increased awareness of the effects of climate change on natural habitats [1]. Such global developments draw attention to the need for more resource-efficient and regenerative systems, which can be experimented with and tested in a living lab environment [2,3].



Living labs are one of the most recent forms of open innovation networks, providing multiple research opportunities [4,5]. Living labs scrutinize multiple disciplines and concepts such as the transition to low-carbon economies, experimental governance, and new approaches to sustainable development [6,7]. A living lab emphasizes the roles of user involvement, prototyping, testing, and validating in the creation of new technologies, services, products, or systems in real-life settings [8]. Living labs adopt an experimentation approach and involve public–private–people partnerships in the co-creation process [9]. Living labs are distinguished from other open-innovation approaches by allowing users to improve the technologies that are being co-created and tested with other stakeholders in real-life environments [10]. A living lab consists of a physical region or virtual realities where the actual collaboration among stakeholders takes place [4].



This paper particularly examines urban living labs for environmental sustainability and circular economy. An urban living lab is a living lab formed in an urban area [2], including different stakeholders such as companies, researchers, authorities, users, and residents who develop solutions for existing problems in an urban area. The use of the living lab concept for the development of urban areas enables rapid social, technical, and economic transformation [6]. In the context of urban living labs, city districts that are under development are seen as innovation spaces where new applications are tested on a large scale [11]. Urban living labs are increasingly applied for environmental sustainability and circular economy, and they aim to regenerate neighborhoods, support circular companies, enable tenders for circular experimentation, and allow decentralized waste recovery systems to be tested [12]. Acknowledging [13,14], we define circular economy as a restorative and generative economic system, which aims to maintain the value of products, materials, and resources by reducing, reusing, recycling, and recovering materials in production/distribution and consumption processes. As the term sustainability includes the pillars of economic, environmental, and social development and refers to maintaining performances of these three pillars over time, circular economy concept contributes to sustainability with an emphasis on the economic and environmental benefits [15].



In this paper, we argue that an urban living lab for environmental sustainability and circular economy can be considered as a multi-actor ecosystem: The ecosystem conceptualization has been applied increasingly during the last decade [16] to refer to diverse complex multi-actor settings. An ecosystem conceptualization can be considered both as a theoretical concept (e.g., business ecosystem; innovation ecosystem) and more loosely, as a metaphor referring to a broad system of multiple actors. The collaboration and co-creation processes in living labs resemble the ecosystems, as both have distinctive coordination mechanisms, shared goals, system-level outcomes, and network conceptualizations [17]. Acknowledging Aarikka-Stenroos et al. [18] and Thomas and Autio [17], this study applies the ecosystem concept, referring to a heterogeneous community, a system of actors that are hierarchically independent and have diverse roles and a system-level goal or outcome. In this paper, we examine sustainable urban living labs as particular circular economy ecosystems [18]. Such ecosystems focus on resource circularity, circular economy knowledge, or circular economy business and business models as their shared goal and system-level outcome. The value network of an urban living lab ecosystem generates value through dynamic exchanges between various stakeholders, and these exchanges can be mapped as different value flows [19,20].



The extant urban living lab literature focuses on the sustainable urban living lab projects [2], the networked nature of living labs [21], the governance of the urban sustainability transitions [22], and the diversity of living labs and their actors [10,11]. However, studies on urban living labs as ecosystems focusing on environmental sustainability are nascent. Therefore, the objective of this study is to analyze ecosystem types in an urban living lab and their actors, flows, and outcomes regarding environmental sustainability. Our research questions are twofold:




	
What are the circular economy ecosystem types in urban living labs?



	
What are the actors, flows, and outcomes in urban living labs as urban circular economy ecosystems, contributing to environmental sustainability?








In this study, we generate a new understanding on urban living labs as we study how they function as a circular economy ecosystem: Collaborations in urban living labs, often actualized via projects, create an ecosystem in which the actors work towards the particular goal of the ecosystem (such as material flow). Actors’ collaborations in a particular project often concern the same topic (such as nutrient recycling). Thus, an urban living lab contains several parallel ecosystems, in which multiple projects take place. In the identified urban living lab ecosystems, the dominant type of the project activities determines the ecosystem type that a project belongs to. The project activities include knowledge flows, material flows, and economic value flows, which result in the description of the corresponding ecosystem type in the urban living lab. We integrate the ecosystem approach into sustainability and circularity [18], as our study complements this conceptual discussion by providing an empirical in-depth analysis of circular economy ecosystems actualized in living lab settings. Our study showcases how diverse actors from companies, the city, universities, and users/residents and flows in sustainable urban living labs constitute circular economy ecosystems.



This paper is structured as follows. Following this introduction, we discuss the actors in urban living labs and the circular economy ecosystems to elaborate on the current understanding. In the third section, we present the research design of the study. In the fourth section, we present the circular economy ecosystem types in the Hiedanranta urban living lab and the results of the study. The fifth section concludes the paper and synthesizes the results, which includes the theoretical contribution, practical implications, and the limitations and future research topics respectively.




2. Urban Living Labs for Environmental Sustainability and Circular Economy


2.1. Actors and Activities in Urban Living Labs


Urban living labs comprise various actors that take part in the practice-based innovation activities in an urban area, tackling varying urban challenges. These actors are categorized mainly as municipalities, companies, research institutes, and residents [11]. Another approach to classifying the living lab actors points out the actors’ roles and goals of participating in the living lab and uses the following categorizations, respectively: Enablers, utilizers, providers, and users, which is in line with the action-based role theory [9,10]. Action-based role theory explains the actor roles through their actions: An actor takes a role to achieve a specific goal. The roles act as a means to organize innovation in networks, and to assess the resource and partner selection when conducting the tasks that are associated with the roles [10]. Therefore, to some extent, the roles describe the contribution and commitment of the actors to specific goals in the urban living lab.



The enabling characteristics of municipalities indicate the supportive nature of the public sector actors and their role in creating a vision and spreading and communicating the vision to other actors in the urban living lab. This “enables” the emergence of innovations for urban challenges. The companies in urban living labs improve their knowledge capital through collaborations while continuing the development of their business operations in the area, which demonstrates the utilization of collaborations for the company’s benefit. Therefore, one of the motives for a company to participate in an urban living lab is to gain a competitive advantage through information retrieval from other actors, especially users [9]. The research institutes and universities bring up the methods, tools, expertise, and additional resources that they offer for the development. The long-term research projects conducted in the urban living labs make it possible to generate reliable knowledge. Lastly, residents, as the essential actors of the urban living labs, use and test the solutions that are developed and provide their feedback for further improvements [11,23]. Although each actor type is introduced with specific roles, these roles might change over time as they are context-specific and depend on the innovation network’s needs and goals [10,24].



2.1.1. Municipalities


Cities are innovation spaces and areas for urban living labs where various opportunities can emerge that accelerate sustainability and environmental transitions [25]. The experiments that take place in cities can be scaled up to generate broad systemic change [26], and municipalities, as enablers, are the prominent actors in the local sustainability governance [22]. Municipalities adopt the experimental governance approach in urban living labs, which emphasizes knowledge generation and innovation development through open and engaged learning [6]. Municipalities are embedded in local networks, partnerships, and collaborations, and seek the expertise of public and private actors to implement local policies [27].




2.1.2. Residents


As one of the crucial actors of open-innovation in urban contexts, residents as users have the potential to influence the decision making in urban governance and positively affect the urban development and their living environments [28]. Residents play a direct role in designing and developing innovations to address sustainability challenges [22]. Including residents already in the early design stage of the urban living labs helps identify the user needs that would shape the development process [29]. In some cases, the residents in urban living labs are not necessarily involved as users. The solutions that are developed might not have a use for a resident, but instead may serve the resident, as in the case of nature-based solutions that are developed to manage the stormwater for flood prevention [30].




2.1.3. Companies


Companies in an urban living lab drive the transition to a low-carbon economy and sustainable living by engaging in the development of innovative solutions [6]. Some of the solutions that enable sustainable living include renewable energy production; urban farming; the utilization of nutrient, energy, and material flows; and the utilization of side streams from the production activities. By undertaking these tasks, companies tackle various urban issues such as poor air and water quality or waste disposal problems. The primary goals of companies in urban living labs include economic performance improvements while reducing the environmental impact of their operations [6]. Developing and testing products and services with other actors are the additional motives for companies to take part in urban living labs. While performing these activities, companies utilize the user data that are easily accessible due to the open-innovation approach that the urban living labs adopt, which provides open and engaged learning [24]. Companies seek agile actions and rapid results in living labs to apply strategies according to their business goals. Although urban living labs mainly serve the objectives of municipalities, it is still beneficial for companies to participate in an urban living lab, in terms of making use of the information and knowledge created in a collaborative setting [9,24]. Moreover, tackling urban challenges with proven innovative products and services might be of use in the value proposition for business prospects.




2.1.4. Research Organizations


Urban living labs provide the opportunity for cross-disciplinary research, which enhance ties between the creators and users of the generated knowledge [6]. Urban living labs act as a basis for theory development, knowledge creation, and the discovery of new teaching and research methods, which can be argued to be the roles of the research organizations in urban living labs [9]. Research organizations are responsible for generating objective knowledge of scientific practice in urban living labs to influence policies. The outcome of the research activities might have the potential to influence urban development policies in areas of sustainable infrastructure design or material procurement strategies [25]. The researchers may act as consultants when opinions are needed on technical decisions such as the selection of monitoring equipment and its location [6]. Commercialization of the solutions as a result of the research projects can be sought to upscale the impact. However, the local knowledge production does not always find its way to creating a widespread impact, as there might be misalignment between scientists and policymakers due to the organizational differences [6,31]. One of the reasons for the misalignment is the lack of an established standard and protocol for data storage and incorporation of this data into decision-making processes. This holds important implications as science and policy are interconnected in urban sustainability [6].





2.2. Circular Economy Ecosystems in Urban Living Labs


In this paper, we examine urban living labs as circular economy ecosystems. Three flow types in circular economy ecosystems are identified, namely ecosystems that address economic value flow, material flow, and knowledge flow [18]. In this paper, we will examine how they are present in urban living labs. First, economic value flow-based ecosystems focus on the sustainable production of goods and services. This type of ecosystem typically consists of a central hub actor that coordinates other actors for the system-level outcome of a sustainable value proposition; in other words, here the ecosystem actors contribute to creating business and flow of money from diverse resources. Next, material flow-based ecosystems describe efficient resource flow and resource circularity in a regional system, in which recycling and reuse are the fundamental actions [32]. In this type of ecosystem, administrative actors and physical infrastructure play an important role. Material flow-based ecosystems enable the local resource flow through industrial or public-private collaborations; in brief, the actors can for example enable recycling of an important resource. Last, knowledge flow-based ecosystems reveal the transformation of the knowledge derived from research into sustainable products and services through the open processes of R&D and innovation [33]. Here the actors jointly develop new knowledge on diverse circulating resources.



One archetype of circular economy ecosystem, namely urban circular economy ecosystems (such as urban living labs), supports urban amenities, promotes societal activities, develops and improves infrastructure, and produces goods and services [18]. The actors in such ecosystems take part in various projects that are in line with the goal of the ecosystem (to enable material flow, knowledge flow, or monetary/economic value flow). The projects in the ecosystems act as a vehicle for actors to pursue sustainable urban development [34]. Policy, governance, culture, and individual and collective behavior are the driving factors for determining the adoption levels of sustainability in urban ecosystems [35]. Figure 1 below illustrates how the projects and ecosystems are positioned in an urban living lab. An urban living lab consists of three types of ecosystem, and in each ecosystem, there are multiple ongoing projects.





3. Research Design


This study is a qualitative and explorative single case study in a developing city district, namely Hiedanranta urban living lab in Tampere, Finland. Hiedanranta is a work-in-progress lakeside urban district where 25,000 residents are expected to reside in the upcoming years. Along with its new residents, 10,000 new jobs will be created as part of the development activities in the area. The objective of the municipality is to build a smart and sustainable future city district in Hiedanranta that produces more resources than it consumes. Some of the development activities in Hiedanranta include utilizing smart technology in the infrastructure, planning of the transportation solutions, construction of the new residential buildings with the aim of improving the services and everyday life of residents. The city district experiments with circular economy by having a biochar production plant, vertical farming facility, dry toilets in the event venue, and an algae growing plant in the area. The urban area includes various research projects, business activities, and citizen participation in the development of the district. Thus, this purposefully selected area provides a strategic case to study sustainable urban living lab, its diverse actors, flows, and goals related to improving sustainability and circularity.



The case study is carried out in the period of January 2019–December 2020. It contains four projects (KIEPPI, NutriCity, Hierakka, and UNaLab) occurring in Hiedanranta district, which engage diverse actors to collaborate for circularity. The unit of analysis is the design, implementation, and evaluation phases of the projects along with the actors and activities in these phases. The projects concern specific sustainability and circularity related themes and goals (such as improving nutrient recycling) that require actors to collaborate for the economic value flow, material flow, or knowledge flow. We selected the projects based on their high impact on environmental sustainability. The case study is constructed based on extensive data from multiple sources, including nine semi-structured interviews conducted by the author, longitudinal observation, the websites of the companies and the municipality that provide information about the ongoing research projects in the district, and the project reports. We recorded and transcribed the interviews. We conducted interviews with the managers of the urban living lab firms, city development project managers from the municipality, and researchers who are involved in the projects that take place in the urban living lab. The key informants are selected based on their key responsibilities in the selected projects, companies, and the municipality, having an impact on the sustainable development of Hiedanranta. The details of the interviews are listed in Table 1 below.



At the analysis stage, the design, implementation, and evaluation phases of the projects, the driving actors in each phase, their activity sets, and the type of flows were identified. Data analysis phases are listed in Table 2 in more detail.




4. Ecosystem Types and Flows in Hiedanranta Urban Living Lab and Its Projects


4.1. Economic Value Flow and Related Ecosystem in Urban Living Labs: Project on Developing a Partnership Model for Environmentally Sustainable Neighborhoods


We analyzed an economic value flow and related ecosystem in an urban living lab by examining the Kestävien Kaupunginosien Kumppanuusmalli (KIEPPI) project that aims to create a partnership model for sustainable neighborhoods in the three cities in Finland. Hiedanranta district in the city of Tampere is one of the focus areas in the project where the urban areas are increasingly redesigned according to sustainability and circular economy principles. Tampere municipality coordinated the project and the European Union funded it. The funding mechanism and the partnership model support the creation of carbon-neutral technologies, services, or innovations in cooperation with companies, research organizations, and municipalities. Apart from the solutions related to the utilization of waste and side streams, the municipality as the driving actor of the project seeks solutions for four identified themes: Premises and services for the circular economy, material circulation, urban food production, and the improvement of blue-green infrastructure in the city district to improve the wellbeing of future residents. In our analysis, we focus on the project activities that deal with the Hiedanranta development.



The municipality’s inclusive efforts are in line with the experimental governance approach that the urban living labs adopt, as the municipality encourages action through partnerships and facilitates stakeholders to collaborate. According to the project manager, the municipality has never taken such a role in the development of a certain urban area before, which is Hiedanranta area in this case. The city currently faces many new challenges relating to urban planning, co-creation, and cooperation models for the Hiedanranta development. The municipality allocates resources to the sustainable development of Hiedanranta and maintains resources for this specific purpose. In order to accelerate the development and to make it more structured, the municipality has launched a company that works independently and manages the urban planning and construction of the infrastructure and park areas in Hiedanranta. The development company is solely responsible for the development of Hiedanranta. Therefore, the innovation activities in the Hiedanranta development depend highly on the external actors, and the city acts as a bureaucratic actor rather than an innovative actor. The project manager highlights that the external actors mainly consist of companies and research institutes, and that the citizen involvement in this project is minimal. The project focuses on reducing waste and increasing resource efficiency in industrial procurement and applications where the citizens do not have a major impact.



The municipality offers the Hiedanranta area to companies and research organizations to perform their activities and introduce novel ideas and solutions that would develop Hiedanranta as a self-sufficient city district. The anticipated involvement level is highest for the companies and lowest for the residents. It is underlined by the project manager that incentives, such as different types of subsidies or lower rents offered to companies and research organizations, might be needed to attract them to take part in Hiedanranta. In the case of infrastructure procurement, the municipality has a huge role in creating sustainable business opportunities, as it is one of the biggest buyers of infrastructure materials. If the municipality starts demanding more sustainable infrastructure services, the whole industry would have to change, which would enable a shift from linear business models to circular business models. Eventually, this might also lead to the emergence of companies that value the use of recycled or reused materials.



In the design phase of the project, the municipality identified three development themes. The City of Tampere partners with an expert consulting firm to develop the partnership model and to identify the methods that will be used to attract companies and research organizations to the area. The expert consulting firm has complete control over designing the partnership model. Once the model is created, three partner cities of the project will jointly utilize the model. Recently, the municipality initiated a tendering process to invite suppliers or contractors to conduct the pilot projects. The tender aims to attract startups since the budget for pilots is relatively low for large companies. However, larger companies might still have an interest in the pilots due to the anticipated growth in the city district area. The city uses the tendering process as a means to test out the companies’ motivation to cooperate with the city and participate in the partnership model. One downside of the tendering process is that it only allows the companies that are based in Finland to submit an offer, which restricts the participation of interested innovators from other countries that might be capable of accomplishing the goal of the development of Hiedanranta. However, the project manager highlights that the main goal is the creation of the partnership model and discovery of the innovations and technologies rather than pilots per se. In the evaluation phase of the project, scaling up the results to the city level and exporting the partnership model to other cities as a concept will be pursued. Figure 2 below illustrates the project phases, driving actors, activity sets, and the activity flow types.



The goal of the project is not the pilots but the creation of the partnership model as it also shows in the budget. Pilots are there to test out the partnership model and to test out the businesses’ cooperation with the city. Also, to discover what kind of innovations and technologies the companies already have at hand (Project manager of KIEPPI Tampere).




4.2. Material Flow and Related Ecosystem in Urban Living Labs: Projects on Nutrient Recycling in Hiedanranta Urban Living Lab


Next, we analyze the material flow and related ecosystems in an urban living lab by focusing on the relevant material flows, namely nutrients. The Hiedanranta district aims to be a carbon-neutral and sustainable urban area where nutrient recycling is crucial. In line with this goal, several projects have been initiated in the area in cooperation with research organizations and companies, which are discussed next. The projects have a top-down approach as there is a push from the European Union and the Ministry of the Environment in Finland to enhance nutrient recycling for the improvement of the environment and water bodies.



NutriCity project aims to reduce the amount of nutrient leakage into the Baltic Sea by recycling human waste nutrients through alternative sanitation solutions such as dry and vacuum toilet systems. The Ministry of the Environment of Finland funded the project, and the City of Tampere implemented it together with Tampere University of Applied Sciences (TAMK) and The Finnish Environment Institute (SYKE). The goal of the project is to recover nutrients such as phosphorus and nitrogen from the human waste fractions through dehydration and produce fertilizers. Based on the results of the NutriCity project, an operating model for resource and energy-efficient management and utilization of nutrients containing wastewater fractions in cities will be created. The project manager of NutriCity represents the municipality and university and has a dual role in the project as she is part of both organizations, therefore bringing the technical knowledge into the municipality. According to the project manager, in Tampere, there is a strong cluster of research in the use of alternative sanitation systems such as dry and vacuum toilets. The same actors from the cluster are usually involved in the projects associated with nutrient recycling. The project manager points out that although there is pressure from authorities to recycle nutrients for more sustainable food production, major players in the food industry in Finland are unwilling to use grains that are produced with fertilizers made from wastewater sludge due to the risks of contaminants. Therefore, in practice, the low acceptance of the fertilizers made from recycled nutrients is a bottleneck in their market creation. This brings up the question of whether authorities, companies, and researchers should come up with new strategies and solutions that would make such products accepted while ensuring that there are no risks to health and the environment. In all the nutrient recycling projects, the municipality offers the event venue Kuivaamo to be used for research purposes. The dry toilet systems in the event venue that were implemented by the dry toilet company make it possible to collect urine for conducting studies on its properties and suitability for use as fertilizers. The dry toilet company acts as an equipment supplier in the area. In the project, residents have both the roles of informant and tester, as they can test the dry toilets located in Hiedanranta and provide their feedback through an online survey that seeks resident opinions on utilizing alternative toilet solutions for urban nutrient cycles.



There is a top-down pressure from the European Union and the Ministry of Environment of Finland to enhance nutrient recycling, and there’s also funding for that from those resources. Cities are consumption hubs, there are lots of nutrients concentrated here (Project manager of NutriCity).



Another nutrient recycling project, Hierakka (Promoting nutrient cycle and participatory communication in Hiedanranta), was a one year-project that started in 2017 and ended in 2018. The Ministry of the Environment of Finland funded the project and the City of Tampere implemented it together with Tampere University of Applied Sciences. The study determined the properties of separately collected urine, such as nutrient and harmful metal concentrations, drug and contaminant residues, and microbiological quality. The study also investigated the possible effects of urine fertilizers on the soil’s physical properties such as acidity and organic matter content. The results of the study acted as a means to convince authorities, the food industry, and farmers of the functionality of urine as a fertilizer and to change the attitude towards the use of urine fertilizers. The project focused on similar issues as the NutriCity project and used the same resources such as dry toilets in Hiedanranta and the funding source. The urine collected from the Hiedanranta dry toilets was tested as fertilizer in agricultural fields and in the vertical farming company located in Hiedanranta. The company offered its premises to the researchers for testing the effectiveness of the urine fertilizers on crops. In the project, local farmers had the tester role who tested urine fertilizers and saw their positive effect after harvesting in the late phase of the growing season. Figure 3 below illustrates the project phases, driving actors, activity sets, and the activity flow types.



In some very populous countries, there are no phosphorous reserves. These countries are solely dependent on imported phosphorous. So, to feed people in the future, every means of recycling is important, if we think of it in a broader manner. In the urine separation and in these methods of nutrient recovery from different media, we are not talking about today’s situation, but we consider how things will be in 50 years or 100 years. That’s where I think it’s a necessity, to recover all the sources possible (Project manager of Hierakka).




4.3. Knowledge Flow and Related Ecosystem in Urban Living Labs: Project on Developing Nature-Based Solutions


Last, we analyze a knowledge flow and related ecosystem in an urban living lab setting by outlining the collaborative setting for knowledge creation, particularly in nature-based solutions. Climate change induces the need for such solutions in urban areas as it will affect the Nordics by bringing more rain. Since the greenfield lands in cities are diminishing due to the newly built roads and houses because of densifying population, there is a risk of a reduction in the water infiltration capacity and loss of biodiversity. These issues emphasize the importance of nature-based solutions in urban areas. UNaLab is a European Union-funded project that aims to implement nature-based solutions to tackle climate- and water-related challenges in the urban areas of three frontrunner cities: Tampere, Eindhoven, and Genoa. Tampere, as one of the frontrunner cities in the project, has two locations for the implementation of the pilots, which are the city districts of Hiedanranta and Vuores. The objectives of the project are to develop the monitoring and impact of nature-based solutions, to develop business models around the nature-based solutions, and to engage people to co-create multi-functional nature-based solutions that work as parks and recreational areas for the residents. In our analysis, we will investigate the pilots in these two city districts where UnaLab Tampere deals with the water issues as part of the nature-based solutions.



The project has the same manager as the NutriCity project, who represents the City of Tampere in the activities and events organized by the UNaLab consortium. The consortium consists of 28 partners from 10 cities, including municipalities, research organizations, and businesses. One of the solutions implemented in the Hiedanranta area is the biofilter for the contaminated waters caused by the nearby old pulp landfill. The system has been designed together with experts and the residents of the surrounding areas. The biochar company in Hiedanranta acted as a material provider by supplying the biochar to be used as biofilter. The projects in Vuores work as a benchmark for the Hiedanranta development. In the other city district, Vuores central, a hybrid stormwater management system (medium-sized retention pond) was built to retain and purify the stormwater. Automatic measurements monitor water quality and flow throughout the year. The residents acted as an informant, tester, and designer in the project and shared their need for easy accessibility to forests and walking paths. The residents also took part in the design workshops and contributed to the ideation process together with the city officials. The project used innovation vouchers to build a horse paddock and community gardens in apartment buildings to attract more people to develop solutions together with the city. Figure 4 below illustrates the project phases, driving actors, activity sets, and the activity flow types.



We have a stormwater sewage network that is leading directly from the streets to lakes without treatment. And there is flooding in few spots of the city. And now the new thinking is that we should increase green areas instead of leading all the waters to the pipes, we should increase the multifunctional blue-green infrastructure in the city, like parks where there are streams that can hold the stormwater. The co-creation in living labs has to be well thought in terms of what is the contribution of citizens, how do we take people to co-create these things with us, and how the co-creation can be honest and fruitful (Project manager of UNaLab Tampere).




4.4. Summing Up and Discussing the Results


Our case study analyzed sustainable urban living labs as circular economy ecosystems and examined relevant ecosystem actors and their activities around the flows of materials, knowledge and economic value, and outcomes of these ecosystems regarding environmental sustainability. Our analysis leads to multiple key findings.



First, our study shows how the sustainable urban living labs promote knowledge, material, and economic value flows between actors and how they advance sustainable practices in the city district. Our case study in Hiedanranta showcases how economic value, material flow, and knowledge flow-based ecosystems occur in an urban living lab for sustainability. The economic value flow-based ecosystem includes companies that perform carbon-neutral business activities, which results in sustainable products. The municipality provides resources for companies that have material circulation and sharing practices for waste utilization. Therefore, in economic value-flow based ecosystems in urban living labs, the municipality seemed to act as a coordinator to bring together the companies that promote the economic-value flow.



Material-flow based ecosystems inherently recover nutrients from biowaste or household waste fractions that have the potential to be utilized as fertilizers. The material-flow aspect emphasizes the circulation of the materials that can be recycled, such as the cycle of the household waste being converted to fertilizers. In this type of ecosystem, research institutes and universities facilitated the experiments for circulating the materials.



The knowledge flow-based ecosystem develops nature-based solutions with the inclusion of residents and preserves nature by purifying the stormwater that might otherwise contaminate the water bodies, thus contributing to the environmental sustainability of the urban area while benefiting from resident participation and feedback. The knowledge flows among the residents, researchers, and the municipality to develop the stormwater management systems through participant feedback. In all three ecosystems, the municipality promotes the sustainability mentality in all activities. Table 3 lists the actors, flows, and outcomes in ecosystems in the Hiedanranta urban living lab.



Second, the number of research projects, the number of active companies in the living lab, their size and scope, and the municipality’s open mindset to try novel applications in the city district play a major role when determining the impact and level of contribution of a certain actor type to the development and sustainability of an urban living lab.



Third, in urban living lab ecosystems realized through projects, the driving actors may change in the project development phases depending on the required tasks and the competence and expertise level of the set of actors. When reflecting on the ecosystem approach, the finding underlines that actors setting and actors’ role in urban living lab ecosystems are rather dynamic. In all the projects examined in the study, the municipality facilitates the development by engaging other actors such as technical experts, companies, residents, and researchers. This indicates a strong involvement of the municipality in the local sustainability governance: thus, it holds a strong role in the ecosystems for circularity in local environments. As our case demonstrated, Hiedanranta urban living lab and involved actors pursue similar objectives as other European urban living labs [12], which are regenerating neighborhoods, supporting circular companies, enabling tenders for circular experimentation, and allowing decentralized waste recovery systems to be tested.





5. Conclusions


5.1. Theoretical Contributions and Practical Implications


Our key results stemming from the empirical in-depth case study on sustainable urban living labs as circular economy ecosystems generated multiple contributions. First, this study contributes to the urban living lab literature by discussing and analyzing the urban living labs as diverse ecosystem structures in the development of a sustainable city district. It showcases how living lab contributors as ecosystem actors collaborate around diverse flows of economic value, knowledge, and material resources, sharing the system-level goals, and thereby aiming to improve environmental sustainability as a collective action. Their diverse activities and activity sets demonstrate how they have complementary and dynamic roles in reaching such a shared goal. To put this differently, this study generated a new understanding of how urban living labs function as a circular economy ecosystem.



Our study reveals that urban living lab projects under the same theme (such as nutrient recycling) create an ecosystem in which the actors work towards the particular goal of the ecosystem (such as material flow) that is aligned with its theme. Thus, an urban living lab contains several ecosystems in which multiple projects take place to serve the goal of that particular ecosystem. Thus, our study extends the literature of living labs that have discussed ecosystems [37] as well as their knowledge, competencies, and materials within boundaries of living labs [38], but as far as we know, has not yet documented the multiplicity of ecosystems actively and simultaneously, or their flows in a single living lab(s).



Secondly, this study continues the emerging analysis of diverse multi-actor collaborations for circular economy and sustainability [18]. This empirical case study depicted and validated how the three major ecosystem types (ecosystems for economic value, knowledge, and material flow) may occur in urban living labs, often in parallel. Living labs have suggested generating and enhancing diverse outcomes [38]. Given that different ecosystem types and flows exist simultaneously, a living lab possesses and fosters diverse types of outcomes in each ecosystem.



Our third contribution is that our results build a bridge between living lab and ecosystem approaches. Both concepts include and engage multiple, diverse, complementary actors working towards a shared goal. Thus, we argue that living labs serve as platforms that nurture and foster the emergence and development of multi-actor ecosystems, engage diverse stakeholders and actors into collaboration, and thereby, bring together diverse needs of and contributions by different stakeholders. Our empirical study allows us to propose that sustainable urban living labs as platforms enable collaborations around flows and tie together the diverse actors and their interlinked actions towards their own and system level, shared goals. As suggested by [25], this study seeks further conceptualizations of the essence of living labs by implementing ecosystem and related flows as novel theoretical lenses.



Further, we identified that same actors act simultaneously in different ecosystems (e.g., companies can contribute not only to the flow of economic value but also to material and knowledge flow). Such findings expand the findings by [10], who suggested that stakeholders may have multiple roles in living labs. This study suggests that living labs and particularly living lab platforms make the diversity of ecosystems visible. They foster collaboration in and between ecosystems. Therefore, urban living labs for sustainability are a fruitful context for researchers examining material, knowledge, and economic value ecosystems that exist in parallel.



This study also develops several practical implications. First, we believe that our study can guide urban living labs development in practice as it demonstrates how ecosystem approach provides new lenses to consider collaborations, actor diversity as well as individual and system level goals, and thereby provides also new aspects to living lab management. Therefore, we encourage experts developing sustainable living labs to consider these aspects (e.g., displayed in Table 3), when initiating and managing collaborations for sustainable urban living labs. Second, to achieve favorable results in city development projects, the dwellers of a city district who practice sustainable living, businesses that contribute to circular economy, research organizations, and municipalities as governing bodies are suggested to collaborate and cooperate. As the initiator of the urban living lab, municipalities are encouraged to attract businesses and create new jobs based on the ideology of the circular economy. Third, the needs of the inhabitants of the district should be considered while testing and co-creating with them, and the sustainability aspect should be emphasized. For a city district that is planned to be carbon-neutral, it is crucial to note that in the process of urban growth, the flow of materials should circulate as closed and resource-efficient as possible. Fourth, a living lab platform provides the opportunity for small-scale testing of the circulating resources (such as nutrient recycling in this case) with the cooperation of municipalities, researchers, users, and companies. In order to increase the sustainability of a living lab, pilots can be run where one company’s side stream can be the raw material and resource of another.




5.2. Limitations and Future Research Topics


This study focused on one urban living lab in a Nordic country, including multiple parallel projects, revealing the diversity of ecosystems in an urban living lab. As our focus of analysis was limited to durations of such projects in a single living lab, a more longitudinal analysis may widen our understanding of analyzing urban living labs. Acknowledging that living lab literature is scarce in longitudinal analysis of living labs [24], we suggest that further research could longitudinally analyze living labs crossing ecosystems. Our study suggests a diversity of flows in ecosystems as a glue that couples living labs and their underlying ecosystems. Further analysis of the roles for the development of living lab in ecosystems or the roles for the development of ecosystems in living lab would shed light on their concepts. Third, technological advance drives and limits the development of sustainable circular processes in urban living labs; thereby, future studies could focus even more on the role(s) of stakeholders to overcome such limits of circular process development. Finally, our study suggests further studies and conceptualizations of the identified flows in urban living labs and particularly of how such flows support innovation activities and/or outcomes of living labs and their ecosystems.
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Figure 1. Sustainability-oriented urban living lab for improving economic value, material, and knowledge flows through projects. 
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Figure 2. Driving actors and activity sets in Project Kestävien Kaupunginosien Kumppanuusmalli (KIEPPI) Tampere. 
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Figure 3. Driving actors and activity sets in nutrient recycling projects. 
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Figure 4. Driving actors and activity sets in Project UNaLab Tampere. 
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Table 1. Interviews.






Table 1. Interviews.





	Actor Type
	Role
	Theme
	Date
	Duration





	Municipality/Researcher
	Project Manager (Urban planning/Nutrient recycling)
	Ongoing nutrient recycling projects in the city associated with the development of the region
	21 March 2019
	45 min



	Municipality
	Project Manager (Urban planning)
	Stakeholder engagement in the city development
	12 April 2019
	52 min



	Municipality
	Project Manager (Urban planning)
	Ongoing development on the partnership model for sustainable neighborhoods
	2 April 2020
	64 min



	Researcher
	Project Manager (Nutrient recycling)
	Research on dry toilets and utilization of nutrients from urine
	27 March 2019
	55 min



	Researcher
	Project Manager (Nutrient recycling)
	Research in microalgae plant and using nutrients for microalgae growth
	4 April 2019
	25 min



	Company
	General Manager
	Nutrient recycling activities in the vertical farming facility in the area
	2 April 2019
	53 min



	Company
	General Manager
	Information about the biochar company and its operations
	17 May 2018
	44 min



	Company
	General Manager
	Information about the dry toilet company and its operations
	23 May 2018
	23 min



	Association
	Project Manager
	Benefits of dry toilets for nutrient recycling and required policy and infrastructure changes for their adoption
	10 April 2019
	60 min
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Table 2. Data analysis process.
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	Data Analysis Phases
	Task
	Outcome





	1. Open coding
	
	
Dataset organization



	
Identifying the urban living lab projects that focus on environmental sustainability



	
Identifying the informants from the projects to be interviewed





	Overview of urban living lab projects and the informants that are associated with the projects [10,36]



	2. Focused coding #1
	
	
Identifying the project phases



	
Identifying the ecosystems that the projects are involved in



	
Identifying the involved actors in the project phases





	Overview of project phases, the involved actors in each phase, and the urban living lab ecosystems [18]



	3. Focused coding #2
	
	
Identifying the activity sets and the type of flows in the design, implementation, and evaluation phases of the projects





	Overview of the activity sets and the type of flow that a specific activity belongs to



	4. Theorizing the codes
	
	
Synthesizing phases 1 to 3: analyzing the contribution of the projects to the urban development and environmental sustainability



	
Describing the actors, flows, and outcomes in urban living lab ecosystems





	Conceptualization of the ecosystems in urban living labs and their comparison with the literature
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Table 3. The actors, flows, and outcomes in ecosystems in Hiedanranta urban living lab.
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	Economic Value Flow-Based Ecosystem (Example: KIEPPI)
	Material Flow-Based Ecosystem (Example: Nutrient Recycling Projects)
	Knowledge Flow-Based Ecosystem (Example: UnaLab)





	Actors
	
	-

	
European Union




	-

	
Municipality




	-

	
Companies




	-

	
Consulting firm






	
	-

	
Municipality




	-

	
Ministry of the Environment




	-

	
Research institutes and universities




	-

	
Farmers




	-

	
Residents




	-

	
Equipment suppliers






	
	-

	
European Union




	-

	
Municipality




	-

	
Companies




	-

	
Consulting firm




	-

	
Research institute




	-

	
Residents




	-

	
Material suppliers









	Flows
	
	-

	
Designing how city can create a market demand for products and services in line with circular economy principles




	-

	
Identifying specific themes for the pilots




	-

	
Initiating a tendering process to invite suppliers to conduct the pilot projects




	-

	
Evaluating the economic and environmental viability of the pilots




	-

	
Cooperation and co-design of the project activities with the city stakeholders






	
	-

	
Regulators supervise the legislation, for example in this case for fertilizer use




	-

	
Municipality enables and allows implementing the novel technological solutions, e.g., the facility use for the dry toilets




	-

	
The company, such as equipment provider, supplies technological solutions; in this case e.g., dry toilets for the collection of urine and service provider processes the waste




	-

	
Actors together enable and ensure the recycling of critical resources: Urine sample to be converted to fertilizer is taken from the residents through dry toilets located in the event venue Kuivaamo




	-

	
Actors together improve the methods and processes available. Treatment and management of urine using various methods to reduce its volume while increasing its concentration




	-

	
Researchers together with farmers and companies run tests on the properties of urine and evaluate its suitability of use as fertilizer






	
	-

	
Municipality and residents share information on the preferences, needs, and problems of everyday life




	-

	
Research institute, consulting firm, and the municipality develop the plan for the implementation of nature-based solutions in urban areas




	-

	
Material suppliers provide required materials to be used in stormwater management systems




	-

	
Research institute monitors the water quality and flow




	-

	
Municipality and residents monitor the impact of nature-based solutions through workshops









	Outcomes
	Improving the economic value and business from the location-specific resource in a sustainable way, e.g., creating a partnership model for sustainable neighborhoods
	Improving circularity of important resources in the location, e.g., recycling nutrients from wastewater and residential waste
	Creating and disseminating new knowledge and solutions for sustainable environment, e.g., developing nature-based solutions such as stormwater management systems



	Ecosystem goals
	Sustainable production and flow of economic value
	Efficient resource flow and resource circularity in a regional system
	Transformation of the knowledge derived from research into sustainable products and services
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