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An ambidextrous approach to sustainable urbanization: managing exploration and 

exploitation in smart city innovation 

 

D. Van Den Buuse, W. Van Winden, and W. Schrama 

 

Abstract 

The potential of technological innovation to address a wide range of urban sustainability issues has been 

widely acknowledged over the last decade. Digital technologies allow city governments to adopt more 

evidence-based and anticipatory ways of managing urban systems and processes, while simultaneously 

reducing their ecological footprint. Across cities globally, local governments have engaged in a variety of 

partnership arrangements with the private sector, in which they seek to balance public and private 

interests. Such partnerships have been instrumental in initiating pilot projects for urban innovation, and 

are typically co-funded by local, national, or European subsidies. This reflect the growing ambition of 

governments on all levels to support the utilization of digital technologies for urban development. A key 

challenge for city governments related to the economic and environmental impact on urban development 

of experimentation in pilot projects, is the lack of upscaling of proven digital technologies once 

subsidization for pilot projects end. However, in the private sector, a number of (multi)national firms have 

been effective in scaling up digital technologies for urban development in recent years, thereby facilitating 

the wider dissemination of these technologies in society. Drawing on the business and management 

literature, we introduce the concept of organizational ambidexterity to provide a novel theoretical 

perspective on technological innovation for sustainable urban development. We examine how firms 

balance alignment and adaptability of activities related to exploration (i.e. test and experiment with digital 

technologies, products, platforms, and services) and exploitation (i.e. reaping the financial benefits from 

digital technologies by bringing products, platforms, and services to the market), rooted in the literature 

on smart cities. Our analysis highlights how different types of urban stakeholders can adopt a more 

balanced approach to managing experimentation (i.e. exploration) and upscaling (i.e. exploitation). By 

framing the limited dissemination of digital technologies beyond pilot projects as an ambidexterity 

problem faced by city governments, our paper identifies opportunities to  move from experimentation to 

upscaling, embedded in the wider context of addressing persistent sustainability issues in urban 

environments.  

  



2 
 

1. Introduction 

At the intersection of sustainable urban development and technological innovation, the concept of smart 

cities has increasingly become an ubiquitous phenomenon on a global scale. Over the last decade, city 

governments have started to invest in smart city programs and pilot projects to leverage opportunities 

provided by digital technologies, in order to address a broad array of urban problems which have been in 

existence for decades, in areas such as energy, mobility, water, and waste management. Digital 

technologies hold the promise of improving urban services for businesses and citizens, and can reduce 

costs by stimulating resource-efficiency across various urban domains. Sensors, data and smart algorithms 

open up novel opportunities to improve urban services, ranging from tracking and anticipating 

movements (e.g. in mobility and congestion) to improving resource-efficiency (e.g. in managing energy, 

water, and waste flows), and facilitate city governments in managing urban systems and processes in  

more evidence-based and anticipatory ways. As urban populations will grow expansively over the next 

few decades (UN, 2014), Information and Communication Technology (ICT) will increasingly become more 

important to address urban sustainability challenges (EC, 2014). This is reflected by the long-term 

urbanization prospect of the United Nations (UN 2014, 18), which identifies that “successful sustainable 

urbanization requires competent, responsive and accountable governments charged with the 

management of cities and urban expansion, as well appropriate use of information and communication 

technologies for more efficient service delivery”. 

In the approach of city governments to address urban sustainability challenges, experimentation 

has become a central theme (Evans and Karvonen, 2010; Marvin et al., 2018; Sengers et al., 2018). This 

has led to the widespread emergence of smart city programs and pilot projects (Van Winden et al., 2016), 

as well as experimentation-oriented concepts such as urban living labs and urban transition labs (Bulkeley 

and McCormick, 2018; Marvin et al., 2018). Across many European cities, city governments have initiated  

smart city programs and pilot projects, in which different types of urban stakeholders are collaboratively 

working on addressing urban sustainability issues, often incorporating digital technologies. Such 

collaborative arrangements, which are typically co-funded by local, national, or European subsidies, 

reflect the growing ambition of governments on all levels to support the utilization of digital technologies 

to drive sustainable urbanization. While (donor-funded or subsidized) experimentation with digital 

technologies has become widespread across cities globally, their wider implementation beyond pilot 

projects through upscaling has remained rather problematic (Latre et al., 2016; Van Winden and Van den 

Buuse, 2017).  

For international technology firms, upscaling smart city solutions seems less of a problem. They 

have increasingly tapped into the growing global market for smart city technologies (Van den Buuse and 

Kolk, 2019), which has an estimated size of approximately US$1.5 trillion by 2020 (Deloitte, 2015; Zanella, 

2014). Firms such as IBM, Cisco, Schneider Electric, Google, Siemens, and Philips have started to develop, 

test, and market a variety of solutions based on digital technologies for cities (e.g. products, services, 

platforms, and systems). The role of firms in smart cities in has been critically assessed in relation to 

promoting an overly technology-centric approach to urban development (Joss et al., 2017). However, 

cities may learn from  their ability  to moving from experimentation in pilot projects to scaling up validated 

products, platforms, and systems, and increase the wider economic and environmental impact of digital 
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technologies of sustainable urban development. While city governments struggle with the wider 

dissemination of proven technologies beyond an experimental phase, it appears that these firms have 

internalized the knowledge, resources, and capabilities to both experiment and scale up digital 

technologies for urban development. To what extent can cities learn from larger technology firms how to 

scale? By establishing more insight in the ability of firms to balance alignment and adaptability of activities 

in moving from a technology development phase (in which the firm tests and experiments products, 

platforms, and systems for cities), towards the wider dissemination of these digital technologies to other 

localities (in which the firm reaps the financial benefits from scaling up these technological innovations to 

the market), this study aims to provide novel insights for scholars and practitioners in the field of smart 

cities, related to the critical issue of upscaling. Drawing on the business and management literature, and 

the concept of organizational ambidexterity in particular, we frame this issue as an ambidexterity problem 

faced by city governments, in terms of managing their exploration activities (i.e. developing, testing, and 

experimenting with technologies) and exploitation activities (i.e. embedding proven technologies into 

their core systems and processes).  

Specifically, we examine which factors contribute to the ability of firms to manage exploration 

and exploration activities in digital technologies developed and marketed for sustainable urban 

development. We address two interrelated research questions: first, we ask how do firms manage 

exploration and exploitation activities in their technological innovation processes?; and second, we 

explore to what extend can these insights be applied by city governments and other urban stakeholders, 

which experience difficulties in scaling up technological innovations beyond an experimental setting?. The 

next section provides an overview of key publications in smart city literature, and introduces the 

perspective of organizational ambidexterity and open innovation to examine innovation processes, and 

the role of exploration and exploitation therein. This leads to a conceptual model, which distinguishes 

between two key contexts for exploration (i.e. internal development and external collaboration) and three 

pathways for exploitation (i.e roll-out, expansion, and replication). This is followed by an analysis of 

exploration and exploitation activities in an illustrative  case study, focused on Dutch telecommunications 

firm KPN and their portfolio of digital technologies for smart cities, which centers around network and 

sensor technologies, data analytics platforms, and Internet-of-Things applications. Subsequently, the 

discussion and conclusion section reflects on the dynamics involved in managing and balancing 

experimentation and upscaling, identifies several policy implications, and suggests opportunities for 

future research. 

 

2. Theoretical background   

At the intersection of urban development and technological innovation, the concept of smart cities has 

come to the fore in relation to adopting digital technologies to address sustainability  challenges in urban 

environments. A number of academic studies have addressed the phenomenon of smart cities from both 

a conceptual and practical perspective, particularly focusing on the terminology, definitions, and key 

research themes in this growing body of literature (Ahvenniemi et al., 2017; Albino et al., 2015; Allwinkle 

and Cruickshank, 2011; Anthopoulos et al., 2019; De Jong et al., 2015; Gil-Garcia et al., 2015; Kitchin, 2018; 

Meijer and Bolívar, 2016; Mora et al., 2017; Komninos and Mora, 2018; Silva et al., 2018). Recent studies 
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have also assessed frontrunner cities and their journeys towards becoming smart cities (Appio et al., 2019; 

Bakıcı et al., 2013; Caragliu et al., 2011; Giffinger et al., 2007; Grimaldi and Fernandez, 2015; Hielkema 

and Hongisto, 2013; Yigitcanlar et al., 2018), which has been instrumental in developing insights related 

to the economic, political, organizational, environmental, social, and technological dimensions of smart 

cities. Mora et al. (2017) identify that two dominant development paths have emerged, rooted in a 

techno-centric perspective and a holistic perspective. The techno-centric perspective of smart cities is 

predominantly based deploying digital technology to increase the efficiency and effectiveness of systems 

and processes in cities. The holistic perspective adopts a more human-centric perspective, and 

incorporates a much richer set of non-technological dimensions related to smart cities, including 

environmental, social, cultural, and human aspects. In a similar vein, Angelidou (2014) makes a distinction 

between ‘hard’ and ‘soft’ smart city strategies, whereby ‘hard’ strategies focus more on technological 

dimensions of smart cities, and ‘soft’ strategies prioritize human-centric dimensions and aspects such as 

education, culture, and social inclusion. This reflects that the literature on smart cities has been 

instrumental in understanding how digital technologies are adopted to shape urban environments, and 

how technological innovation can create economic, environmental, and social value for cities and their 

citizens by addressing persistent sustainability challenges. 

The private sector, which includes both multinational enterprises (MNEs) and small- and medium-

sized enterprises (SMEs), has become an increasingly important stakeholder in the smart city domain, as 

supplier of  digital technologies that enable cities to address persistent sustainability issues in a wide range 

of areas, including energy consumption, urban mobility, and waste management. Technology firms have 

increasingly positioned themselves as strategic partners for city governments and policymakers to address 

urban sustainability issues (Van den Buuse and Kolk, 2019). Recent studies have addressed the strategic 

orientation of frontrunner firms in the market for digital technologies for smart cities (Paroutis et al., 2014; 

Scuotto et al., 2016), while others have critically assessed the neo-classical ideology and technology-

centric perspective underpinning the approach of dominant technology firms (Grossi and Pianezzi, 2017; 

Mora and Deakin, 2019). This has been invaluable in understanding the role of the private sector in the 

creation of smart cities as technology suppliers, as part of a wider range of other key stakeholders 

including city governments, knowledge institutions, non-governmental organizations (NGOs), and citizens. 

In particular, it has reflected that the private sector can be a central actor in the process from moving 

from experimentation with digital technologies across different localities, towards scaling up proven 

solutions based on digital technologies on a wider scale (Van den Buuse and Kolk, 2019). In this context, 

the next section will elaborate on experimentation and technological innovation in relation to smart cities. 

 

2.1 Experimentation and sustainable urbanization 

Upscaling from experiments and pilots is central to achieve a more sustainable urban development and 

create economic, environmental, and social value from technological innovation for cities and its citizens 

(Van Winden and Van den Buuse, 2017). A number of studies have addressed the emergence of 

technological experimentation in relation to cities and sustainable development. The epistemological 

framing of cities as living laboratories has been dominant in this respect (Bulkeley and McCormick, 2018; 

Evans and Karvonen, 2010; Marvin et al., 2018), with the concepts of urban living labs and urban transition 
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labs emerging as central themes. The concept of urban living labs is embedded in the literature on urban 

governance, and is broadly characterized as a “form of collective urban governance and experimentation 

to address sustainability challenges and opportunities created by urbanization” (Voytenko et al., 2016, 

45), in which different types of urban stakeholders develop, test, and validate new types of technologies, 

products, services to address urban sustainability challenges (Evans et al., 2016). Similarly, the closely 

related concept of urban transition labs is rooted in the literature on sustainability transitions, and is 

broadly defined as “the locus within a city where (global) persistent problems are translated to the specific 

characteristics of the city and where multiple transitions interact across domains, shift scales of operation 

and impact multiple domains simultaneously (e.g. energy, mobility, built environment, food, ecosystems)” 

(Nevens et al. 2013, 115).  

These concepts reflect that creating geographic and institutional spaces for technological 

experimentation has emerged as a well-established mode of addressing urban sustainability issues 

(Fuenfschilling et al., 2019; Von Wirth et al., 2019). City governments have played an active role in 

stimulating experimentation, and bringing both public and private stakeholders together. Related to 

experiments conducted at the intersection or sustainable urbanization and environmental issues, city 

governments take a leading role in the majority of experiments, often in collaboration with many other 

actors in different types of partnerships and governance modes (Broto and Bulkeley, 2013; Bulkeley and 

Broto, 2013). Whereas experimentation has been inherently linked to smart city program and pilot 

projects (Sengers et al., 2018), moving to large-scale deployments has proved problematic to date (Latre 

et al., 2016). In contrast to cities, larger technology firms have been able not only to experiment but also 

to upscale and replicate their smart city  technologies across many localities (Van den Buuse and Kolk, 

2019). Examining their approach to managing and balancing experimentation and upscaling can provide 

insight for other stakeholders in the smart city realm, most notably city governments, to facilitate the 

wider dissemination of validated technologies for urban development. 

In exploring the private sector in relation to the concept of smart cities, the theoretical 

perspective of organizational ambidexterity can provide insight in balancing experimentation and 

upscaling. Management scholars have argued that “the ambidextrous organization achieves alignment in 

its current operations while also adapting effectively to changing environmental demands” (Gibson and 

Birkinshaw, 2004a, 210); ambidexterity  is a central tenet for sustained firm performance (Andriopoulos 

and Lewis, 2009; Gupta et al., 2006; O’Reilly and Tushman, 2013; Raisch et al., 2009). March (1991) 

specifically relates ambidexterity to balancing exploration and exploitation activities within an 

organization. Exploration includes all activities related to “search, variation, risk taking, experimentation, 

play, flexibility, discovery, innovation”, while exploitation is focused on “refinement, choice, production, 

efficiency, selection, implementation, execution” (March 1991, 71). A central argument for an 

ambidextrous approach is that firms need to “compete in mature technologies and markets where 

efficiency, control, and incremental improvement are prized” on the one but, but simultaneously need to 

be able to “compete in new technologies and markets where flexibility, autonomy, and experimentation 

are needed” (O’Reilly and Tushman 2013, 324). In terms of achieving an ambidextrous approach, Gibson 

and Birkinshaw (2004b) make a distinction between two forms of ambidexterity: (i) structural 

ambidexterity, which entails that an organization creates separate structures (i.e. business units) for 

different types of activities, whereby decisions about alignment and adaptability of activities are made by 

https://www.sciencedirect.com/science/article/pii/S0959652615011439#!
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top management; (ii) and contextual ambidexterity, which focuses more on the role of individual 

employees and their behaviour (i.e. ambidextrous individuals) in balancing the alignment and adaptability 

of activities, as part of the wider organizational structure. Gibson and Birkinshaw (2004b, 49) state that 

“the two approaches are best viewed as complementary”, whereby successful organization often “use a 

combination of both approaches to deliver simultaneously on the needs for alignment and adaptability”.  

In the smart city context, firms such as IBM and Cisco have been able to develop frontrunner 

positions in the market for technological in many cities on a global scale, thus reaping the benefits from 

scaling up digital technologies from exploratory activities such as experimentation, testing, and validating 

proof-of-concept solutions. Hence, and ambidextrous approach which explicitly encompasses exploitation 

once a technological solutions has successfully been developed and validated, is central to their wider 

diffusion in other localities, and thus for their wider impact on sustainable urban development. In the next 

section, we examine in more detail how organisations combine exploration and exploitation. 

 

2.2 Exploration: internal and external contexts for technological innovation 

While internal research and development (R&D) activities have traditionally been central to a firm’s 

exploration activities, external collaborations with other organizations has gained  importance (Lin et al., 

2007; Raisch et al., 2009; Rothaermel and Deeds, 2004). Innovation processes have shifted from solely 

relying on internal R&D activities towards openness to outside innovation, particularly in high-tech 

industries (Baldwin and Von Hippel, 2011; Chesbrough, 2006; Enkel et al., 2009; Laursen and Salter, 2006; 

Leminen et al., 2012 Mina et al., 2014; West and Bogers, 2014, 2017; West et al., 2014). This open 

innovation perspective is defined by Chesbrough (2006, 1) as "the use of purposive inflows and outflows 

of knowledge to accelerate internal innovation and expand the markets for external use of innovation". 

Inter-organizational collaboration through engagements with external stakeholders are key for achieving 

more radical, breakthrough innovations.  

For firms, experimental settings such as the urban living labs (Evans and Karvonen, 2010; Silver 

and Marvin, 2016; Voytenko et al., 2016), urban transitions labs (Fuenfschilling et al., 2019; Nevens et al., 

2013), and climate change experiments (Broto and Bulkeley, 2013; Bulkeley and Broto, 2013) all provide 

external contexts for interorganizational collaborations as part of their exploration activities. Smart city 

programs, which are often initiated by city governments to stimulate collaborations between different 

types of actors (e.g. Amsterdam Smart City in Amsterdam, Copenhagen Cleantech Cluster in Copenhagen, 

and Forum Virium in Helsinki), can thus be complementary to internal R&D activities of firms to develop 

solutions based on digital technologies for cities. Schaffers et al. (2011, 433) explicitly link smart city 

programs and pilot projects to the concept of open innovation, and state that “cities and urban areas 

provide a potentially attractive and testing and validating environment”, in which “common resources can 

be shared amongst different types of stakeholders in an open innovation environment”. Similarly, 

Paskaleva (2011, 153) identifies “using open innovation for sharing visions, knowledge, skills, experience 

and strategies for designing the delivery of services, goods and policies in cities is effective, efficient and 

sustainable”, in the context of smart city programs in Europe.  

https://www.sciencedirect.com/science/article/pii/S0959652615011439#!
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As part of exploration activities, the inflow and outflow of knowledge to and from the organization 

is therefore important (West et al., 2014), particularly in the context of smart cities. In terms of the 

direction of these knowledge flows, Enkel et al. (2009) categorize the inbound and outbound knowledge 

flows in three dominant processes: an ‘outside-in process’, in which a firm enriches its knowledge base 

though external knowledge sourcing to increase its own innovativeness, which can include clients, 

suppliers, competitors, and public and commercial research institutions; an ‘inside-out process’, whereby 

firms focus on externalizing their knowledge, ideas, and technologies by bringing them to the market 

through licensing fees, joint ventures, spin-offs, and other ways of transferring innovation to other firms; 

and a ‘coupled process’, in which a firm co-creates with complementary partners by engaging in alliances, 

partnerships, and joint ventures in order to jointly develop and commercialize innovations. In addition, 

Lazzarotti and Manzini (2009, 622-623) identify four dominant modes of open innovation, related to the 

number and type of partners with whom a firm collaborates at different phases of its innovation process. 

The first type, ‘closed innovators’, are firms which access external knowledge for a specific/single phase 

in the innovation process, typically through dyadic collaborations; the second, ‘specialized collaborators’, 

also collaborate with external partners for a specific/single phase in the innovation process, but work with 

a wide range of different actors in this phase to broader their knowledge base; the third, ‘integrated 

collaborators’, open up all phases of their innovation process to external collaborations, but only focus on 

collaborating with a specific/single type of partner; the fourth, ‘open innovators’, adopt a fully open 

innovation model, and work with a broad range of heterogeneous partners throughout all phases of their 

innovation process. Applied to the smart city context, both insight in the direction of knowledge flows and 

dominant mode of collaboration with other stakeholders, provides insight in how firm’s engage in internal 

development and external collaboration as part of its exploration activities to develop smart city solutions.  

 

2.3 Exploitation: trajectories for scaling up technological solutions 

For technological innovations developed by firms for smart cities, either originating from internal R&D 

activities or through external collaboration in pilot projects, the process of scaling up (i.e. exploiting) these 

solutions to other urban contexts has been identified as a key challenge (Kern, 2019; Schaffers et al., 2011). 

Based on a review of literature on upscaling from academic and professional publications (Cooley and 

Kohl, 2005; Hartmann and Linn, 2008; Uvin, 1995; World Bank, 2005; World Health Organization, 2009), 

a recent typology for scaling up smart city has identified three dominant manifestations based on 

empirical research on smart city pilot projects (roll-out, expansion, and replication), as well as economic, 

regulatory, and technological conditions which influence the potential for upscaling (Van Winden and Van 

den Buuse, 2017). From an actor perspective, exploitation through roll-out is the most straightforward 

form of upscaling, and is particularly relevant to manufactured smart city products or standardized service 

innovations: a firm scales up the developed product or service once it comes out of exploration activities, 

by introducing it to existing or new markets. When exploitation occurs through expansion, a firm scales 

up a smart city solution (such as digital platforms and networks) by refining, adding functionalities, and/or 

enlarging the geographical area, thereby increasing the economic, environmental, and/or social value of 

the solution. In exploitation via replication, smart city solution that has been developed as part of 
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exploration activities in one specific context, is replicated in another urban context by the firm, potentially 

building on lessons learned from the original pilot context. 

The potential for all three modes of upscaling depends on the degree of complementarity 

between the new technology and the core business activities and existing markets of the firm (Amores-

Salvadó et al., 2015; Baden-Fuller and Haefliger, 2013). When there is a large degree of complementarity 

between the existing knowledge, resources, and capabilities of the firm, and the technological 

characteristics of the smart city solution, the firm can seek to scale up the solution towards its mainstream 

markets and key customer segments; vice versa, non-complementarity may have a limiting effect on the 

potential of widespread upscaling of a solution beyond an explorative stage, and may lead the firm to 

focus only on smaller niche markets in its exploitation activities (Pinkse and Van den Buuse, 2012; Raven, 

2007). From a firm’s perspective, complementarity between its existing knowledge, resources, and 

capabilities and a newly developed smart city solution, is therefore a key determinant in a firm’s decision-

making process on whether or not to scale up a solution. Taking both exploration and exploitation 

activities into account in a firm’s innovation activities, the conceptual model below provides a dynamic, 

actor-centric perspective on exploration and exploitation in relation to the development and marketing 

of digital technologies for sustainable urban development. 

 

 

 

 

 

  

 

 

 

3. Method and data collection 

In the next section, we will present a case study to illustrate the management of ambidexterity in a smart 

city business. We adopt a single case study design, focused on an illustrative and revealing case in relation 

to the topic of study and the conceptual model. It draws on qualitative data collected from semi-

structured interviews and archival data for the focal firm in the case study, a leading Dutch 

telecommunications firm. The firm has developed and maintained a strong position on the Dutch 

telecommunications market over the last few decades, following its privatization from a state-owned to 

a privately owned company in 1989.  In recent years, the firm has been active in developing new ICT-

driven products, services, platforms, and networks aimed at the creation of smart cities, embedded in 

their broader telecommunications offerings on business-to-business and business-to-consumer markets. 

Figure 1: An innovation perspective on exploration and exploitation in smart cities 
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We conducted interviews with smart city experts within the organization at three points in time (2015, 

2017, 2018), thereby collecting longitudinal data on the firm’s activities and smart city technologies over 

a 4-year time period. The interviews focused on the overall strategic approach of the firm in addressing 

urban sustainability issues and improving urban services, based on its portfolio of smart city innovations, 

including products, platforms, systems, and services. In addition, we specifically focused on the innovation 

process, including the approach of the firm to managing experimentation (i.e. exploration) and upscaling 

(i.e. exploitation), and how both processes are embedded in the organizational structure of the firm. 

Regarding exploration, our analysis focuses on the internal development as well as external 

collaboration, related to developing digital technologies for smart cities. For internal development, we 

examined how the development of smart city-oriented technology is organized within the organization, 

as part of the firm’s wider R&D activities related to technological innovation. For external collaboration, 

we explored how collaboration with urban stakeholders in smart city programs and pilot projects are 

leveraged to develop, test, experiment, and validate new technologies for smart cities. In addition to 

insight in exploration, we analyzed how the firm moves from exploration to exploitation for newly 

developed smart city-oriented technologies, and which approach to scaling up validated solutions for 

wider market diffusion (i.e. through roll-out, expansion, and replication) are adopted. In addition, we 

identified to what extend economic, regulatory, and technological factors influenced the exploitation 

activities of the firm. To triangulate insights derived from interviews with other sources of data, firm-

specific documentation on the smart city technologies of the firm were collected and scrutinized, to gain 

in-depth insight in the characteristics and specifications of each smart city solution it offers within its 

portfolio of connectivity-related technologies. In the findings section, a narrative account was constructed 

for the firm’s approach to managing their exploration and exploitation activities, thereby providing insight 

in innovation activities of the firm based on the theoretical concepts introduced in section 2. 

 Furthermore, a broader perspective on the role of both public and private actors in smart cities 

was gained through semi-structured interviews with leading firms in the market for smart city 

technologies, including IBM, Cisco, Accenture, Philips, and Alliander, as well as with participating 

organizations in pilot projects developed in the Amsterdam Smart City network. Given that the firm has 

been involved in the Amsterdam Smart City network for a number of years, these allowed us to gain 

insight in the overall characteristics and collaborative dynamics within the network, which is particularly 

relevant for the external collaboration part of the conceptual model, related to exploration activities. This 

provided insights in how smart city pilot projects can provide a space for external collaboration for firms 

to develop, test, experiment, and validate new digital technologies. The combination of interviews with 

the focal firm (which allows to gain a firm perspective on exploration and exploitation activities), and other 

urban stakeholders (which collaborate with the firm in the smart city domain), provided us with rich 

insights on the role of firms in the creation of smart cities, as part of a broader set key stakeholders 

involved in this process, including city governments. In line with our research questions, the inclusion of 

interviews with public as well as private actors provided us with insights to address both the private sector 

perspective (research question 1) and the city government perspective (research question 2) in an 

integrative manner. In addition, this facilitated us to capture both the techno-centric and ‘hard’ aspects 

of smart city strategies, as well as the wider human-centric and ‘soft’ aspects (Angelidou, 2014: Mora et 

al., 2017). Overall, a total of 14 interviews were conducted in relation to this study between 2015 and 
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2018, including 3 interviews with the focal firm, 5 interviews with other firms with activities in the market 

for smart city technologies, and 6 interviews with Amsterdam Smart City board members and partner 

organizations involved in smart city pilot projects. The focus of these interviews was to gain insight in the 

wider ecosystem for smart city innovation in which the focal firm is embedded, and the ambitions and 

motivations (e.g. environmental and social targets) of other stakeholders related to smart city innovation. 

Several of these interviews were conducted as part of a broader study on organising smart city pilot 

projects in the field of energy, mobility, and circular economy (for more details, see Van Winden et al., 

2016). 

 

4. Results 

This section starts with an introduction of KPN’s main activities related to smart cities, followed by an 

analysis of how exploration and exploitation is embedded in the firm’s innovation activities in developing 

and marketing digital technologies for urban development. The enabling role of digital technologies to 

address challenges in urban environments is central in this respect, as the firm defines its approach to 

smart cities as follows: “Within a smart city, modern ICT-driven technologies and digital infrastructures 

are applied as part of an integrated approach. Challenges related to mobility, sustainability, infrastructure, 

energy, and health have become so complex and large-scale, that integrated and data-driven solutions 

are needed which are supported by many stakeholders in the city. Eventually this needs to lead to 

economically healthy and livable cities” (KPN 2015, 6). From the firm’s perspective, this involves four main 

types of innovation: (i) network technologies, such as Low Power Long Range (LoRa) technologies which 

can connect sensors and applications over long distances; (ii) open data and data analytics, which is 

accessible to different types of actors to utilize for decision-making processes; (iii) Internet-of Things (IoT), 

which combines connectivity, data management, and smart devices to connect different types of things 

(e.g. appliances, vehicles, and buildings) to develop new  solutions; (iv) and sensor technology, which are 

key to measure and register a wide range of processes in the city, such as heat, water, and air quality 

measurements (KPN, 2015). Our interviews with the firm highlighted that their approach to integrating 

digital technologies in urban environments is closely connected and complementary to its core business, 

given that this is where the firm can have the most impact on urban development. 

The firm also actively monitors the emergence of relevant digital technological developments 

which have the potential to (re)shape its core business activities, stating that “sharing information on new 

technology and developing ideas about how to use it are crucial to our business success (…) over the past 

seven years, KPN has invested nine billion euros in futureproof telecoms infrastructure, which is a crucial 

enabler of new technological applications” (KPN 2018a, 5). These technological innovations include 5G 

networks, IoT applications, artificial intelligence, machine learning, blockchain, quantum technology, and 

connected and automated driving (KPN 2016; 2018a; 2018b), all of which are closely connected to the 

firm’s resources and competences in digital infrastructure and connectivity solutions. Related to smart 

cities, such digital technologies may enable city governments to enhance the efficiency of urban services, 

address different types of urban sustainability challenges, and enable evidence-based and anticipatory 

decision-making based on real-time data. The wide range of experimental smart city pilot projects in 
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which digital technologies are tested and validated, in collaborative networks such as Amsterdam Smart 

City (Amsterdam, Netherlands), Copenhagen Cleantech Cluster (Copenhagen, Denmark), and Forum 

Virium Helsinki (Helsinki, Finland), reflect the potential for cities to leverage the opportunities of these 

technological innovations for urban development. The next section examines the approach to exploration  

of KPN from an actor perspective, focusing on both internal development and external collaboration. 

 

4.1 Exploration of digital technologies for cities 

When it comes to exploration and experimentation, the approach of KPN to developing new smart city-

oriented products, services, and platforms includes both internal development (oriented at technological 

development) and external collaboration (oriented at testing, experimentation, validation), which 

complement each other as part of their exploration activities. The firm has an internal organizational unit 

for the development of new digital technologies, which facilitates the internal development of products, 

services, platforms, and systems for smart cities. It facilitates the cross-departmental internalization of 

knowledge, resources, and competences related to smart city innovation in the organization, and anchors 

these activities in this unit. Also, the unit serves to bundle specialized knowledge on smart cities gathered 

through activities carried out across different departments and project teams, thus facilitating intra-

organizational knowledge-sharing, as part of innovation activities. One of the interviewees at KPN 

affirmed that this organizational unit acts as a catalyst for the development of new connectivity-oriented 

solutions for cities, focusing primarily on technological solutions which are complementary to existing 

resources and competences, and aligned with its core business activities. He states: “our new business 

unit only focused on new initiatives which fit with our core competences, which particularly concerns the 

enabling infrastructure for the next economy, which is fully data-driven (…) as part of this unit, we have 

teams focusing on data analytics, on blockchain, on smart grids cities (…) these teams are all part of the 

innovation unit”. For technology development, KPN thus builds on internal knowledge that is embedded 

in the firm’s R&D activities, facilitated by an organizational unit focused on digital technologies for smart 

cities.  

For exploration activities aimed at urban development, the firm resorts to more open innovation 

methods, engaging in external collaborations with public and private stakeholders. In this vein, the firm 

states that for the creation of smart cities, “collaboration is needed for innovation; citizens, policy makers, 

businesses, and knowledge institutions predominantly have shared interests and should all take their 

responsibility as equal partners (…) fortunately, the interest in open innovation is increasing each day” 

(KPN 2014, 2). This focus on external collaboration is reflected in its partnerships across different cities in 

the Netherlands, including Amsterdam, Rotterdam, The Hague, and Eindhoven, where the firm is involved 

in experimentation with different types of digital technologies across various domains, including solutions 

for mobility, energy, lighting, and buildings (KPN, 2015). 

Amsterdam is one of the main locales for the firms exploration activities; KPN has been a partner 

in the  Amsterdam Smart City network for a number of years, in which the firm works with different types 

of actors in pilot projects to develop smart city solutions based on digital technologies. Our interviews 

suggest that the firm can be best characterized as a ‘specialized collaborator’ related to smart cities in 
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terms of their dominant innovation strategy (Lazzarotti and Manzini, 2009), given that it collaborates with 

a wide range of external partners to test, experiment and validate connectivity-oriented solutions in 

external pilot projects, but simultaneously relies on internal R&D activities for the technological 

development of these solutions based on existing knowledge, resources, and competences in network 

infrastructure and connectivity. For example, in the Smart Light Project, KPN worked in collaboration with 

Cisco, Philips, Liander, and the City of Amsterdam to develop an adaptive, Wi-Fi-integrated lighting 

solution, as part of a wider effort to establish a IoT network in this area of the city (Hoekrodeplein, 

Amsterdam). In an experimental setting, 13 smart light posts were placed as part of an integrated system, 

4 of which connected to each other though internet, and equipped with Wi-Fi-antennas and camera’s in 

order to register the number of pedestrians and atmosphere in the area (KPN, 2015). This type of 

collaboration with external partners to develop and test a new smart city solution, by combining KPN’s 

resources and competences in network and sensor technologies with the resources and competences of 

the other firms in the pilot project, has increasingly become an integrative part of the firm’s exploration 

activities in this market.  

Hence, both inside-out and outside-in market interactions shape the firm’s exploration activities 

in relation to smart city innovation. From interviews and firm-specific documentation, we observe a 

dynamic interaction between internal technological development of smart city solutions, and external 

collaboration for refining, testing, and validating them through engaging in experimental pilot projects, 

eventually leading  to a proof-of-concept demonstrating the feasibility and viability of the solution. 

Experimental settings can serve to get a new smart city solution ready for its introduction to markets 

(mainstream or niche) and customer segments (new or existing), and move from experimentation to 

upscaling. KPN’s strategic market position is rooted in its resources and competences in infrastructures 

and connectivity-oriented solutions, which facilitates upscaling of new solutions for urban development: 

“the physical and digital infrastructure needs to take the potential to scale up into account, which requires 

planning, clear standards, and a sustainable infrastructure” (KPN 2015, 9).  

From the city administration’s perspective, working with KPN and other actors offers an 

opportunity to experiment with a new technological solution that would make the area safer, and could 

eventually might be scaled up or replicated in other parts of the city. As it turned out, this project was 

more than an experimental lab: a crucial element in the project from the city perspective was the 

collaboration with retailers and users of the area, as it involves privacy-sensitive data. Hence, even when 

the technology would be ‘scalable’ in the technical sense, replicating it elsewhere would again require 

some sort of collaboration with local stakeholders. Also, during the project, the city management 

discovered that it lacked clear guidelines on privacy and data management. The case became part of a 

wider debate in the city on these issues, later resulting in a city-wide rulebook about the use of data in 

the public space.  This case highlights that for a city, an important aspect of the exploration stage is to 

develop knowledge and expertise about citizen engagement processes, procedures, privacy and data 

management protocols that are all needed to make technology work for the city. 
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4.2 Exploitation of digital technologies for cities  

When it comes to exploitation and scaling, the approach of KPN in developing and marketing solutions for 

smart cities reflects that existing knowledge, resources, and competences matter. Creating a vision for 

the digital structure which builds on existing systems and processes is central, as KPN states that “it is 

important to take the existing ICT-infrastructure and data of a city into account, while simultaneously it is 

also important to map out a vision of the future of the digital infrastructure that is needed for a smart city” 

(KPN 2017, 9). More concretely, the company follows  three steps: (i) defining the core values and societal 

challenges of a city, whereby technology (e.g. needed digital infrastructure, relevant types of data 

collection) is subservient to the societal challenges; (ii) creating a roadmap towards becoming a smart city 

based on the priorities set by the city government, which includes identifying how the digital 

infrastructure and processes in the city should evolve to meet these societal challenges; and (iii) starting 

the process of implementation, which starts with experimentation and developing proof-of-concept 

solutions to address these challenges in practice, whereby proven technologies may be scaled up in 

number or area where they are applied (KPN, 2017). In this approach, the public policy vision and 

alignment with key priorities of the city government, form the starting point of this process: compatibility 

between public policy and smart city technologies which are developed is an important condition. 

Related to exploitation, the firm’s focus on digital infrastructure is rooted in existing knowledge 

that the firm has built up over decades in developing and marketing digital ICT infrastructures and systems. 

The firm focuses its experimentation and proof-of-concept development on technological solutions which 

are complementary to existing resources and competences, which facilitates scaling up viable ones 

beyond experimental settings. Given that proof-of-concepts are initially rather small, potential 

opportunities to develop economies-of-scale advantages and creating a positive return on investment for 

specific technologies, are key for the wider dissemination of smart city solutions. This can facilitate roll-

out (i.e. bringing a connectivity solutions to new markets or customer segments), expansion (i.e. adding 

new functionalities and types of data to the solution), or replication of the solution in another city-specific 

context. For new types of products, services, or platform emerging from exploration activities, either 

through internal development or external collaboration, having intellectual property rights and ownership 

over the solution is a central precondition to achieve a positive return on investment. Proprietary 

technologies for smart cities, of which the firm has a rather broad portfolio (KPN, 2015), form the basis 

for exploitation and reaping the benefits from experimentation. It can also lead to new business models 

for the firm, as KPN states that “extracting and using data becomes a business model and smart cities 

facilitate that” (KPN 2018c, 2).  

Additionally, our interviews also highlighted that KPN’s dedicated organizational unit for smart 

cities is important for upscaling. By bundling specialized knowledge on smart cities gathered through 

activities carried out across different departments and project teams, thus facilitating intra-organizational 

knowledge-sharing, the smart city business unit anchors smart city-oriented knowledge into the 

organizational structure of the firm. As one interviewee at KPN mentioned, the firm strategically develops 

these new business activities as close to its core business as possible, which include internet-of-things 

applications, connecting digital infrastructures, and utilizing existing and new data to manage urban flows. 

In line with earlier findings, particularly those of Paroutis et al. (2014) and Söderström et al. (2014), it 
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reflects that smart city solutions represents a strategic growth market for the firm, in which it focuses 

existing resources and competences to the urban management domain. In the case of KPN, by building 

on its core business activities in digital infrastructures and connectivity solutions.  

Furthermore, technological standardization of smart city solutions and compatibility with system 

standards (KPN, 2016; 2018a) are important factors in enhancing the potential for upscaling of digital 

technologies. Within KPN’s portfolio of connectivity solutions, the ‘KPN Data Services Hub’, a data 

management platform aimed to visualize, connect, and manage data flows in real-time, is a prime example 

in this respect (KPN, n.d.). The solution, which is marketed through a ‘platform-as-a-service’ business 

model, has a high degree of technological standardization as a data management platform, but the 

configuration for each individual customer (e.g. city governments) can be customized in order to be 

compatible with the data needs, process flows, and digital infrastructure of different contexts. This 

combination of technological standardization and context-specific customization allows the solution it to 

be scaled up through all types of scaling trajectories (i.e. roll-out, expansion, replication). For KPN, as well 

as for other ICT firms we interviewed, this standardization creates opportunities to exploit common 

characteristics of digital infrastructures across different localities, and scale up products, services, and 

platforms in a commercially viable manner.  

Overall, our empirical analysis of KPN and its innovation activities oriented at smart cities reflects 

how economic, organizational, and technological factors affect upscaling, and influence whether and how 

opportunities emerge to reap the benefits from experimentation. From the perspective of the city, scaling 

up or exploitation has a different connotation. Cities engage in smart city pilots to test how technology 

can serve the public cause, exploring new territory regarding regulation, procedures, policy processes and 

stakeholder engagement. The learning effects from the exploration phase should lead to new regulation 

and also to mainstreaming new practices in the municipal operation, so that the technology can be applied 

elsewhere in the city as well. For this to succeed, our interviews highlighted that Amsterdam engages in 

an ongoing dialogue not only with technology suppliers but also with activists, legal experts, citizen groups, 

and wider constituencies. Also, it faces the challenge to maintain a fruitful connection between innovative 

parts of the municipal organization on the one hand, and daily operations on the other.       

 

5. Discussion and conclusions 

Our analysis reveals that an ambidextrous approach, in which both exploration and exploitation activities 

are embedded in the innovation activities of an organization, may facilitate the dissemination of 

technologies in cities beyond an experimental setting (e.g. urban living labs, urban transition labs, or pilot 

projects). The previous section illustrated this for one particular firm and its exploration and exploitation 

activities in smart city-oriented connectivity solutions. Also, we saw that for cities, exploration and 

exploitation have different dimensions. This section summarizes key findings related to managing 

exploration and exploitation in the context of smart city innovation, and subsequently translates these 

findings into actor-centric dimensions which could potentially enable city governments to scale up digital 

technologies to address urban sustainability challenges more effectively.  
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5.1 Exploration and exploitation in smart cities 

The first research question addressed how firms manage exploration activities (i.e. aimed at developing 

new types of technology-based products, services, and platforms) and exploitation activities (i.e. reaping 

the benefits from new technologies by marketing them), based on the theoretical perspective of 

organizational ambidexterity. For exploration activities to develop smart city-oriented solutions, we found 

that internal development through R&D activities are primarily important for technology development, 

while external collaborations in pilot projects serve to experiment, test, and validate new proof-of-

concept solutions. Our interviews reflected that the firm’s innovation process can be best characterized 

as a coupled process (Enkel et al., 2009), involving both inside-out and outside-in market interactions, 

particularly in relation to the external collaborations in which the firm engages with other stakeholders. 

As a partner organization in the Amsterdam Smart City network, and in the pilot projects we examined in 

particular, the firm worked with different types of stakeholders with complementary resources, to 

develop new smart city technologies. In the Smart Light project for example, KPN collaborated with Cisco 

and Philips to develop an energy-efficient and Wi-Fi-integrated lighting solution, in which its specialized 

resources in telecommunications and connectivity were complemented with Cisco’s and Philips’ hardware 

and expertise. This reflects how internal technology development, can be complemented with external 

collaborations, as part of the exploration activities of the firm. Following the characterization of 

innovation strategies by Lazzarotti and Manzini (2009), the firm can thus be best described as a 

‘specialized collaborator’, given that it works with external partners in the development phase in their 

innovation activities related to smart cities. It also shows that collaborating in smart city pilot projects can 

create an external space for a firm to refine and improve smart city solutions, before bringing them to the 

market.  

Related to exploitation, several economic, organizational, and technological factors emerged as 

important factors underlying the potential to scale up smart city technologies for the focal firm. In terms 

of economic factors, strategically investing in technologies and the development of new proprietary 

products, services, and platforms is important, as it creates prospects of economies of scale and a positive 

return on investment for the firm. For the focal firm in our analysis, investing in different types of 

connectivity-oriented solutions for different types of urban challenges and systems, are complementary 

to existing resources and competences the firm has built up over decades in the telecommunications 

market. From an upscaling perspective, this provides opportunities to leverage existing resources and 

competences in a new strategic growth market (i.e. smart city technologies), and thus creates the 

potential for economically viable commercialization to existing markets and customer segments. Inherent 

to the for-profit nature of the firm, it has clear economic incentives to actively market and promote smart 

city solutions, in order to recoup their investments in exploration activities; such incentives are not 

present for city governments (although scaling and dissemination of knowledge are increasingly listed as 

a precondition for EU–funded smart city projects). The development of proprietary smart city solutions 

(over which the a firm has ownership and intellectual property rights), are an important condition to move 

from experimentation to exploitation, and  to  market the solution through roll-out, expansion, or 

replication. For the Smart Light project referred to in the previous section, insufficient agreement over 

ownership over the final solution that was developed in the pilot project, proved to be a hindering factor 

to scale it up by roll-out to the market or replicating it in other geographic contexts.  
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In addition, we found that the anchoring of smart city innovation in the organizational structure 

is a key driver underlying the firm’s approach to both exploration and exploitation in the context of smart 

cities. KPN created a dedicated organizational innovation unit which bundles knowledge, resources, and 

competences for smart cities. As business and management scholars have argued, firms need to be 

ambidextrous, combining organizational units which engage in knowledge creation and developing 

innovations on the one hand, with units that focus on exploiting existing knowledge and bring products, 

services, and platforms to existing markets and customer segments on the other (Benner and Tushman 

2003; Jansen et al., 2006). Simultaneously, our interviews revealed that cross-departmental knowledge 

sharing mechanisms and incentives need to be in place to bundle and recombine knowledge from 

different departments and/or project teams. Hence, a specialized organizational unit for smart city 

innovation which bundles knowledge, resources, and competences, as well as employees that actively 

engage in cross-departmental knowledge sharing, were both observed as part of the firms approach to 

smart city innovation. This reflects that both structural ambidexterity and contextual ambidexterity, which 

Gibson and Birkinshaw (2004a; 2004b) identify as being complimentary in firm strategies towards 

innovation, are both embedded in KPN’s approach to balancing alignment-focused and adaptability-

focused activities. 

Another driver for upscaling is compatibility with data standards and interoperability with existing 

system standards. Consistent with earlier findings on firm strategies in smart city technologies, the focal 

firm in our analysis focused on standardization of the solution in terms of technological specifications, 

with room for localized customization based on the requirements of the systems and processes of 

individual cities (Van den Buuse and Kolk, 2019). For KPN, their connectivity-oriented smart city platforms 

for urban management have a substantial degree of technological standardization, but can adapted to fit 

the smart city vision, public policies, and climate-oriented ambitions of city governments. Hence, this 

creates opportunities to exploit communalities between cities, though scaling up products, services, and 

platforms which can address similar urban sustainability challenges across different localities. As pointed 

out earlier, ownership over the solution (i.e. developing proprietary smart city technologies), are key for 

the potential to scale of novel smart city solutions developed through experimentation and testing.  

 

5.2 Implications for city governments  

Our second research question aimed to identify how city governments can move towards a more 

ambidextrous approach to manage experimentation and upscaling. Based on our analysis we identified 

several actor-centric dimensions which influence the potential to scale up smart city technologies. First, 

it is important to facilitate the internalization of knowledge, resources, and competences related to smart 

cities in the organization, through organizational units for both exploration and exploitation that anchor 

innovation-oriented activities into the organizational structure. Our interviews highlighted that a 

dedicated organizational unit in which knowledge, resources, and competences related to smart city 

innovation are pooled, can act as a driver for both exploration and exploitation activities in innovation 

processes. Cities might consider to set up such an organizational unit to stimulate exploitation of viable 

solutions through the amalgamation of knowledge embedded across different city departments. This 
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would address the persistent lack of post-project knowledge sharing that we identified as a potentially 

hindering factor for scaling up novel smart city technologies.  

Second, the diffusion of proven digital technologies for urban development in society might 

accelerate when city governments engage in more integrative collaborations with other city governments 

to develop a collective knowledge base, and benefit from knowledge creation from smart city activities 

across multiple localities. By organizing a multi-local presence through collaboration with other city 

governments in an (inter)national context, city governments could mimic the advantages that 

(multi)national firms enjoy through their multi-local presence through national/regional/local offices and 

subsidiaries. Our analysis showed that firms bring specific resources and competences into smart city pilot 

projects related to their core business activities (in the case of our focal firm, connectivity solutions), and 

are able to benefit from engaging with other stakeholders to develop new types of products, services, and 

platforms. By engaging with city governments in inter-city networks, in which each city has specific 

functional areas of urban management in which it has built up knowledge, resources, and competences 

over longer time periods, such networks could be able to scale up technological solutions to address 

similar urban sustainability issues in each city that is connected to the network. While diverging local 

contextual dimensions in each city entail complexities for replication from one city to the next, our analysis 

showed that standardized technological solutions which can be customized to fit local conditions, have 

the potential to be scaled up effectively.  

Third, upscaling might be enhanced when cities strategically invest in smart city innovation 

projects which are aligned with a long term  vision and with existing knowledge, resources, and 

competences of  one or more departmental units. Our analysis exposed that for the focal firm, 

complementarity between connectivity-oriented innovations and existing knowledge, resources and 

competences of the firm, was a key factor influencing the potential to scale up a solution to existing (and 

potentially new) customer segments.  By selecting pilot projects which aim to experiment, test, or validate 

a smart city solution which are complementary to existing activities of one or more departmental units in 

the organization (i.e. exploration), a city government could potentially stimulate the potential to scale up 

a viable solution emerging from the pilot project in other localities (i.e. exploitation), thus creating a wider 

impact on urban development. Particularly when city governments make public funds available for smart 

city pilot projects, it is important to take the fit with the vision and ambitions of the public authorities, as 

well as complementarity with existing activities, into consideration from the initiation phase onwards. 

In conclusion, the concept of ambidexterity, as elaborated in the business and management 

literature and practiced by firms, entails some valuable insights for cities and can be translated to the city 

policy domain to some extent. At the same time, evidently, a city administration is not a company: it lacks 

the commercial driver of private firms, it cannot operate beyond its jurisdiction, and, more importantly, 

it has to serve its constituencies, create public value (including social inclusion and sustainability), and be 

accountable and non-discriminatory. Hence, from a more citizen-centric and holistic perspective of smart 

cities, an important aspect of upscaling is to ‘translate’ the insights that come from experiments 

(exploration), successful or not, into new routines, regulations, protocols and stakeholders/citizens 

engagement methods that can be applied throughout the city. Often, smart city pilots, in partnership with 

technology firms, raise wider political and societal debates about the adequacy of current legislation, 
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procedures, data ownership, or privacy and security issues (as was the case in the smart light example 

described in this paper). This underlines the importance for cities to have local public platforms or arenas 

where a variety of viewpoints can be expressed and debated. 

While several limitations can be identified for our empirical analysis, particularly related to the 

single case study design and generalizability of our findings, it has provided an illustration of some of the 

dimensions related to exploration and exploitation that are important to take into account for city 

governments in their smart city activities. For the wider economic, environmental, and social impact of 

digital technologies sustainable urban development, it has contributed to insight in how upscaling is a 

central tenet in the creation of smart cities. Future research could extend this analysis to multiple firms 

or other type of stakeholders, to gain insight in scaling mechanisms from a wider range of case studies. In 

addition, given the increasingly important role that firms and other urban stakeholders have in sustainable 

urban development, it would be interesting to further examine which modes of collaborative urban 

governance could be adopted beyond experimentation in in pilot projects. By addressing in more depth 

how different types of stakeholders can be part of a collaborative governance mode that facilitates scaling 

of digital technologies more effectively, it could enhance the societal impact of viable technological 

solutions to address persistent urban sustainability challenges at the local level. 
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Appendix: Overview of semi-structured interviews  

Actor Organization Participant Date and time 

Focal firm KPN Smart City Program Manager; IoT Specialist 27 April 2015; 80 minutes 

Focal firm KPN Business Services Consultant; Digital Network Specialist 15 June 2017; 60 minutes 

Focal firm KPN Business Services Consultant; Digital Network Specialist 22 May 2018; 60 minutes 

Other firm Accenture  Smart City and Sustainability Services Consultant   28 June 2017: 80 minutes 

Other firm Cisco Smart City and Internet-of-Everything Consultant     2 March 2017; 120 minutes 

Other firm IBM Sustainability and Corporate Affairs Manager 20 April 2017; 80 minutes 

Other firm Philips CSR and Government Affairs Manager 7 June 2017; 45 minutes 

Other firm Alliander Smart City and Energy Consultant   19 May 2015; 65 minutes 

Smart city 
network 

Amsterdam Smart City partner Communication Manager for the Network 27 April 2015:55 minutes 

Smart city 
network 

Amsterdam Smart City partner Business Development Manager for the Network 29 April 2015; 80 minutes 

Smart city 
network 

Amsterdam Smart City partner Project Manager for a Smart City Project 27 April 2015; 40 minutes 

Smart city 
network 

Amsterdam Smart City partner Project Manager for a Smart City Project 6 May 2015; 50 minutes 

Smart city 
network 

Amsterdam Smart City partner Project Manager for a Smart City Project 11 May 2015; 45 minutes 

Smart city 
network 

Amsterdam Smart City partner Project Manager for a Smart City Project 19 May 2015; 70 minutes 
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