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Abstract. Recently, there has been substantial interest in the concept of a smart
city, as it has been a viable solution to the dilemmas created by the urbanization
of cities. Digital technologies—such as Internet-of-Things, artificial intelli-
gence, big data, and geospatial technologies—are closely associated with the
concept of a smart city. By means of modern digital technologies, cities aim to
optimize their performance and services. Further, cities actively endorse mod-
ern digital technologies to foster digitalization and the emergence of data-based
innovations and a knowledge economy. In this paper, a framework for a smart
city design is presented. The framework considers a smart city from the per-
spective of four dimensions—strategy, technology, governance, and stakehold-
ers. The framework is complemented with sub-dimensions, and the purpose of
this framework is to strengthen the governance and sustainability of smart city
initiatives. Further, the proposed framework is applied to the Helsinki smart
city, the capital of Finland. The objective is to analyse the Helsinki smart city
through dimensions presented in the framework and learn how the city of Hel-
sinki governs and implements its smart city initiatives.

Keywords: Smart city, digital technology, strategy, stakeholders, open data,
technology experimentations

1 Introduction

Cities are lucrative areas for economic growth, as 80% of the current global GDP is
produced in cities (Dobbs et al., 2011). This trend is likely to continue as urban areas
already provide homes to over half of the world’s population, and the number is esti-
mated to increase by 66% by 2050. In addition to economic wealth and prosperity,
urban areas offer more versatile job opportunities and alternatives for advanced edu-
cation. Further, urban areas also provide conducive environments for new innovations
and businesses. The reverse side of urbanization and improved prosperity is an in-
creased volume of consumption, waste, and pollution. According to UNEP (2013),
over 75% of the world’s energy and material flows are consumed in cities. Along with
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rapid urbanization, cities are likely to consume even more natural and non-renewable
materials, as urbanization sets demands for the construction of new residential areas
and improving city infrastructures and services. As an example, cities must renew and
build transportation, energy, and sewer network infrastructures and systems, as well
as build new premises for hospitals, schools, and day care centres to guarantee fulfil-
ment of their mandatory functions. It is also worth noting that increased population
itself consumes more natural and non-renewable resources to satisfy basic necessities
and accomplish the desires and purposes of individual human life. It is emphasized
that local city governments place strategic focus on sustainable and resource-efficient
urban development. It is highlighted that cities must design denser urban areas and
invest in modern low-carbon infrastructure solutions. Further, existing studies also
argue that the shift from traditional carbon-intensive infrastructure to low-carbon
infrastructure alternatives require a 5% increase in infrastructure investments in cities.
Thus, cities must have improved abilities to effectively manage resource flows and
enhance resource efficiency by focusing on smart land use and investing in modern
urban digital infrastructures (IRP, 2018).

The concept of a smart city has been a popular phenomenon, and multiple cities
worldwide have adopted smart city practices in urban development. Further, infor-
mation and communication technologies (ICTs) and novel digital technologies such
as Internet-of-Things (loT), artificial intelligence (Al), and data analytics play an
integral role in the implementation of the concept of a smart city. The European Un-
ion (EU) defines a smart city as ‘a place where traditional networks and services are
made more efficient with the use of digital and telecommunication technologies for
the benefit of its inhabitants and business’. Alternatively, a smart city is defined as ‘a
city, in which ICT is merged with traditional infrastructures, coordinated and integrat-
ed using new digital technologies’ (Batty et al., 2012). Caragliu, Del Bo, and Nijkamp
(2011) define a city as smart ‘when investments in human and social capital and tradi-
tional (transport) and modern ICT communication infrastructure fuel sustainable eco-
nomic growth and a high quality of life, with a wise management of natural resources,
through participatory government’. The ITU-T Focus group (2015) and 1SO (2015)
summarize that a smart city is an innovative city that uses ICTs to improve the quality
of life of residents, thereby enhancing the efficiency of urban operations and services
and improving sustainable socio-economic and environmental outcomes by respond-
ing to the challenges of urbanization.

The objectives of smart city initiatives and the use of digital technologies enable
the streamlining of city processes and not only make city services more accessible for
residents but also enhance the resource management and efficiency within the city
(Aguilera, Pefia, Belmonte, & Lopez-de-Ipifia, 2017). Further, smart city practices
aim to reduce the costs of city services and improve the return on investments (Vila-
josana et al., 2013), accelerate economic growth, competitiveness and transparency,
as well as stakeholder participatory in the cities (Abella, Ortiz-De-Urbina-Criado, &
De-Pablos-Heredero, 2017; Perez, Poncela, Moreno-Roldan, & Memon, 2015; Yo-



vanof & Hazapis, 2009). New digital technologies applied in ‘soft” city domains such
as education, health and social care, and city administration (Petersen, Grazia &
Oliveira, 2015) aim to foster knowledge creation and enable the emergence of new
knowledge-based businesses and digital innovations (Baccarne, Mechant, & Schuur-
man, 2014; Li, Nucciarelli, Roden, & Graham, 2016). Smart city initiatives also aim
to enhance social inclusion and prevent inequality among the citizens.

Deploying novel digital technologies across an organization’s activities is a long-
term process that impacts an organization’s structures, capabilities, and existing IT
infrastructures and systems (Davenport & Westerman, 2018). Thus, the design, man-
agement, and governance of digitalized and interconnected smart city operations and
ecosystems are not a trivial task. Research has identified that numerous smart city
initiatives tend to fade away when project funding is used (Diaconita, Bologa, & Bo-
loga, 2018; Hamaldinen & Tyrvdinen, 2016). The objective of this paper is to shed
light on the elements that are relevant for robust digital transformation, ecosystem
creation, and orchestration in a smart city. In order to achieve this objective, this pa-
per presents a smart city design framework, which is derived from prior literature in
the area of smart cities and smart city ecosystems and is adapted from the smart city
conceptual model (SCCM) presented by Hamaldinen and Tyrvéinen (2018). The
smart city design framework is founded on four dimensions—strategy, technology,
governance, and stakeholders—and is complemented by sub-dimensions. The smart
city framework aims to improve the process of digital transformation within the city
and assist smart city stakeholders in the private and public sectors to clarify complex
smart city governance, ownership, orchestration, and decision making procedures.
The framework also highlights the importance of technological compatibility, appro-
priate skills, and resource allocation in smart cities in order to ensure robust and well-
grounded smart city implementation. In this paper, the smart city design framework
(Hamaldinen & Tyrvéinen, 2018) is applied to analyze the smart city of Helsinki in
Finland through the abovementioned four dimensions and learn about smart city prac-
tices and implementation in Helsinki.

The remainder of this paper is structured in the following manner: Section Il pre-
sents the principles of the digital transformation within organizations. Section |1l
delves into the conceptual foundation of the smart city design framework, and Section
IV covers the research methodology. Section V discusses the specific case of the Hel-
sinki smart city and evaluates smart city initiatives in Helsinki through the smart city
framework. Section VI summarizes the findings, and Section VI concludes the paper.

2 Digital transformation

Digital transformation is perceived as a paradigm shift (Berman & Marshall, 2014)
resulting in ‘changes that the digital technology causes or influences in all aspects of



human life’ (Stolterman & Fors, 2004). Digital transformation is also understood as
‘technology-induced change’ (Legner et al., 2017) that may have radical or disruptive
features (Morakanyane, Grace, & O'Reilly, 2017) that revolutionize prevailing prac-
tices by disrupting the trajectories of established businesses, and change the structures
of industries and value networks (Au et al., 2018; Gimpel et al., 2018; Weil &
Woerner, 2015). Digital technology evolution is all the more embedded in social areas
(Legner et al., 2017; Tilson, Lyytinen, & Sgrensen, 2010) and is driven by individual
persons (Legner et al., 2017), which makes digital transformation with digital tech-
nologies a complex and uncertain process (Hess et al., 2016; Sahu, Deng, & Mollah,
2018). Since digital technologies have ubiquitous impacts on organizations and indus-
try functions, it is emphasized that a strategic focus must be placed on how to conduct
long-term digital transformation (Chanias & Hess, 2016; Henriette, Feki, &
Boughzala, 2016; Hess et al., 2016; Legner et al., 2017; Matt, Hess, & Benlian, 2015;
Ross, Beath, & Sebastian, 2017; Sebastian et al., 2017).

IT strategies are traditionally developed to manage IT infrastructures, tools, appli-
cations, and IT services (Gerster, 2017; Hess et al., 2016) that support an organiza-
tion’s functions and processes (Teubner, 2013). Differentiated from IT strategy, it is
suggested that a specific digital strategy must be created that assists organizations to
reflect on business perspectives and consider the resources, capabilities (technical and
human), and financial aspects that are required in digital transformation (Bharadwaj et
al., 2013; Matt, Hess, & Benlian, 2015; Mithas, Tafti, & Mitchell, 2013; Ross et al.,
2016). Digital strategy evaluates the influence of digital technologies on the structures
and process of organizations and observes possibilities for new business models and
value creation among existing and new stakeholders (Bharadwaj et al., 2013; Mo-
rakanyane, Grace & O'Reilly, 2017; Hess et al., 2016; Legner et al., 2017; Matt, Hess
& Benlian, 2015; Prince, 2017; Rauch, Wenzel & Wagner, 2016; Ross et al., 2016;
Sebastian et al., 2017; Singh & Hess, 2017). Thus, digital strategy is a holistic view
for top management to evaluate, manage, and govern the digital transformation jour-
ney (Chanias & Hess, 2016).

3 Framework for a smart city design

Along with heterogeneous stakeholder groups from private and public sectors, the
city must perform its statutory tasks and activities around the clock without interrup-
tions. A holistic overview of how a city transforms itself to a smart city and how digi-
tal technologies are applied in diverse city domains is needed. In the following ac-
count, a framework adopted from Hamal&inen & Tyrvdinen (2018) is presented (Fig
1). The framework contains four central dimensions—strategy, technology, govern-
ance, stakeholder—and other sub-dimensions. The strategy dimension considers as-



pects of a smart city’s vision, strategy, and capabilities. The technology dimension
discusses the digital technologies applied in smart cities, as well as the data, technolo-
gy experimentation, security, and privacy issues. Vertical and horizontal scopes con-
clude the technology dimension. The governance dimension describes the orchestra-
tion of the smart city stakeholders and ecosystems and considers funding and metrics
to evaluate smart city performance. Finally, the stakeholder dimension elaborates on
stakeholders and stakeholder value in smart city ecosystems.

Digital technologies
Data
Technology experimentations

Vision & strategy Security & Privacy

Capabilities Strategy Technology Vertical & Horizontal scope
Stakeholders | Governance ;
Stakeholder value Orchestration
Funding
Metrics

Figure 1 Framework for Smart City Design (adopted from H&mal&inen & Tyrvéinen,
2018).

3.1  Strategy

Cities operate under a constantly evolving environment, which puts pressure on the
city’s governance and management. The strategy for a digital or smart city identifies
the changes that occur in both national and global political, legislative, and economic
landscapes, and also considers the impact of social and technological changes. As
contemporary urban development relies on modern digital technologies (Lu, Tian,
Liu, & Zhang, 2015), smart city vision and strategy envisions the future state of the
city by means of digital technologies. Smart city strategy sets strategic guidelines on
how a city must develop and integrates digital technologies to diverse urban infra-
structures in order to enhance sustainable city design and performance (Haméldinen &
Tyrvdinen, 2018). From a broader perspective, the smart city strategy also considers
the impacts of climate change and evaluates the manner in which digital technologies
can be employed to enhance material usage and reduce emissions within the city.

(a) Capabilities



Smart city strategy considers the goals, resources, and capabilities required for the
successful implementation of creating a smart city (Scuotto, Ferraris, & Bresciani,
2016; Tillie & van der Heijden, 2016). The resources and capabilities of a smart city
refer to both technical (Sarma & Sunny, 2017; Schleicher, VV6gler, Inzinger & Dust-
dar, 2017) and human capabilities like knowledge to manage smart city design and
orchestrate innovative data-based smart city ecosystems that create value for its
stakeholders (Abella et al., 2017; Baccarne et al., 2014; Komninos, 2011; Komninos,
Pallot, & Schaffers, 2013; Scuotto et al., 2016; Tillie & van der Heijden, 2016).

3.2 Technology

(b) Digital technologies

Emerging digital technologies such as 10T, Al, cloud computing, big data, and data
analytics are rapidly expanding in urban areas, thereby creating multifaceted digital
and data ecosystems (Aguilera et al., 2017). Schleicher et al. (2017) call smart cities
‘data behemoths’. Rapidly increasing online city services, ICT connected city infra-
structures and fast adoption of internet-connected technologies like sensors, video
surveillance and lightning systems are applied in diverse city infrastructures. Apply-
ing modern smart city technologies to diverse smart city infrastructures helps to ac-
cumulate exponentially historical and real-time data from heterogeneous city domains
and activities (Rathore et. al., 2018; Schleicher et al., 2017). Further, positive experi-
ences from cloud computing have encouraged cities to invest on ‘pay-as-you-go’
cloud computing solutions. The collection of cloud computing components such as
infrastructure-, platform-, and software-as-a-service provide new dimensions for more
affordable, scalable, and easily available ICT service provisions for cities. One of the
main characteristics for cloud-based service provisions is that the user is charged only
when using the platform or service (Hernandez, Larios, Avalos, & Silva-Lepe, 2016;
Petrolo, Loscri, & Mitton, 2017). Moreover, scalability and cost efficiency are the
undoubted advantages cloud computing provides for cities.

(c) Data

In recent years, cities have released city data sets such as geographical and location
information for public use. Open city data is not only used by the city’s government,
but also other stakeholders such as citizens, application developers, and third party
organizations that exploit open city data for personal or public purposes (Aguilera et
al., 2017). However, legislation like the General Data Protection Regulation (GDPR)
in Europe prohibits and prevents cities from publishing data that is sensitive and criti-



cal from privacy and safety perspectives. High volumes and velocity of the city data
add demands related to data management. Capabilities to process and analyse the city
data are needed so that the data is useful for actors in smart city ecosystems (Khan et
al., 2017; Rathore et al., 2018). Along with human capabilities, data engineers and
scientists, technologies such as data analytics and Al speed up data processing and
enhance data integrity and accuracy (Srivastava, Bisht, & Narayan, 2017). In the
smart city settings, Al has been used to analyse data from video surveillance cameras
and drones, which keep an eye on city environments and surroundings (Srivastava,
Bisht, & Narayan, 2017).

(d) Technology experimentations in smart cities

The International Resource Panel (IRP, 2018) emphasizes that cities must develop
and apply urban experimentation policies. Cities certainly have environments that
offer multifaceted domains for diverse smart city technology experimentations. Tech-
nology tests and experimentation platforms (TEP) such as testbeds, innovation and
living labs, and prototyping platforms have been dominant facilities for smart city
technology and service development and experimentation (Ballon, Pierson, &
Delaere, 2005; Schaffers et al., 2011). Heterogeneous urban domains offer numerous
advantages for technology experimentations. For smart city practitioners, real world
city-level experiments not only enable iterative technology and service development
but also provide access to collection of data from real users. During smart city exper-
iments, developers receive valuable information on product usability and developers
may simultaneously validate feasibility and user acceptance of smart city technologies
and services (Hamaél&inen & Tyrvéinen, 2016). Ten relevant dimensions for establish-
ing robust smart city technology experimentation platforms have been identified.
These dimensions are openness, real-world experiments, user/public involvement,
vertical and horizontal scope, scalability, sustainable value creation, continuity,
loT/data heterogeneity, and system architecture design. These dimensions prove to
strengthen the emergence of the smart city ecosystem and the duration of smart city
TEPs (Hdmaldinen & Tyrvdinen, 2016).

(e) Security and privacy

Information systems are applied to almost all fields in our societies and emerging
digital technologies are an integral part of smart city initiatives. A disadvantage of the
ubiquitous cyber-physical systems is that there is an increase in the potential for secu-
rity and privacy vulnerabilities. The term cyber security is defined as ‘the protection
of cyberspace itself, electronic information, ICTs that support cyberspace, and the
users of cyberspace in their personal, societal and national capacity, including any of
their interests, either tangible or intangible, that are vulnerable to attacks originating



in cyberspace’ (Von Solms & Van Niekerk, 2013). However, the more the frequency
of application of digital technologies in smart city infrastructure, the greater the po-
tential for vulnerabilities and data breaches. Thus, security and privacy themes must
be placed at the top level in smart city development.

(f) Vertical and Horizontal scope

Many smart city initiatives focus on improving certain city verticals such as trans-
portation or energy. Emphasizing certain verticals in smart cities may influence the
choice of employed technologies and standards that best support the needs and re-
quirements of a particular vertical industry (Hadméldinen & Tyrvdinen, 2016). Accord-
ing to Schleicher et al. (2017), city data is isolated and restricted to exist in silos. If
smart city development focuses only on a particular vertical, it may prevent more ex-
tensive technology and data adoption and exploitation in smart cities (Hadméldinen &
Tyrvéinen, 2016), thereby resulting in the emergence of data silos. Schleicher et al.
(2017) emphasize the prevention of the emergence of data silos in smart cities by ena-
bling ubiquitous access to heterogeneous and interconnected city data. Horizontality in
the context of a smart city context implies how a wider set of data from multifaceted
city domains and activities are collected, combined, and utilized. The horizontal ap-
proach contributes to a broader set of city data and expands the possibilities of creating
new services based on integrated data in smart cities (Hamaldinen & Tyrvdinen, 2016).

3.3 Governance

Growing markets in a smart city attract various organizations and stakeholders
from private and public sectors. Smart city governance could be defined as ‘the sum
of the many ways individuals and institutions, public and private, manage their com-
mon affairs’ (Commission on Global Governance, 1995). Smart city governance con-
sists of multifaceted organizations, processes, and stakeholder relations; it also deals
with legislations and policies (Ruhlandt, 2018). Moreover, smart city governance is a
body that envisions the future state of the smart city, provides strategic leadership and
resources, ensures dialog and decision making in smart city ecosystems, and assesses
the performance of a smart city and the quality of its citizens’ lives. (Baccarne et al.
2014; Recupero et al., 2016; Tillie & van der Heijden, 2016; Veeckman & van deer
Graaf, 2015.) Further, smart city governance considers long-term financial needs
(Vilajosana et al., 2013) to ensure robust and long horizon smart city implementation
(Komninos, Pallot & Schaffers; 2013) as well as to reduce costs and improve resource
efficiency in a city (Diaz-Diaz, Mufioz, & Pérez-Gonzélez, 2017).

(9) Funding and Metrics



Major (upfront) investments are needed to successfully deliver smart city initia-
tives (Vilajosana et al., 2013; Diaz-Diaz, Mufioz, & Pérez-Gonzélez, 2017). In Euro-
pean settings, digital urban development is one of the priority agendas and smart city
funding is allocated through the EU to improve infrastructure—such as transport and
water networks and waste management—as well as to improve the energy efficiency
of buildings (European Commission). Globally, international organizations (e.g. Unit-
ed Nations Industrial Development Organization, UNIDO) provide funding for sus-
tainable environmental development, such as green industries, sanitation, and waste
management (Adapa, 2018).

Little is known about actual metrics to evaluate smart city performance. However,
organizations such as the International Organization for Standardization (ISO), British
Standards Institutions (BSI), and International Telecommunication Union (ITU) have
developed guidelines and key performance indicators (KPIs) to plan and measure
smart city performance. The aim of the standards and harmonized metrics is to clarify
the complex city processes, urban planning, and needs of multifaceted stakeholder
groups. Smart city standards assist cities to compare procurement proposals and re-
duce barriers to system integration in complex city organization and infrastructures.
Further, these standards provide practical step-by-step guides and function as valuable
tools for smart city practitioners and stakeholders to transit a city towards becoming a
digitized smart city (BSI, ISO, ITU.)

3.4  Stakeholders

Smart cities are described as collaborative innovation ecosystems (Komninos, Pal-
lot, & Schaffers; 2013; Komninos & Tsarchopoulos, 2013) that generate new oppor-
tunities for start-ups, multinationals, academia, and cities themselves. Public organi-
zations may collaborate with private companies to develop novel city services that
optimize city activities, reduce costs, and save scarce city resources. For enterprises,
multifaceted smart city domains provide an environment to experiment and employ
new technologies in real-world settings and discover new business and value-creation
opportunities in the context of the smart city context (Hadmaldinen & Tyrvéinen, 2018;
Sarma & Sunny, 2017). Thus far, public-industry partnership has dominated smart
city initiatives; however, lately, integrating citizens and civil society in the develop-
ment of a smart city has been emphasized. Quadruple helix (public-private-people)
collaboration pursued to enhance social inclusion as citizens is seen to lead to the
emergence of co-creators and social innovators (Abella et al., 2017; Komninos, Pallot,
& Schaffers; 2013; Mayangsari & Novani, 2015; Petersen et al., 2015) in cities. In-
cluding citizens in smart city ecosystems is justified by the perception that citizens
may own specific knowledge and earn social capital as part of their livelihood (Lea et
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al.,, 2015; Mayangsari & Novani, 2015), which may benefit a community’s living
conditions. Further, quadruple helix collaborations further enhance technology diffu-
sion and reduce technology resistance in cities.

(h) Stakeholder value

Even though the concept of a smart city has been a popular phenomenon, numer-
ous smart city projects tend to decline once project funding is obtained (Diaconita,
Bologa, & Bologa, 2018; H&méldinen & Tyrvéainen, 2016). It must be noted that smart
city development is a long-term process, which requires capabilities and resources to
generate added value for the stakeholders involved in smart city ecosystems (Hamé-
ldinen & Tyrvdinen, 2016; Gagliardi et al., 2017). Competences to orchestrate and
manage complex technical, human, and business ecosystems are needed to transform
a conventional city from the stage of being a smart city pilot to one of mature smart
city development. A clear understanding of the actors’ roles and responsibilities in the
smart city ecosystem has positive influences on ecosystem health and the experienced
value of stakeholders (Autio & Thomas, 2014; Korpela et al., 2013; Manikas, 2016).
This is also true for smart city ecosystems. The role of an ecosystem orchestrator is to
facilitate the ecosystem, its resources, actors, and objectives. A smart city orchestrator
ensures a harmonious decision-making process and interaction (Manikas, 2016) so
that the objectives of a smart city are achieved and value-added smart city applica-
tions and solutions are created in such a city (Abella et al., 2017; Adapa, 2018; Biful-
co, Tregua, & Amitrano, 2017; Hadméldinen & Tyrvéinen, 2016).

4 Methodology

The foundation for the smart city framework presented in this paper originates from
the prior work presented by Hamalainen and Tyrvdinen (2018). The framework was
applied to the Helsinki smart city. Data for empirical research was collected by inter-
viewing persons and stakeholders involved in the development of the Helsinki smart
city (Table 1). The semi-structured interview protocol was employed in interviews,
which provided flexibility and the possibility for a deeper understanding of the devel-
opment of Helsinki. Interviewee 1 represented the Helsinki environmental protection
unit and was in charge of Helsinki city’s energy and climate statistical data. Inter-
viewee 2, Deputy CEO, represented the Smart Kalasatama project at Forum Virium
Ltd. Interviewees 3 and 4 represented Helsinki Region Infoshare, an organization that
releases Helsinki city’s open data. Interviewee 5 was a community manager at Smart
Kalasatama project, who was responsible of stakeholder relations. Interviewees 6 and
7 represented residents of the Smart Kalasatama district. All interviews were audio
recorded and transcribed after the interviews. Additional data was collected by attend-
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ing workshops related to smart cities and seminars in Finland, as well as reviewing
official Helsinki city reports, documents, and websites. Data was collected during the
period May 2017—February 2019.

The Helsinki smart city in Finland

materiaalit-ja-julkaisut/

Table 1 Empirical data collection

| Interview Role Unit Date
Interviewee #1 Environmental planning  Helsinki city 23.4.2018
Interviewee #2 Deputy CEO Forum Virium 20.4.2018
. Project manager and o
Interviewee #3 and 4 . Open Data Helsinki city = 26.3.2018
designer
Interviewee #5 Community manager Smart Kalasatama 17.5.2017
Interviewee #6 Resident 1 Smart Kalasatama 17.5.2017
Interviewee #7 Resident 2 Smart Kalasatama 17.5.2017
Workshop Place Organizer Date
Open Data Day 2018  Helsinki Open Data Finland 1.3.2018
City Business - Cities as
ty BUst " Oulu City of Oulu 6.6.2018
platforms
. 29.-
MyData 2018 Helsinki MyData
31.8.2018
Public material Publisher
Helsinki city strategy  Helsinki city https://www.hel fi 2017 -2021
ICT Policy Helsinki city https://www.hel fi 2015 - 2017
Web page Helsinki Region Infoshare https://hri.fi/fi/
Web page Forum Virium https://forumvirium.fi/
Agile pilot cookbook  Smart Kalasatama
https://fiksukalasatama
Web page Smart Kalasatama .
fi/en/
https://www.stadinilm
Web page Stadin ilmasto P (/
asto.fi/
https://citybusiness.fi
Web page 6-aika smart city project ps://city /

The capital of Finland, Helsinki, has over 600,000 inhabitants. The total area of the

city is 719 km?, of which almost 70% is sea (502) and 30% is land (217). The popula-
tion density in Helsinki is almost 3000 inhabitants per km% Smart Kalasatama is a
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strategic smart city development district in Helsinki. It is a new residential area,
which is expected to provide homes for approximately 25,000 inhabitants by 2040. As
a strategic smart city development area, Smart Kalasatama provides facilities for agile
smart city pilots with a multi-stakeholder collaboration. The development of Smart
Kalasatama is facilitated by Forum Virium Helsinki (FVH) Ltd., an innovation busi-
ness unit owned by Helsinki city. Further, Helsinki is part of the ‘The Six City Strate-
gy’ project, which delivers smart city pilot projects in fields such as smart mobility,
open data, health, and circular economy in the six largest cities in Finland. ‘The Six
City Strategy’ project was selected as Finland’s flagship project for the EU Cohesion
Policy’s 30th anniversary year. In addition, Helsinki has achieved podium places in
several smart city competitions. Helsinki was elected as the number one city at the
European Capital of Smart Tourism 2019 competition and the best city for providing
digital Mobility-as-a-Service (MaaS) services. (Forum Virium Helsinki, 2018; Hel-
sinki city, 2018; 6Aika project, 2018). In the following account, the smart city frame-
work presented in Figure 1 is applied to the Helsinki smart city.

5.1  Strategy of the Helsinki Smart City

The updated city strategy for the period 2017-2021 proclaims Helsinki to be ‘The
Most Functional City in the World’. Helsinki commits to take concreate actions to
produce high quality city services with strong citizen inclusion. The city aims to be a
resident- and user-oriented city, where people may live in a safe and trustworthy envi-
ronment. Trust, safety, and social coherence are elements that create a competitive
edge for Helsinki (Helsinki City Strategy, 2018). However, as expressed by inter-
viewee 2, Helsinki city does not have a specific smart city or digital strategy, but the
goal of Helsinki is to be the best city in the world to benefit digitalization (Helsinki
City Strategy, 2018). Interviewee 2 indicated that in the future, the concept of smart
city will be ‘a new normal’. The current Helsinki city strategy includes numerous
smart city elements and development areas. As an example, Helsinki aims to develop
digital solutions that are easy to follow and engage in regardless of who has created
the digital services (Helsinki City Strategy, 2018).

(i) Capabilities

Based on the city strategy, Helsinki aims to improve its personnel’s capabilities in
emerging digital technologies, such as Al and robotics, by providing specific training
and education for digital technologies. A specific Chief Digital Officer position was
established to ensure that digital transformation is actualized in diverse city domains.
Helsinki aims to digitalize city services so that they are available around the clock. A
new data-based concept of ‘smart education’ is set to be developed around education
services. The smart education concept utilizes data analytics to provide more individ-
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ual learning design and experiences. The objective of the smart education concept is
to further enhance the learning processes and offer education services, regardless of
time and space, for students of all ages in Helsinki (Helsinki City Strategy, 2018).

5.2  Technology: Digital technologies

The ICT and data administration department of Helsinki city operates under its
Economic Development and Planning Division. The ICT department is responsible
for the steering and development of compatible digital technologies in diverse city
domains. The department is also responsible for city-wide enterprise architecture and
ICT infrastructure design and implementation. Helsinki targets to provide low-
threshold technology innovation and experimentation services and enable digitalized
data availability for external stakeholders. The city actively experiments and benefits
from data analytics, Al, sensor and loT technologies in multiple city domains (Hel-
sinki ICT Policy).

(j) Data

The data obtained from Interviewee 1 plays a central role in smart city develop-
ment. The key issues in this regard are the content of the data, how information is
distributed to relevant target groups, and how information is utilized in decision-
making processes. As an example, the environmental protection unit of Helsinki initi-
ated multiple projects to release existing data series for public use. Based on statistical
environmental data series, a 3D model, Helsinki Energy and Climate Atlas, was creat-
ed to bring transparency to the energy consumption of city buildings. A visual tool
helps a city to assess and analyse energy consumption in diverse city buildings and,
thus, react to energy leakages and enhance energy efficiency, particularly in old build-
ings.

The concept of open data was introduced to the Helsinki administration in the year
2009. Subsequently, a specific organization, Helsinki Region Infoshare, was estab-
lished to organize and manage open data initiatives in Helsinki and its surrounding
cities. In European settings, the Helsinki regional public libraries were the first ones
to publish raw data from over 680,000 works for public use in 2010. The Helsinki city
strategy states that Helsinki will be a leading city in terms of releasing and utilising
public open data. Currently, Helsinki and its regional cities have published almost 650
data sets and opened almost 120 interfaces for external stakeholders. Helsinki Re-
gional Transportation, Service Map Application Programming Interfaces (APIs) and
geographical data—such as maps and postcodes—have been the most popular inter-
faces and data sets that are applied by open data users. Although Helsinki city has
increasingly begun to release public data sets, not all of its city organizations publish
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their data for public use. Interviewees 3 and 4 mentioned that city organizations such
as social and health services have legitimate grounds that prevent extensive data shar-
ing with the public. For example, a recently published General Data Protection Regu-
lation (GDPR) in Europe tightens the protection of personal data and limits city or-
ganizations to collect, share, and use data that contains personal information such as
name, address, and social security number. Other factors such as prejudice, deficiency
in capabilities, and lack of time and money were mentioned as reasons that prevent
other city organizations to implement open data initiatives. However, Interviewees 3
and 4 also mentioned that strategic focus on open data, successful open data projects,
and practices and improved ICT solutions have lowered the prejudices and resistance
towards open data. Further, the interviewees indicated that the open data concept must
be promoted more actively in diverse city domains and that, currently, sufficient re-
sources are not reserved for these purposes.

(k) Technology experimentations

Helsinki city has established an independent company, Forum Virium Helsinki
(FVH) Ltd., for developing new digital innovations and city services in collaboration
with private companies, other public organizations, and citizens. City-level strategy
and FVH emphasize that Helsinki will be an attractive and leading city for agile smart
city technology experimentations, thereby stimulating new business activities in the
city. A user-driven approach and agile smart city development are FVH’s key drivers.
Currently, FVH runs digital technology development and experimentations at Smart
Kalasatama as well as at other city districts. During the years 2015-2018, FVH has
organized 21 agile smart city technology and service experimentations in Kalasatama.
Each pilot lasts six months and pilots are run twice a year. FVH procures pilots with a
maximum of 8000 euros. The smart city pilot themes have included, for example,
smart-mobility services, effective waste management, food waste reduction, and co-
creation of local well-being services. FVH’s slogan “fail fast, learn fast” indicates that
stakeholders may test smart city solutions in a areal-world city environment with
actual users and simultaneously learn if the smart city solution is viable on a larger
scale. Smart Kalasatama agile pilots and technology experimentations have raised
interest not only in Helsinki but also in other cities in Finland and Europe. Due to
high interest displayed towards agile urban development through technology pilots, a
cookbook for Agile Piloting was published in the spring of 2018. The Smart Kalasa-
tama cookbook presents the best practices and lessons learned in Kalasatama smart
city pilots. Smart Kalasatama emphasizes maximizing learning and integrating di-
verse stakeholder groups for user-driven smart city development. (Smart Kalasatama.)

() Vertical and horizontal scope
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Numerous smart city initiatives and experimentations in Helsinki have concerned
mobility, environment, and circular economy development. Helsinki has actively
developed functional smart traffic systems to reduce emissions and created ad-
vantages for modern technologies and sharing economy principles to modernize urban
mobility. (Helsinki city strategy.) Mobility-as-a-service is one of the most extensive
efforts that have taken place in Helsinki. As a result of mobility and transportation
development, new data-driven innovations and services have emerged. An application
called “Whim’ aggregates both public and private transportation services in one place,
thereby offering users services such as city bikes, taxi, and private car services at an
affordable monthly fee. Whim liberates citizens from car ownership, thereby making
urban life more flexible and resource-efficient. Another digital service created by
Helsinki city is a digital platform called ‘Service Map’. ‘Service Map’ encompasses
almost all city services, thereby making it easier for citizens to browse and search city
services through one digital platform. Both Whim and Service Map platforms utilize
open data sets published on HRI’s open data platform. Helsinki’s ICT department
develops ICT policies that support the implementation of the city strategy. Further,
the ICT department harmonizes ICT systems so that city services are compatible and
digital data content and interfaces are easily available for city stakeholders. The city
actively enhances the emergence of open ICT ecosystems by offering fair and equal
opportunities for third parties to develop new digital city services (Interviewees 3 and
4, 2018; Open Data Day, 2018.)

(m) Security and privacy

Helsinki’s ICT policy states that new ICT training programs must focus on smart
city development by enhancing security and privacy issues in diverse city domains.
Interviewee 1 expressed that privacy and data protection issues may prevent extensive
use of data in certain cases. Interviewees 3 and 4 indicated that city lawyers are used
to consulting diverse city organizations, for example, with data privacy matters. Thus,
Helsinki considers security and privacy issues and renews ICT procurement practices
in this field.

5.3  Governance

In terms of smart city governance, Interviewee 2 expressed that the notion of a
smart city is currently related to the manner in which cities govern their ICT systems
and data and how they integrate new digital technologies into city infrastructure. An-
other strong trend in the smart city development discourse is a participatory and citi-
zen-driven/centric approach. In the case of Helsinki, an organization that governs the
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development of the Helsinki smart city and related initiatives does not seem to exist;
however, instead, the development of the smart city is decentralized. Numerous Hel-
sinki smart city initiatives run by FVH are project-based and funded by the EU. Inter-
viewee 2 indicated that due to intensive competition for funding, the projects are ra-
ther arbitrary. Interviewee 2 summarized the development of the Helsinki smart city
in the following manner:

‘We have put huge efforts for developing agile pilots and creating an experimenta-
tion culture in Helsinki. It has been an excellent way to motivate and mobilize the
entire urban society to develop concrete smart city solutions, for example, related to
mobility and health care. Developing a culture for agile pilots and technology experi-
mentations has activated Helsinki city officials, citizens, and start-ups to develop and
figure out how to benefit from novel digital technologies and what the future of the
city will look like. It is definitely worth it to continue agile pilot and experimentation
activities and consider how to extend and draw agile pilots on city-level strategic
projects and procurements’.

Interviewee 2 continues and envisions that,

‘when technologies evolve, we have artificial intelligence, data, robotics and so on,
the city infrastructures and governance must not only adapt to changes, but a city
must be governed and managed in another way. The smart city will be the new nor-
mal’.

Interviewee 2 also emphasizes combining top-down and bottom-up urban devel-
opment. This implies that a city-level strategy is needed to deliver investments for
infrastructure development; simultaneously, the strategy must engage all stakeholders
from private and public sectors and the civil society to develop urban areas. In a top-
down/bottom-up urban development approach, the city opens up its data interfaces
and develops ICT systems so that each citizen may participate and use his/her re-
sources to improve the quality of lives of the citizens of the city. In the case of Hel-
sinki, agile pilots and new technology experimentations are the means for the devel-
opment of a smart city. As the development of a smart city evolves in Helsinki, it
could be expected that this development progresses from agile pilots to a more mature
smart city governance approach.

(n) Funding and metrics

Interviewee 2 indicated that the work of FVVH is project-based work. Smart Kalasa-
tama itself is a city’s strategic development project and is, thus, funded by Helsinki.
However, the agile smart city pilots and experimentations are funded by diverse EU
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funds. In addition, local and national public organizations have participated and in-
vested in the Helsinki smart city pilots. Due to high competition and uncertainty of
the smart city project funding, Interviewee 2 pondered that a city-level smart city
development might potentially provide a more solid funding base. One example of the
smart city organization or initiatives funded by Helsinki city is Helsinki Regional
Infoshare (HRI) for open data services. HRI is an organization that receives funding
from Helsinki, other regional cities, and public organizations in Finland. In addition,
the digital city services that are developed on the basis of open data are funded by
Helsinki. None of the international smart city standards are applied in Helsinki. How-
ever, metrics to measure smart city agile pilots organized by FVH are determined by
funding organizations. Although the precise metrics to measure benefits from open
data initiatives are not set and measured, Interviewees 3 and 4 estimated that, for ex-
ample, open procurement data has resulted in 1-2% savings in city procurement activ-
ities.

5.4  Stakeholders

The strategy of creating ‘The Most Functional City in the World” implies that a
functional city is extended to involve all citizens and stakeholders in Helsinki. Hel-
sinki is a user- and resident-driven city, which benefits from open data to stimulate
the emergence of start-ups and high-growth companies, and offers an advantageous
environment for agile pilots and experimentations (Helsinki city strategy). The FVH
has executed city-level strategy and actively implemented quadruple helix smart city
collaboration and development in Smart Kalasatama and other areas in Helsinki. The
agile pilots applied in Smart Kalasatama integrate the entire urban society: city, citi-
zens, start-ups, civil society, academia, and large companies. The principles of agile
pilots and stakeholders involved in technology experimentations are presented in
Figure 2.
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Figure 2 Smart Kalasatama Quadruple Helix (adapted from the Smart Kalasatama
presentation)

Another environment created for a quadruple helix collaboration in Helsinki is
called Maria 01 area. Maria 01, a co-working area, is a low threshold meeting place
where individuals, third-sector actors, companies, and city officials can collaborate
and co-create solutions for citizens and other customers. Maria 01 aims to stimulate
individual developers and start-ups to create new digital city services based on open
data and accelerate the emergence of new innovations and businesses (Helsinki city
strategy).

(o) Stakeholder value

Helsinki has managed to create an attractive smart city experiment and agile pilot-
ing culture, which stimulates and integrates diverse stakeholder groups. For Helsinki
city, agile pilots have made smart city development more concrete and visible and
opened up possibilities for learning about which smart city solutions work and which
do not. The ‘fail fast, learn fast’ approach is well adopted in Smart Kalasatama. Fur-
ther, agile pilots have stimulated the creation of a smart city ecosystem and trust
among the stakeholders of the Helsinki smart city. Interviewee 5 highlighted the
FVH’s role as a facilitator during agile pilots and emphasized that agile pilots must
create value for the stakeholders of a smart city. As a facilitator, the FVH functions as
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a hub for different stakeholders, lowering the threshold for communication and access
for agile pilots. Further, in a facilitator role, the FVH is able to eliminate, for example,
legislative barriers or authorization requests from authorities, which streamline the
process of agile pilots. Interviewee 5 emphasized that stakeholders® experience con-
tributes to the success of agile pilots and willingness to participate in pilot activities.

Interviewees 5 and 6 represented Smart Kalasatama residents. Both residents con-
sidered agile pilots to be beneficial and had a positive attitude towards technology
experimentations. The possibility of influencing and being involved in the Smart Kal-
asatama development was a major reason for attending agile smart city pilots. Inter-
viewee 6 mentioned that certain pilot solutions improved his quality of life. However,
both Interviewees 5 and 6 agreed that they would like to receive information regard-
ing the service after the experimentation period is over. They stated that they would
like to know whether a beta version of the service or solution will be provided and
improved upon and whether it would be available later on.

Due to lack of time and resources, this research did not include the experienced
stakeholder value from developers who conducted the agile pilots. Developer data
would have enriched the research in terms of stakeholder value. Similarly, the experi-
enced stakeholder value from Helsinki open data is limited to Interviewees 3 and 4.
From their perspective, public city data has increased transparency and is expected to
increase civic participation and bottom-up urban development. Other benefits that the
city has received from open data are internal savings and resource efficiency, as data
is ubiquitously available for all. The third benefit mentioned by these interviewees is
the hope that the provision of open data stimulates new business and improves the
competitiveness of the companies in Helsinki and Finland. However, clear evidence
of new business was not present.

6 Summary

Digital transformation is a multifaceted long-term process that influences an organ-
ization’s structures, processes, resources, capabilities, and stakeholders. This paper
presented a framework for smart city design that was applied to the development of
the Helsinki smart city. The smart city design framework considered the Helsinki
smart city through four dimensions: strategy, technology, governance, and stakehold-
ers— and their sub-dimensions (Fig. 3). Each dimension is scaled from 0 to 3. Value
0 indicates no activities, value 1 indicates moderate performance, value 2 indicates
good performance, and value 3 indicates excellent performance.
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Figure 3 The development of the Helsinki smart city through four dimensions

In the case of Helsinki, specific digital or smart city strategy is missing, but a valid
city-wide strategy for the period 2017-2021 supports city development through digi-
tal technologies. Interviewee 2 indicated that the smart city will be the new normal,
which implies that digitalization and digital technologies are a natural part of urban
development. The Helsinki city strategy emphasizes digitalization, user-centric devel-
opment, civic society engagement, and agile technology pilots. In order to support
digital transformation Helsinki has recently hired a Chief Digital Officer to ensure
robust digital transformation and smart city delivery in diverse city domains. Helsinki
also educates and trains its personnel in modern digital technologies, but not all city
divisions have sufficient resources to fully implement digital technologies.

Further, Helsinki aims to develop the entire city as a platform where new and crea-
tive city solutions are developed and experimented with. In order to achieve this ob-
jective, Helsinki has established a separate innovation unit called the FVH Ltd., for
agile digital technology testing and smart city development. The aim of the FVH is to
activate digital innovation and organize agile technology experimentations in diverse
areas in Helsinki. In addition, Helsinki has managed to create a specific experimenta-
tion culture for novel digital technologies like 10T solutions and data usage within
diverse city organizations. The city has initiated numerous initiatives to exploit exist-
ing data series from different city organizations. Helsinki Region Infoshare (HRI), an
open city data platform, is an example of the work Helsinki has committed to in terms
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of promoting and using data in the development of a smart city. The HRI platform
systematically releases open city data sets and interfaces for public use. In order to
avoid emergence of data silos and enhance data horizontality, Helsinki aims to har-
monize its ICT infrastructure and eliminate the barriers that prevent cross-border data
flows among city organizations. Security and privacy issues are of relevance and, in
certain cases, may prevent extensive use and publication of city data.

A major proportion of the development work for the Helsinki smart city is short-
term and project-based. The FVH, as a separate innovation unit, orchestrates individ-
ual smart city projects and facilitates agile technology pilots in practice. In addition to
quadruple helix collaboration, FVH and other Helsinki city organizations develop
smart city solutions that are relevant for the city, citizens, and other actors in the city.
The development of a smart city in Helsinki is rather scattered, which makes the gov-
ernance of the smart city slightly confused. A clear connection between short-term
agile experimentations and long-term smart city development is difficult to discern.
However, smart city initiatives and pilots, particularly in Smart Kalasatama, are con-
sidered valuable for city stakeholders, such as residents and city authorities. Smart
Kalasatama residents expressed that agile pilots are beneficial, but they would have
liked to receive information about the solution after the pilot was completed. Further,
due to time limitations, stakeholders that develop smart city solutions were not in-
volved in this research.

Numerous Helsinki smart city initiatives are funded through diverse EU funds,
Helsinki city, and private organizations. The metrics to measure the outcomes of
smart city initiatives are determined by funding organizations, but no international
standards for smart city activities are applied in Helsinki. In addition, empirical data
did not reveal information about the metrics used to measure the city-level digital
transformation process.

7 Conclusion

Digital transformation is a complex and long-term process, which influences an or-
ganization’s structures, processes, resources, capabilities, and stakeholders. Digital
transformation is all the more embedded in social areas that influence all aspects of
human life (Stolterman & Fors, 2004). This paper presented a framework for smart
city design. This framework shed light on the elements that are relevant for robust
smart city implementation and enhanced effectiveness of smart city governance and
quadruple helix collaboration. The framework was applied to the Helsinki smart city
and considers smart city initiatives from the four major dimensions of strategy, tech-
nology, governance, and stakeholders, as well as their sub-dimensions. Helsinki does
not have a specific smart city or digital strategy, but the city-level strategy considers
digitalization and user-oriented urban development as one of the areas that is accord-
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ed priority. In the future, a smart city may be considered the new normal, thereby
implying that digital technologies and data are embedded in urban development.
However, specific smart city or digital strategies might enhance digital transformation
and clarify the governance and investment needs for the development of a smart city.
In addition, a specific smart city strategy could consider how to integrate agile tech-
nology pilots with city-level strategic projects and procurements and, thus, also accel-
erate the socio-economic aspect of the development of a smart city.

The agile smart city pilots applied in Helsinki have engendered a strong experi-
mentation culture in Helsinki, which has proven to be an efficient means to enhance
socio-technical systems and technology acceptance within the city. Moreover, the
quadruple helix collaboration is a well-accepted form for agile pilots and smart city
implementation in Helsinki. Drawing closer attention to value-creation aspects might
improve the satisfaction of stakeholders and, thus, the robustness and duration of
smart city initiatives. Applying international smart city standards would improve the
analysis and results of smart city implementations.
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