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ABSTRACT 
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Smart urban development has been presented in the literature as a solution to the challenges 

posed by population growth, as well as to sustainability problems in urban areas. In a smart 

city, the region, its services, and its residents’ quality of life are developed sustainably 

through the opportunities offered by information and communication technology (ICT). In 

addition to technological improvements, innovation must extend to the systemic level to 

achieve sustainability, where several stakeholders are together creating solutions.  This 

study aims to find out how a smart city supports sustainable urban development, assess the 

state of development of Lappeenranta as a smart city, and provide suggestions on how 

Lappeenranta could further develop sustainable intelligence. 

In this study, central components and indicators assessing smartness of a city are 

discovered, and development state of Lappeenranta city is defined based on qualitative 

secondary data. The data were collected from the material provided by the City of 

Lappeenranta and from documents describing the general state of development in Finland. 

Based on the literature, the components and indicators were divided into areas that promote 

smart development and increase the city’s sustainability. 

The results of this study indicate that by increasing the city's intelligence, innovation 

activities and thus sustainable urban development could be effectively supported while 

increasing the perceived quality of life. This could be done through an interactive 

innovation platform where residents, businesses, and other stakeholders could highlight 

development areas and work together to create smart solutions to the region’s problems. 

Lappeenranta's current strategic goals strongly support the growth of the city's intelligence. 

In particular, the city’s environmental goals push the city to make smart development. This 

study found that Lappeenranta is well equipped to promote smart urban development, 

especially on the basis of IT skills and the general level of education. The city has also 

introduced many sustainable and smart solutions, which is supported by the Residents’ 

level of IT skills and the prevalence of smart devices. In the future, the city should focus 

on collaborative problem-solving and innovation as a promoter of sustainable development 

and comprehensive intelligent solutions.  



 

 

TIIVISTELMÄ 

Lappeenrannan-Lahden teknillinen yliopisto LUT 

School of Engineering Science 

Tuotantotalouden koulutusohjelma 

 

Elisa Rantala 

 

Älykäs kaupunki kestävän kehityksen edistäjänä 

 

Diplomityö 

2021 

103 sivua, 17 kuvaa ja 26 taulukkoa 

Tarkastajat: Professori Ville Ojanen ja tutkijatohtori Nina Tura 

 

Hakusanat: älykäs kaupunki, kestävä innovaatio, kestävä kaupunkikehitys, 

älykkään kaupungin mittarit, älykkään kaupungin komponentit, älykkään 

kaupungin arviointi 

 
Älykästä kaupunkikehitystä on esitetty kirjallisuudessa ratkaisuna väestönkasvun 

aiheuttamiin haasteisiin, sekä kestävyysongelmiin urbaaneilla alueilla. Älykkäässä 

kaupungissa aluetta, sen palveluja, sekä asukkaiden elämänlaatua kehitetään kestävästi 

tietotekniikan (ICT) tarjoamien mahdollisuuksien avulla. Kestävyyden saavuttamiseksi 

innovaatioiden tulee ulottua teknologisten parannusten lisäksi systeemiselle tasolle, jossa 

useat sidosryhmät ovat yhdessä osana ratkaisuja. Tämän tutkimuksen tarkoituksena on 

selvittää, kuinka älykäs kaupunki tukee kestävää urbaania kehitystä, arvioida 

Lappeenrannan kehitystilaa älykkäänä kaupunkina, sekä arvioida kuinka Lappeenrannan 

kestävää älykkyyttä voitaisiin kehittää kestävyyden tukemiseksi.  

 

Tutkimuksessa selvitettiin kirjallisuuden pohjalta kaupungin älykkyyttä mittaavat 

keskeisimmät komponentit ja indikaattorit, joiden kontekstissa Lappeenrannan kaupungin 

kehitystilaa analysoitiin tutkimusta varten kerätyn laadullisen datan perusteella. Data 

kerättiin Lappeenrannan kaupungin tarjoamasta materiaalista, sekä osittain Suomen yleistä 

kehitystilaa kuvaavista dokumenteista. Kirjallisuuden perusteella komponentit ja 

indikaattorit jaettiin älykästä kehitystä edistäviin, sekä kaupungin kestävyyttä itsessään 

lisääviin osa-alueisiin.  

 

Tutkimuksen tulosten mukaan kaupungin älykkyyttä lisäämällä innovaatiotoimintaa ja sitä 

kautta kestävää kaupunkikehitystä voitaisiin tukea tehokkaasti, lisäämällä samalla koettua 

elämänlaatua. Tämä voisi tapahtua interaktiivisen innovaatioalustan kautta, jossa asukkaat, 

yritykset, sekä muut sidosryhmät voisivat tuoda esiin kehityskohteita ja luoda yhdessä 

älykkäitä ratkaisuja alueen ongelmiin. Lappeenrannan tämänhetkiset strategiset tavoitteet 

tukevat vahvasti kaupungin älykkyyden kasvua. Erityisesti kaupungin 

ympäristönsuojeluun liittyvät tavoitteet puskevat kaupunkia tekemään älykästä kehitystä. 

Tutkimuksen perusteella Lappeenrannalla on hyvät valmiudet älykkään 

kaupunkikehityksen edistämiseen varsinkin tietoteknisen osaamisen ja yleisen 

koulutustason pohjalta. Kaupunki on myös ottanut käyttöön useita kestäviä ja älykkäitä 

ratkaisuja, joiden käyttöönottoa tukee asukkaiden tietoteknisen osaamisen taso ja 

älylaitteiden levinneisyys. Tulevaisuudessa kaupungin tulee keskittyä yhteistyöhön 

perustuvaan ongelmanratkaisuun ja innovointiin kestävän kehityksen edistäjänä, sekä 

monipuolisten älykkäiden ratkaisujen tarjoamiseen. 
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1 INTRODUCTION 

 

During the latest years urbanization and the development of Information and 

Communication Technologies (ICT) have become a global phenomenon (Cocchia, 

2014). Currently, 55% of the world’s population and an average of 81% of the 

population of high-income countries live in cities (The World Bank, 2020), and the 

share of the urban population is constantly growing (World Health Organization, 

2020). The concentration of the population in relatively small urban areas brings 

with it challenges such as the adequacy of natural resources, pollution management, 

and the adequacy of infrastructure (Le-Dang & Le-Ngoc, 2018). Sustainable Urban 

Development (SUD) is crucial for developing urban living conditions while 

maintaining the existence of the ecosystem (Yigitcanlar & Teriman, 2014). The key 

challenge in SUD is to make the most effective use of available innovation capacity 

and resources to address sustainability issues and support change towards global 

sustainability (Westley et al., 2011). The smart city approach has been stated as a 

solution to the problems caused by population growth in urban areas (Silva et al., 

2018) and as a promoter of SUD (United Nations, 2017). This study aims to 

research how smart city approach is fostering SUD and to evaluate the smartness 

of the city of Lappeenranta. 

 

1.1 Background 

 

Achieving a sustainable state is essential for society to enable future generations to 

have proper living conditions on Earth (World Commission on Environment and 

Development, 1987). The practice of sustainable development recognizes how 

environmental health, social equity, and economic vitality are interlinked, complex, 

and require a systems approach (UCLA, 2021). This complexity poses challenges 

to urban development and innovation activities, and a smart city approach has been 

presented as a solution to this issue (United Nations, 2017).  

 

The key idea of a smart city is to improve urban space and services through the 

opportunities offered by advanced information-based technologies to increase the 
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quality of life (QoL) of the citizens (Department for Business Innovation & Skills, 

2013; Liao & Wang, 2018) while taking into account the effects on the natural 

ecosystem, the economy, and social well-being (ICLEI, 2020). Sustainability-

oriented innovation (SOI) is an innovation that creates social and environmental 

value in addition to economic returns (Adams et al., 2016). In smart cities, ICT is 

used to increase cooperation and information sharing between stakeholders in order 

to enhance the effectiveness of SOIs (Le-Dang & Le-Ngoc, 2018; Alfa et al., 2018; 

Marsal-Llacuna et al., 2015). At present, technology has matured enough to enable 

the emergence of smart cities (Le-Dang & Le-Ngoc, 2018; Mohanty et al., 2016), 

and currently, the interest in smart cities is increasing (Mora et al., 2020). The smart 

city concept is still not unanimously defined in the literature (Hollands, 2008; 

Mohanty et al., 2016), and clear pathways for how to become smart are not 

presented.  

 

Lappeenranta city has a strong green development agenda (Kuntalehti , 2020), and 

the most desirable future scenario for South Karelia is based on a shift in general 

values that fosters effective development, smart solutions, and innovation activities 

in the area (Etelä-Karjalan Liitto, 2017). A smart city development could support 

these goals and foster SUD. This thesis paves the way for the international Citizens 

as Pilots of Smart Cities (CaPs) research project. The aim of the CaPs project is to 

promote smart and sustainable urban development by increasing citizen 

participation in relevant city activities and SOI creation. The CaPs project examines 

barriers to citizen participation, processes and mechanism enabling participation, 

and how the participation could be facilitated. The project is funded by NordForsk. 

(Ahola et al., 2019). 

 

1.2 Objectives and scope 

 

Lappeenranta city is researched as a case city in this thesis. Lappeenranta has strong 

green targets for urban development, and the city won the European Green Leaf 

award in 2020 (Kuntalehti, 2020). This thesis aims to evaluate the smartness of the 

Lappeenranta city from the SUD perspective and develop propositions for 
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increasing the city’s sustainability through intensifying innovation activity through 

a smart city approach. Research questions and related objectives are introduced in 

Table 1. 

 

Table 1 Research questions and objectives of the thesis. 

Research question Objective 

RQ1: How smart city agenda support SUD? ➢ Clarify the smart city concept and 

components related to the concept 

➢ Define the connection between SOIs and 

SUD 

RQ2.1: What is the development state of 

Lappeenranta in the smart city context? 

➢ Define indicators for smartness 

➢ Assess current smartness of Lappeenranta 

city 

RQ2.2 How sustainable smartness of the 

Lappeenranta city could be enhanced? 

➢ Give suggestions for improvement based 

on the current situation and theoretical 

findings 

 

The study is qualitative in nature, and its central limitations are related to the data 

quality, and on the other hand, to the limited theoretical knowledge associated with 

the smart city development and assessment frameworks. Sustainability and 

smartness are not unambiguous concepts, and precise assessment methods are not 

defined in the literature. All qualitative data used in this study was not explicitly 

based on the situation in Lappeenranta, and some data represented the general 

situation in Finland. This data was still used as a basis for the reasoning because 

Finland is a relatively small country, and the general situation among Finnish cities 

can be seen similar enough to draw assumptions from Lappeenranta based on this 

data. 

 

1.3 Execution and structure of the thesis 

 

The research project consists of three main phases summarized in Figure 1. This 

research has been conducted between June 2020 and January 2021.  
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Figure 1 Execution of the study. 

 

The first part of the study is a literature review. The literature review aims to create 

a common understanding of the concept of a smart city and examine frameworks 

related to the concept. The second part of the literature review examines SOIs and 

the relationship between the smart city concept and SOI theory. Based on the 

literature review, a framework to evaluate the smartness of the Lappeenranta city is 

created. Empirical research focuses on the collection and presentation of qualitative 

data. Based on theoretical and empirical research, the smartness of the city of 

Lappeenranta is assessed, and proposals for increasing the smartness of the city are 

introduced in Chapter 6. 

 

The structure of the thesis is described in more detail by the input and output model 

in Table 2. The first chapter, the introduction, provides background for the study 

and introduces the main goals, limitations, and the rough structure. The next two 

chapters focus on presenting important literature in order to found answers to the 

research questions of this study. In chapter two, smart city concept and smart city 

assessment areas are examined to create the basis for an evaluation framework. 

Chapter 3 focuses on sustainability literature. Sustainability concept, sustainable 

development goals (SDGs), SOI, and SUD theories are researched to create a 

common understanding of concepts and frameworks associated with these areas. 

The aim of Chapter 3 is also to focus on a link between SUD, smart cities, and SOIs. 

Chapter 4 introduces more in detail how the study is conducted. Furthermore, data 

collection and analysis methods are justified and explained. 

 

 

1. Literature review

• Smart city 
definitions and 
components

• Smart city 
indicators and 
assessment 
framework

2. Qualitative data

• Lappeenranta city 
materials

• Data based on the 
general situation in 
Finland

3. Results

• Smartness of the 
Lappeenranta city

• Proposals for 
increasing 
smartness and 
promoting SUD

• Theoretical 
implications
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Table 2 The structure of the thesis. 

Input Chapter Output 

Background and motivation 

for the Thesis 

Chapter 1: 

Introduction 

Objectives, limitations, and 

structure for the thesis 

Smart city literature 
Chapter 2: 

Smart city theory 

Clarification of smart city 

concept, components, and 

indicators to enable smartness 

assessment 

SOI and SUD literature 
Chapter 3: 

SUD and SOI theories 

The connection between SUD, 

smart city, and SOI 

Define research context, 

methodology, data collection, 

and analysis 

Chapter 4: 

Methodology 

Description of the research 

methodology 

Qualitative data from 

Lappeenranta city 

Chapter 5: 

Results 

The situation in Lappeenranta 

in the sustainable smart city 

context 

Theoretical knowledge and 

data presented in this study 

Chapter 6: 

Analysis and discussion 

The smartness of the 

Lappeenranta city is evaluated, 

and recommendations for 

further research are given 

Assessment of the results 
Chapter 7: 

Conclusions 

Concluding remarks and 

theoretical and managerial 

implications 

 

Chapter 5 focuses on presenting gathered qualitative data that creates a base for the 

analysis and discussion conducted in Chapter 6. Based on the knowledge generated, 

research questions are answered, and recommendations for future research are 

made. The last chapter summarizes findings and answers to the research questions 

and presents managerial and theoretical implications.  
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2 SMART CITY 

 

The smart City concept was first mentioned already in 1994 (Dameri & Cocchia, 

2011), but there are still many different definitions of the concept of a smart city 

presented in the literature (Nam & Pardo, 2011; Mohanty et al., 2016). In this 

chapter, several definitions presented in the literature are reviewed, and 

characteristics for the concept are formed. The smart city concept has also many 

conceptual relatives, which are often used in an inconsistent way and mixed with 

the smart city concept (Nam & Pardo, 2011). Because of these obscurities, related 

concepts are also reviewed briefly in this study. After the concept of the smart city 

is studied, smart city components and indicators are researched and presented. 

 

2.1 Smart city as a concept  

 

Because there is no consensus in the literature on how to precisely define a smart 

city, some definitions from the literature are collected in Table 3, and key characters 

of the concept are defined based on this research. Definitions in the table are 

displayed in chronological order.   

 

Table 3 Smart city definitions from the literature. 

Smart city definitions from the literature 

“The vision of “Smart Cities” is the urban center of the future, made safe, secure, 

environmentally green, and efficient because all structures - whether for power, water, 

transportation, etc. are designed, constructed, and maintained making use of advanced, 

integrated materials, sensors, electronics, and networks which are interfaced with 

computerized systems comprised of databases, tracking, and decision-making 

algorithms.” (Hall, 2000, p. 1) 

“Smart cities will take advantage of communications and sensor capabilities sewn into 

the cities’ infrastructures to optimize electrical, transportation, and other logistical 

operations supporting daily life, thereby improving   the quality of life for everyone.” 

(Chen, 2010, p. 3) 
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“A smart city infuses information into its physical infrastructure to improve   

conveniences, facilitate mobility, add efficiencies, conserve energy, improve the 

quality of air and water, identify problems and fix them quickly, recover rapidly from 

disasters, collect data to make better   decisions, deploy resources effectively, and share 

data to enable collaboration across entities and domains.” (Nam & Pardo, 2011, p. 283) 

“Smart city is a high-tech intensive and advanced city that connects people, 

information and city elements using new technologies in order to create a sustainable, 

greener city, competitive and innovative commerce, and an increased life quality.” 

(Bakıcı et al., 2012, p. 139) 

“Smart cities are the result of knowledge-intensive and creative strategies aiming at 

enhancing the socio-economic, ecological, logistic and competitive performance of 

cities.” (Kourtit & Nijkamp, 2012, p. 93)    

“Smart cities have high productivity as they have a relatively high share of highly 

educated people, knowledge-intensive jobs, output-oriented planning systems, creative 

activities and sustainability-oriented initiatives.” (Kourtit et al., 2012, p. 232) 

Smart city is an urban development strategy that shows the way to achieve smart city 

future scenario. Smart city focuses on ways to enchance the life of the citizens with 

technologies and ways to enable citizens to using these technologies. Smart city is an 

urban innovation ecosystem. (Schaffers et al., 2012, p. 63)    

“But the concept is not static: there is no absolute definition of a smart city, no end 

point, but rather a process, or series of steps, by which cities become more “liveable” 

and resilient and, hence, able to respond quicker to new challenges.” (Department for 

Business Innovation & Skills, 2013) 

“Smart Cities initiatives try to improve urban performance by using data, information 

and information technologies (IT) to provide more efficient services to citizens, to 

monitor and optimize existing infrastructure, to increase collaboration among different 

economic actors, and to encourage innovative business models in both the private and 

public sectors.” (Marsal-Llacuna et al., 2015, p. 618) 

“The smartness of a smart city is conceptualized as the ambition to improve economic, 

social, and environmental standards of the city and its inhabitants.” (Mohanty et al., 

2016, p. 62)       
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“The smart city is primarily a concept. […] A smart city is a place where traditional 

networks and services are made more flexible, efficient, and sustainable with the use of 

information, digital, and telecommunication technologies to improve the city’s 

operations for the benefit of its inhabitants. Smart cities are greener, safer, faster, and 

friendlier. (Mohanty et al., 2016, p. 63) 

“[Smart] cities are transforming data and technology into tools to analyze, monitor and 

optimize urban systems as they strive towards environmental, economic and social 

sustainability.” (ICLEI, 2020) 

“A city in which issues limiting sustainable urban development are tackled by means of 

ICT-related solutions.” (Mora et al., 2020, p. 589) 

  

The first smart city definition used in this research (Hall, 2000) presents smart city 

primary as a tool to enhance the experienced quality of life (QoL) and efficiency of 

power, water, and transportation structures through computerized systems. Ten 

years later, the communication aspect is brought up by Chen (2010, p. 3), while 

Nam & Pardo (2011) mention resilience, data sharing, and collaboration between 

actors as key features in smart cities. Bakıcı et al. (2012) mention sustainability, 

innovation, and competitive commerce as central characteristics of smart cities. 

Kourtit & Nijkamp (2012) are also seeing competitive performance as an important 

part of a smart city, and they are mentioning all three aspects of the triple bottom 

line in their definition, including environmental, social, and ecological ones. 

Innovativeness is incorporated in this definition by stating knowledge-intensive and 

creative strategies as distinguishing factors in smart cities. 

 

Kourtit et al. (2012) mention educated people and creativity as a source for high 

productivity in smart cities. Schaffers et al. (2012) are stating the smart city 

approach as a strategy for urban development and describing the smart city as an 

urban innovation ecosystem. Innovation ecosystem constitutes of actors, activities, 

and institutions and their relations that are important for the innovative performance 

of an actor (Granstrand & Holgersson, 2019). This definition is stating smart city 

not only as an outcome but also as a plan on how to reach innovative future city 

scenario. Department for Business Innovation & Skills (2013) notice the challenge 
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with the definition of the smart city in the literature.  Department for Business 

Innovation & Skills (2013) is also seeing the smart city as a process that leads to 

better QoL in the cities while increasing the resilience. Marsal-Llacuna et al. (2015) 

sums data, communications, and technology together as IT in their definition and 

state IT as an enabler to increase efficiency through optimization. Collaboration and 

innovative business models are mentioned in the definition as critical aspects of 

smart cities. Mohanty et al. (2016) and ICLEI (2020) are not adding much to the 

previous definitions but are stressing the triple bottom line viewpoint in the 

definitions. Characteristics of the smart city definitions are collected in Figure 2. 

 

Figure 2 Characteristics of a smart city based on definitions from Table 3. 

 

•A concept

•A future scenario

•An urban development strategy

•A place

•An innovation ecosystem

A smart city is

•Technology

•Data

•Knowledge

•Networks

•Information

•IT

•Educated & creative citizens

That utilizes

•City operations

•Sustainability (economic, social, and 
environmental aspects)

•Innovativeness

•Creativity

•Productivity/Efficiency

•Flexibility/Resiliency

•Education among citizens

•Collaboration

•Resource efficiency

To improve

•Better quality of life

•Better place to live (faster, greener, friendlier city 
with better air quality) for citizens.

So it can offer
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The smart city characteristics are divided into four sections: 1. What is a smart city?, 

2. What are the enablers?, 3. What smart city approach aims to improve in urban 

areas?, and 4. What does the smart city approach offer for citizens? Different 

sources are having some variation related to the first section, but fortunately, these 

definitions are not excluding each other. Smart cities are improving a wide range of 

operations in the cities, and nowadays, the sustainability aspect is also seen as 

central in the concept. There is an agreeing among the sources that the goal of the 

smart city is to offer better QoL for the citizens. It can be concluded based on Table 

3 and Figure 2 that a city can be smart when connected technologies enable the 

usage of data to optimize city operations, fuel growth, and utilize educated and 

innovative citizens to create more sustainable ways to operate and improve QoL in 

urban areas through innovation. Generally, in a smart city, traditional networks and 

services are made more efficient by digital and telecommunication technologies to 

benefit inhabitants and businesses (European Commission, 2021). For example, 

Amsterdam smart city is an innovation platform that enables companies, citizens, 

and other stakeholders to share innovative ideas and sustainable solutions to solve 

the areas challenges. (I Amsterdam, 2020). 

 

2.2 Conceptual relatives of smart city  

 

To better understand smart city concepts, this study focuses also on preceding 

concepts that have similarities with the smart city concept. Nam & Pardo (2011) 

have researched concepts related to the smart city subject field, and they have 

divided these partly similar concepts under three dimensions: technology, human, 

and institutional. The technology dimension includes digital, intelligent, ubiquitous, 

wired, hybrid, and information city concepts. The human dimension includes 

creative, learning, humane, and knowledge city concepts. The institutional 

dimension includes the smart community concept. (Nam & Pardo, 2011). These 

concepts and their definitions are collected in Table 4. 
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Table 4 Conceptual relatives of the smart city (Nam & Pardo, 2011). 

Dimension Concepts Definition 

Technology Digital city A community that is based on digital communications 

infrastructure that connects organizations, social groups and 

enterprises, and allows/enables collaboration and innovative 

services to fulfill the needs of all inhabitants in the city. Digital city 

serves all functions of the city, including work, housing, and 

environment. 

 Intelligent 

city 

Intelligent city utilizes information technology like the digital city, 

but human and social capital like knowledge and creativity are seen 

as the most valuable assets. Characteristic from the digital city is 

used to support the development of the human and social capital. 

Every intelligent city is a digital city, but not every digital city is 

intelligent. The intelligent city focuses on research and technical 

innovations and acts as a foundation for innovative industries. 

 Virtual city 

 

At Virtual city, physical space and cyberspace are connected, and 

city functions are implemented in cyberspace. 

 Hybrid city Consist of virtual and material spaces simultaneously, which 

causes the impact of physical distance and place to decrease. 

 Ubiquitous 

city 

Extension of a digital city, where ubiquitous computing is 

available for people, buildings, and infrastructure. It aims to build 

an environment that enables citizens to get any service anytime 

through any device. While virtual city aims to create visual 

versions of the urban element to virtual space, Ubiquitous city has 

built-in chips or sensors in those elements. 

 Wired city “Wired cities (Originally from Dutton, 1987) refer literally to the 

laying down of cable and connectivity (not in itself necessarily 

smart)” (Hollands, 2008, p. 306) 

 Information 

city 

At information city, digital environments are collecting 

information that is used in advance for inhabitants, that are enabled 

to do basically everything on the internet. 

Human Creative 

city 

Creative city is one of the smart city visions, where human 

infrastructure (i.e., creative occupations and workforce, 

knowledge networks, voluntary organizations, crime-free 

environments, after-dark entertainment economy) is in the center 

of city development. 

 Humane 

city 

A smart city is a humane city that focuses on exploiting human 

potential through education. Creative individuals are 

implementing a new creative culture that is a driver of urban 

development that benefits everyone. 
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 Learning 

city 

A smart city is also a learning city that focuses on learning to be 

smart and improve competitiveness by building a skilled 

information economy workforce.  

 Knowledge 

city 

Knowledge city is similar to a learning city, and it is designed to 

focus on improving knowledge and innovation activities. 

Knowledge-based urban development is seen as a mechanism to 

create knowledge cities. 

Institutional Smart 

community 

Smart community stakeholders are working towards shared 

interests by using information technology to enhance the 

circumstances of the community and solving social and business 

needs. Technology is not the key, but it is helping with reinventing 

the economy and society. 

 

 

Concepts under the technology dimension stress connectedness offered by physical 

and virtual applications of the technology. The focus is on information sharing and 

on possibility to transfer daily operations to digital form to make life easier for 

citizens and to help physical city to handle growing population. The human 

dimension focuses on citizens as a source of creativity and thus as an enabler of the 

increased QoL. Individuals' potential is exploited by educating citizens and 

increasing creativity in the city that gives rise to increased innovativeness and 

beneficial urban development. Smart community as a subset of institutional 

dimension uses technology only as one tool among others to build a better 

community.  

 

Recently the popularity of the Smart city term has exceeded other similar terms 

(Google Trends, 2020). The smart city is an umbrella term that includes 

characteristics of the conceptual relatives outlined in Table 4  (Figure 3). The smart 

city is wider concept than other ones and this is explaining the growing interest 

towards the concept (Nam & Pardo, 2011). 
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Figure 3 Relationship between the smart city concept and its conceptual relatives. 

 

2.3 Smart city components 

 

As the definitions of the smart city are varying among literature sources, also 

components linked to smart cities vary (Nam & Pardo, 2011; Mohanty et al., 2016; 

Das et al., 2019; Thuzar, 2011). Smart urban components promote smart problem 

solving and provide opportunities to create a smart society (Das et al., 2019). 

Components make cities smart (Mohanty et al., 2016; Nam & Pardo, 2011) and are 

crucial for understanding and developing smart cities (Joshi et al., 2016). Because 

even systematic literature reviews disagree on what the components of a smart city 

are, five studies (Nam & Pardo, 2011; Mohanty et al., 2016; Das et al., 2019; 

Thuzar, 2011; Gil-Garcia et al., 2015) from this ground are evaluated and processed 

to form a better understanding of core factors around smart cities.  
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Nam & Pardo (2011) are dividing smart city components under technology, 

institutional and human components (Figure 4). Based on their study, when all of 

these components are considered as smart, a city can be stated as a smart city (Nam 

& Pardo, 2011). 

 

Figure 4 Smart city core components under three categories (Nam & Pardo, 2011). 

 

Gil-Garcia et al. (2015) have also researched smart city components based on 

previous studies. Gil-Garcia et al. (2015) introduced ten components that are 

divided under four dimensions: government, society, physical environment, and 

technology and data (Figure 5). Based on their study, technology (ICT) and data are 

enabling other components to be smart (Gil-Garcia et al., 2015). 
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Figure 5 Smart city components under four dimensions (Gil-Garcia et al., 2015). 

 

Das et al. (2019) have identified eight smart components related to smart cities 

called smart infrastructure, smart environment, smart services, smart governance, 

smart people, smart living, smart transportation, and smart economy. Mohanty et 

al. (2016) present nine key components for the smart city in their study and state 

that there are also more components in smart cities than these. They have named 

components as infrastructure, buildings, transportation, energy, health care, 

technology, governance, education, and citizens. Mohanty et al. (2016) divide 

infrastructure to physical infrastructure (buildings, roads, power lines etc.), ICT 

infrastructure (glues together all the other components), and service infrastructure, 

which is based on the physical infrastructure of the city but might have some ICT 

components as well. Joshi et al. (2016) introduce the SMELTS framework that 

demonstrates relations between social, management, economic, legal, technology, 

and sustainability pillars (Figure 6). 

Government

•Public services

•City administration & management

•Institutional arrangements

Society

•Governance, engagement & 
collaboration

•Human capital & creativity

•Knowledge economy & pro-
business environment

Physical environment

•Build environment & city 
infrastructure

•Environmental sustainability & 
ecological sustainability

Technology & Data

•ICTs & other technologies

•Data & information

Smart city
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Figure 6 SMELTS Framework for smart city initiative (Joshi et al., 2016). 

 

Based on their study, every factor is affecting and is affected by other factors. Still, 

factors in the inner circle are having a more significant impact on smart city 

initiatives, and outer circle factors might get influenced by the inner factors before 

impacting smart city initiatives. 

 

Different literature sources introduce various smart city components, and even the 

question of how to call these “components” is not agreed on among different 

sources. These different categorizations are collected in Table 5 and based on 

definitions given in the researched sources, these components are evaluated and 

grouped based on their similarities to create consensus. Smart city components 

mentioned in different literature sources are partly overlapping but do have some 

resemblance. Nam & Pardo (2011) noted confusion between visions and 

components related to smart cities. They argue that concepts and success factors 

have not been discussed with comprehensive understanding, and discussion in the 

literature has been mainly focusing on what they call smart city visions (e.g., smart 

transportation, smart mobility, smart environment, smart energy, smart safety etc.) 
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and Das et al. (2019) have named similar subsets (smart economy, infrastructure, 

environment, services, governance, people, living, transportation) as components 

of a smart city.  

 

Table 5 Concluded smart city components. 

Das et al., 2019 Joshi et al., 2016 Mohanty et al., 

2016 

Nam & Pardo, 

2011 

Gil-Garcia et al., 

2015 

Concluded 

components 

8 components 6 pillars 9 components 

(infrastructure 

divided into 3 
sub-components) 

10 components 10 components Components 

Hard 

infrastructure 
(ICT-based 

infrastructure) 

Technology Technology Smart 

technologies 

ICT and other 

technologies 

Technology 

Mobile 

technologies 

ICT 

infrastructure 

Virtual 

technologies 

Digital networks 

People Social Citizens Human 

infrastructure 

Human capital 

and creativity 

Human 

Education Social capital 

(knowledge & 
creativity) 

Transportation  Transportation  Public services Public services 

Services Service 

infrastructure 

Health care 

Hard 

infrastructure 

(non-ICT-based 
infrastructure) 

 Physical 

infrastructure 

Physical 

infrastructure 

Build 

environment and 

city 
infrastructure 

Physical 

Infrastructure 

Buildings 

Energy 

Environment Sustainability   Environmental 

sustainability 

and ecological 

sustainability 

Natural 

environment 

Governance Legal Governance Policy 

 

Administration 

and management 

Governance 

Governance 
 

Policies and 
institutional 

arrangements 
Management 

Regulations/dire
ctives 

Governance, 
engagement, and 

collaboration 

Economy Economy   Knowledge 

economy and 
pro-business 

environment 

Economy 

Living     More like an 
outcome: QoL 

    Data and 

information 

Included in all 

components 

 

In this research, “components” are used as a common term for these subsets. Based 

on studied articles, seven components for the smart cities were found: technology, 

human, public services, physical infrastructure, natural environment, governance, 

and economy. 
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Nam & Pardo (2011) describe technology as one of three categories in the smart 

city, including physical infrastructure, smart technologies, mobile technologies, 

virtual technologies, and digital networks. In this study, physical infrastructure is 

grouped with other physical infrastructure components, and four other components 

are left to the technology category. Gil-Garcia et al. (2015), Mohanty et al. (2016), 

and Joshi et al. (2016) have described technology, or technology and ICT as one 

component of the smart city. Based on Gil-Garcia et al. (2015), technology includes 

interconnected computing networks and virtual technologies. Mohanty et al. (2016) 

include green energy resources, sustainable transportation, and ICT infrastructure 

under the smart technology category, but only ICT infrastructure and technology 

are grouped under the technology component in this study. Joshi et al. (2016) 

include connected devices and ICT under technology components. They state that 

these technologies are building an operational frame for all the smart city functions, 

management, and decision-making components. In addition, they argue that these 

technologies are essential drivers for smart city development. Das et al. (2019) do 

not mention technology as a smart city component, but it is included to application 

areas of the smart cities, and technology is noted as an important part of a smart 

city development that cannot be detached from any smart city component. It can be 

concluded that the technology aspect is central as an enabler for other smart city 

components (Gil-Garcia et al., 2015), and technology (beside institutional and 

human factors) has also been described as a powering factor for smart city visions, 

like smart transportation, environment, health care, education, safety, energy, and 

other policy domains (Nam & Pardo, 2011). ICT infrastructure is also mentioned 

as a key enabler for smart cities (Mohanty et al., 2016). In smart city, quality of 

services (QoS), resource utility, cost-effectiveness, sustainability, and QoL are 

enhanced by utilizing technology (Le-Dang & Le-Ngoc, 2018) that allows 

communication and data sharing among people and machines (Attahiru et al., 

2018). Critical technologies in smart cities in the context of ICT are IoT, CPS, BD, 

5G, and WSN (Le-Dang & Le-Ngoc, 2018). A smart city is also mentioned as one 

of the applications of the Internet of Things (IoT), which includes data generation 

and acquisition, data management and processing, and application handling (Silva 

et al., 2018). 
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The human component is noted in all five literature sources, but it is named 

differently in all of them. Joshi et al. (2016) included education under the social 

component. Das et al. (2019) see that development of the human component is 

increasing creativity and powering innovation creation in the smart city. Nam & 

Pardo (2011) divide the human component into human infrastructure (creative 

occupations and workforce and knowledge networks) and social capital (knowledge 

& creativity), but in this study, these components are both included under the human 

component. Gil-Garcia et al. (2015) included people, education, learning, and 

knowledge to human capital and creativity component.  

 

Gil-Garcia et al. (2015) included transportation, health and social services, and 

culture under the public services component. Transportation and health care 

components from Mohanty et al. (2016) and Das et al. (2019) are included in this 

category as well. Das et al. (2019) include the use of sensors and smart grid 

technologies to facilitate city infrastructure including for example water and energy 

networks, streets, and buildings as physical infrastructure. Mohanty et al. (2016) 

include buildings, roads, and power lines under the physical infrastructure, and Gil-

Garcia et al. (2015) have included roads, buildings, electrical lines etc. under the 

built environment & city infrastructure component. Joshi et al. (2016) do not 

mention infrastructure as a smart city component, but it is included in the smart city 

definition in their article. They state that smart city is a city that can monitor and 

optimize its physical infrastructure. The natural environment component focuses 

on a responsible use of natural resources (Gil-Garcia, et al., 2015). Smart 

environment utilizes innovations, sensors, and ICT to control pollution, protect 

natural resources, and manage waste (Das et al., 2019). Economical sustainability 

could also be seen as a self-evident part of smart cities, and it could be included 

automatically in all smart city operations. 

 

Governance was mentioned in some form in all sources, but titles were varying. 

Nam & Pardo (2011) categorize governance, policy, and regulations under 

institutional factors of the smart cities. This means that policy and governance 
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should be favorable for smart city development in order for a smart city to succeed. 

Joshi et al. (2016) introduce legal and management components. Management is 

participating citizens and making more efficient decisions by creating ICT-based e-

government, and the legal component is cooperating with laws and regulations. Das 

et al. (2019) introduce only the smart governance component related to this 

component. It included service delivery and resource utilization that respects 

government policy. Mohanty et al. (2016) describe governance component of the 

smart city as an ability to administer policies and administer other elements. Gil-

Garcia et al. (2015) argue that city administration and management have a 

significant impact on how well the smart city initiatives are fostered. Policies and 

other institutional arrangements include laws, regulations, and norms that are 

important to be supportive for overall smart city development. Governance, 

engagement, and collaboration components include e-governance, stakeholder 

engagement, and overall collaboration.  Components in this category were diverse, 

but at the same time, had much in common and were all included under the 

governance component.   

 

Joshi et al. (2016) included economic competitiveness, innovation activity, 

entrepreneurship, job creation, and efficiency under the economy component. They 

also mentioned workforce development and improvement as part of this 

component. This was not explained further but could also be seen related to the 

education component, and thus it could also be seen under the social component of 

smart cities. Das et al. (2019) state that the economy is smart when innovation and 

technology improve employment rate and business growth in the city. Gil-Garcia 

et al. (2015) mention the knowledge economy and the pro-business environment as 

one component that is categorized under the economy component in this study. 

Smart living includes advancements that improve the quality of life of citizens, and 

in this research, it is seen as a result rather than a component of a smart city (Das et 

al., 2019). Data and information component include data management, processing, 

and sharing through ICTs, and it is seen as an inseparable part of smart city 

operations (Gil-Garcia et al., 2015). For that reason, it is not stated as one of the 
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final components in this study. Smart city components used in this study and 

development areas included under the components are presented in Table 6. 

 

Table 6 Smart city components and included areas. 

Smart city component Included areas 

Technology Smart technologies, mobile technologies, virtual 

technologies, and digital networks. Interconnected 

computing networks, virtual technologies, ICT, IoT, 

CPS, BD, 5G, and WSN. 

Human Education, creative occupations, social capital 

(knowledge & creativity), and workforce and 

knowledge networks. 

Public Services Transportation, health and social services, and culture. 

Physical Infrastructure Water and energy networks, streets, buildings, and 

power lines. 

Natural Environment Pollution control, natural resource protection, and 

waste management. 

Governance Governance, policy, laws, and regulations. 

Economy Economic competitiveness, innovation activity, 

entrepreneurship, job creation, and efficiency. 

 

2.4 Smart city indicators 

 

But what makes these components smart? (Sharifi, 2019) analyzed 58 smart city 

assessment schemes and researched indicators related to smart cities. In this thesis, 

the most popular indicators (mentioned in at least 39 % of sources researched in the 

study made by Sharifi) are included in Table 7. Indicators are divided into seven 

smart city components presented in this study (Table 6). It is important to note that 

only a few indicators were mentioned in more than 60% of the sources, so the 

variability of the indicators for smart cities is large among different sources (Sharifi, 

2019). 

Table 7 Most popular smart city indicators (Sharifi, 2019). 

Component Indicators 

Technology 

 

 

Availability of IT and digital infrastructure (Wi-fi networks, wireless 

hotspots, etc.) 

 

Fixed and wireless broadband subscriptions (% of population) 
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Socio-economic accessibility to digital technologies, ICT affordability 

 

Quality of internet service (e.g., download and upload seeped) 

 

Availability of broadband internet and fiber-optic channels, etc. 

 

Integrated platform for real-time smart city operation and management 

 

Information privacy and security management, digital security 

(against hackers, etc.) 

 

Physical accessibility of IT infrastructure (Wi-fi networks, wireless 

hotspots, etc.) 

 

Infrastructure, systems and strategies for data collection (sensing, 

mining, etc.) 

 

Strategies and infrastructure for timely data communication, sharing, 

and reporting 

 

Human 

 

Percentage of population with tertiary-level education 

 

Public 

Services 

 

 

Public transport system and its quality, diversity, and multi-modality 

 

Performance, safety, and efficiency of public transportation 

 

Income level /income inequity (Gini coefficient) 

 

Affordable and sustainable access to services and utilities 

 

Community safety and crime rate (e.g. no. of crimes per 100,000 

inhabitants) 

 

Using technology and ICT for crime prediction, prevention and control 

 

Ethnic, cultural, and gender equality (income, access to opportunities, 

etc.) 

 

General well-being (life expectancy, morbidity and mortality rates, 

etc.) 

 

Real-time information about transit services and parking 

 

Share of total trips made by active (non-motorized)/public transport 

modes 

 

Individual safety and security (e.g., number of deaths attributable to 

disasters, etc.) 
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Green transportation modes (e.g. percentage of green vehicles, EVs, 

etc.) 

 

Healthcare services and infrastructure per capita 

 

Use of ICT and smart technologies (e.g. RFID) for promoting well-

being 

 

Physical 

Infrastructure 

 

 

Road traffic efficiency, travel time, congestion levels, congestion 

management 

 

Sensing and monitoring for real-time, smart and automated traffic 

management 

 

Cycling infrastructure options and facilities 

 

Natural 

environment 

 

 

Air quality index/ pollution concentration levels (SO2, PM 2.5. PM 

10) 

 

Penetration level of clean and renewable energy sources 

 

ICT-enabled environmental monitoring infrastructure and activities 

 

Per capita GHG emissions ((CO2, N2O, CH4) footprint, 

concentration, etc.) 

 

Energy intensity of the economy (units of energy per unit of GDP)  

 

Efficient management and use of energy (buildings, public spaces, 

etc.) 

 

Using ICT for energy management, monitoring and saving (e.g., smart 

metering) 

 

Proportion of recycled waste (per total kilogram of waste produced/per 

person) 

 

Environmental/ecosystem protection activities and efforts 

 

Governance 

 

E-governance and online civic engagement and feedback system 

 

Availability and publication of data in an open format under open 

licenses 

 

Public participation and stakeholder engagement in decision making 

 

Governmental transparency 
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Open data platforms for making information (governmental, etc.) open 

to the public 

 

Shared architecture for multi-level governance and inter-agency 

collaboration  

 

Economic 

 

R&D expenditure 

 

Policies, programs, and plans for promoting entrepreneurship, 

creativity/innovation 

 

City’s employment/unemployment rate, measures to combat 

unemployment 

 

Rate of employment in knowledge-intensive sectors/ creative industry 

 

GDP per employed person 

 

ICT-enabled innovation leading to new businesses and market 

opportunities 

 

 

To find these indicators, Sharifi used keywords such as tool, toolkit, framework, 

index, and indicator set besides the “assessment schemes” to retrieve them from the 

Web of Science database. Schemes covering only one theme (e.g. smart mobility) 

were excluded, and only English sources were considered. The study is recent and 

published by Elsevier at Sustainable Cities and Society journal and it is thus seen 

as a reliable source to be utilized in this study. (Sharifi, 2019). 

 

Technological indicators focused mostly on the availability and quality of the 

Internet and ICT. Digital security was also mentioned among indicators. 52 % of 

sources mentioned integrated platform for real-time smart city operation and 

management. The smartness of human component is measured by the share of 

citizens with higher education in this thesis, and it does not include health and 

equality because component focuses on the citizens as a resource for development. 

Healthy, safety, and equality are included under public services because they are 

the objects of the made development. Public services, physical infrastructure, and 

environmental aspects are the ones that are increasing the QoL by themselves, and 

other components are just there to boost innovations and foster development in 
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those areas. Participation in governance-related indicators could also be grouped 

under the human component, but in this study, the human component is focusing 

more on measuring the creativity and knowledge of citizens, and the rate of 

participation in governance is assessed under the governance component. 

 

To improve the success related to the indicators, strategic directions and goals 

should be defined. Ahad et al. (2020) introduced a roadmap for sustainable smart 

cities that is adapted in Figure 7Error! Reference source not found.. These goals 

could be reached through innovation and a data management platform that could 

bring the potential and ideas of all citizens and companies together.  

 

Figure 7 Roadmap for sustainable smart cities adapted from Ahad et al. (2020). 

 

Launching an innovation platform such as the one launched in the Amsterdam smart 

city could foster development in all areas of the smart city. After the platform is 

launched, it is important to share the information and inspire the stakeholders to 

participate and share their ideas to solve complex sustainability challenges. Areas 
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presented in the roadmap could be a starting point with a smart city development 

project. Developing collaborations, monitoring, and management, engaging 

inhabitants, and improving feedback and communications system are potentially 

fostering local farming, biodiversity, renewable energy production, and green 

transportation. There could also be a need to install sensors to collect data to enable 

smart management operations in the city. Innovation platform could offer ideas 

about what data to collect and how to use it to increase the sustainability and QoL 

in the city.  
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3 SUSTAINABLE URBAN DEVELOPMENT  

 

Current business practices have led to a wide range of widespread environmental 

problems, such as climate change, pollution, and biodiversity loss (Westley et al., 

2011). This is described as one of the greatest failure of the market economy 

(Andrew, 2008). Some sources state simple solutions like carbon taxes as a solution 

to these major issues (Andrew, 2008), but it is also stated that a more systemic 

approach is needed to tackle increasing sustainability issues (Westley et al., 2011). 

Based on one popular model, the Kuznets curve, sustainability increases when a 

city shifts from an industrial to a service economy. In reality, this reduction in 

pollution is most often just based on externalizing environmental costs to other 

areas (Stamm et al., 2009) and as mentioned before, sustainability can be reached 

truly only at a global level (Adams et al., 2016). Solely technological innovations 

are not enough to reach a sustainable state fast enough, and therefore other 

approaches are also needed (Stamm et al., 2009). 

 

Innovation performance has been traditionally measured by economic 

competitiveness, and sustainability ideology has been widely neglected (Stamm et 

al., 2009; Kates et al., 2005). Widespread knowledge of climate change (Keivani, 

2010), limited natural resources (Kishor, 1977), and limited carrying capacity of 

the ecological system (Rachlow, 2008; Meadows et al., 1972) have brought up the 

importance of a sustainable approach in a development context (Beg et al., 2002).  

Despite the importance of sustainable development, the existing literature has not 

given a precise answer on what sustainability means or how it can be achieved 

(Gallopín, 2003; Adams et al., 2016). This chapter focuses on researching how the 

smart city approach could foster SUD through intensifying SOIs in the city. 

 

3.1 Sustainable development 

 

Sustainable development requires stimulating innovation, experimentation, and 

social creativity to reach more sustainable ways to operate (Gallopín, 2003).  
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“Sustainable development is development that meets the needs of the present 

without compromising the ability of future generations to meet their own needs.” 

 

(World Commission on Environment and Development, 1987) 

 

According to the previous definition, the main goal of sustainable development is 

to ensure satisfactory QoL for present and future generations (Prime Minister's 

Office, 2020; World Commission on Environment and Development, 1987). The 

definition from World Commission on Environment and Development (WCED) for 

sustainability has been universally approved, but there is no common understanding 

of how this goal should be attained (Barbier & Burgess, 2017). Also, since the 

Brundtland Commission (World Commission on Environment and Development, 

1987) first defined sustainable development, many alternative definitions have been 

used in the literature. The lack of a clear and fixed definition causes a risk that the 

term becomes fundamentally contradictory and enables the use of own alternative 

definitions, mostly based on the users’ needs. If the term can be redefined by the 

users, it becomes meaningless in practice and can even be used in greenwashing 

(Kates et al., 2005). Because of that, this study focuses on more profound levels of 

sustainable development and examines ways to achieve sustainability by enhancing 

innovation activities. 

 

One popular conceptualization of sustainability is based on Triple Bottom Line 

(TBL) thinking, in which businesses are exhorted to adopt a responsible approach 

and give equivalence to environmental, social, and economic dimensions in 

decision-making and corporate performance measuring (Figure 8) (Elkington, 

1997). Sustainable development (SD) has been criticized for being too poorly 

defined for practical use. There is a difficulty to put sustainable development into 

practice, also because of the lack of indicators. (Pupphachai & Zuidema, 2017).  



29 

 

 

 

 
Figure 8 Sustainable development in Trible Bottom Line context (Barbier & Burgess, 2017) . 

 

Members of the United Nations recognized the need for a more sustainable world 

in 2015, and 17 Sustainable Development Goals (SDG) (Figure 9) were set to 

promote sustainable development strategy (Annan-Diab & Molinari, 2017, UN, 

2020a). There are 231 global indicators related to SDGs used to measure the 

sustainability progress (UN, 2020b). 

 

 

Figure 9 Sustainable development goals (UN, 2020a). 

 

SDGs (Figure 9) include ending poverty and hunger globally by improving 

agriculture, nutrition, and food security, ensuring well-being, education, change for 
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lifelong learning, access to clean water and proper sanitation, and affordable and 

reliable energy sources for everyone, everywhere. Goals are also aiming towards 

equality among genders and countries, sustainable economic growth, better 

working conditions, resilient infrastructure, and a more innovative society. Making 

cities inclusive, safe, and resilient, promoting peaceful and inclusive societies, and 

effective, accountable, and inclusive institutions in sustainable manners are also 

mentioned as sustainable development goals, as making cities, consumption, 

production, use of natural resources and ecosystems more sustainable and taking 

urgent actions to combat climate change and its impacts. (UN, 2020a). 

 

A sustainable development approach can be captured in a Venn diagram that 

includes TBL dimensions and SDGs (Figure 10). Development is sustainable when 

the tradeoffs among the SDGs and all TBL dimensions are balanced. (Barbier & 

Burgess, 2017; Elkington, 1997; World Commission on Environment and 

Development, 1987; UN, 2015; Barbier & Markandya, 2013, p. 38).  

  

Figure 10 TBL approach to sustainability applied to the 17 SDGs (Barbier & Burgess, 2017). 

 

Trying to maximize one or two factors at the expense of others is not sustainable 

development and maximizing all at the same time is not usually possible. These 
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trade-offs between economic, social, and environmental system goals make 

sustainability appear as a systemic issue (Barbier & Burgess, 2017). A systems 

approach is needed because changing one thing usually affects other parts of the 

system (Beven, 2006). Thus, sustainability issues need to be treated as a whole 

instead of focusing on one component at a time (Catalan, 2018). However, the 

knowledge on how the tradeoffs among the aspects should be made to reach 

sustainability is lacking (Barbier & Markandya, 2013). To target sustainability 

goals effectively, there should be a systematic way to evaluate the impacts of 

actions towards these goals. Sustainability indicators are thus an important tool to 

support SD as they are guiding the decision process. (Yigitcanlar & Teriman, 2014). 

Reconciling social and environmental aspects of global sustainable development is 

still an unsolved challenge (Stamm et al., 2009).  

 

Nowadays, sustainable development is generally considered an important policy 

goal. Compensating environmental damage (weak sustainability perspective) is 

politically attractive because it demands only marginal changes for prevalent 

activities. Despite this, a healthy sustainability perspective is needed. This 

perspective should aim to prioritize environmental protection over economic and 

even social development. (Rydin, 2010). Sustainability should not be evaluated by 

global parameters, and localized parameters should be created for all factors based 

on the capabilities of the region (Ahad et al., 2020). Statistics Finland 

(Tilastokeskus) has defined 169 specific SD targets for Finland (Statistics Finland, 

2020a). 

 

3.2 Sustainability-oriented innovation 

 

Innovation simply denotes new actions and ideas that can be adapted into practice. 

Innovation is not limited only to generally new ideas and practices. Also, ideas that 

are new to the adopter are innovations in that context. (Nam & Pardo, 2011b). 

Innovation can be new or significantly improved product, (Klewitz & Hansen, 

2014) service, product-service systems (Hansen & Große-Dunker, 2013), process, 

marketing method, or organizational method that can be successfully utilized to 
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satisfy customers. (Klewitz & Hansen, 2014). Sustainability-oriented innovation 

(SOI) aims to create social and environmental value in addition to economic returns 

(Adams et al., 2016). The system we are operating in is so complex that sometimes 

innovations that are made for increasing sustainability are not increasing it in the 

end (Westley et al., 2011). As ways to achieve sustainability are not clear, there are 

also deficiencies in the SOI research and theories (Adams et al., 2016). 

 

Jay et al. (2015) state that innovation is sustainability-oriented when it is not a 

compromise between good for the system, good for the business, and good for the 

customer factors, but it performs well in all three aspects. They are presenting 

innovations that maximize performance only in two areas as innovation for niche 

or poor customers, regulation-driven innovation, and consumer-driven innovation 

(Figure 11).  

 

Figure 11 The Customer-Business-System constraints in SOI context (Jay et al., 2015). 

 

These aspects can be compared with traditional social, economic, and 

environmental aspects from the sustainability framework. When the net value of 
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SOI is considered, all parts of the innovation lifecycle must be assessed from 

economic, environmental, and social viewpoints. (Hansen et al., 2009). 

 

Jay & Gerard (2015) developed the categorization and introduced four innovation 

types based on a study from Ashford & Hall (2011) (Figure 12). 

 

 

Figure 12 Innovation types (Jay & Gerard, 2015) 

 

Based on their model, technological innovations are including only product, 

process, and system infrastructure innovations. Organizational innovation includes 

delivery and business model innovations (new business logic and new ways to 

create value for the stakeholders (Andreini & Bettinelli, 2017) including product-

service innovations), and institutional and social innovation types consist of 

production and consumption system innovations. None of these types is better or 

worse than another, but all four are having different ways to foster sustainability, 

and the combination and coordination of all these four together have the potential 

to lead to systemic changes and thus to sustainability. Specific challenges for SOIs 

and SD are creating effective cooperation networks where diverse and often 
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antagonist agents could work together. Definitions of the different innovation types 

are collected in Table 8. (Jay & Gerard, 2015). 

 

 

Table 8 Innovation types (Jay & Gerard, 2015). 

Technological 

Product: include 

incremental and radical 

improvements in 

environmental and social 

performance of the 

products and services or 

development of totally new 

goods. 

Process: Improvements in 

the manufacturing process 

without significantly 

changing the final product. 

System Infrastructure: 

Re-conception and 

reordering production and 

consumption chains. 

Organizational 

Delivery & Business Model: 

Any innovation at the “need 

fulfillment” model. Novel 

changes in and among 

organizations functions 

(R&D, product 

development, marketing, 

worder health, customer 

relations etc.) and business 

model innovations 

(including product-service 

innovations). Product-

service innovation is selling 

outcome instead of physical 

product itself (power by the 

hour). 

Institutional & Social 

Production & consumption 

system: Changing 

consumption preferences, 

for example incentives 

(taxes), regulations (laws), 

and cultural norms 

communicated through 

education and media. 

 

Ashford & Hall (2011) define institutional innovation as equivalent of 

organizational innovation in government organization and social innovation as 

novel stakeholder preferences and changes in the process affecting these changes. 

An institution can be seen as conventions, norms, and formal rules of a society that 

signal what is accepted. Considering this similarity, Jay & Gerard (2015) are 

treating institutional and social innovation in conjunction.  

 

Sustainable solutions are usually requiring more knowledge and cooperation with 

stakeholders beyond the boundaries of one organization. For example, open 

innovation, user innovation, co-creation, and co-innovation paradigms are utilizing 

stakeholders to solve problems and to create new solutions. (Goodman et al., 2017). 

Open innovation is one important tool related to SOI, as internal stakeholders are 

not always having all the knowledge related to ecological and social issues. 
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Interaction with stakeholder groups can lead to better solutions, particularly from a 

sustainability perspective. (Hansen & Große-Dunker, 2013).  

 

SOI can be understood as a process where sustainability is becoming instead of 

either/or, where things are basically just sustainable or unsustainable (Adams et al., 

2016; Mohrman & Worley, 2010). SOI is making changes to the organization’s 

philosophy, values processes, and practices alongside its products in order to reach 

sustainability from all three perspectives. Adams et al. (2016) introduced a 

conceptual framework that includes three dimensions: technical – people, stand-

alone – integrated, and insular – systemic (Figure 13). 

 

Figure 13 SOI dimensions (Adams, et al., 2016) 

 

The sustainability aspect of a firm’s innovation operations in a societal context is 

presented as a journey from insular to a systemic approach. Pursuing socio-

economic impact beyond a firm’s boundaries and stakeholders with innovation 

activities is a systematic way of operating. Engaging diverse actors, such as NGOs, 

lobby groups, and governments are taking the company towards a systemic – and 

more sustainable – dimension. (Adams et al., 2016). Environmental product 

development processes are not usually interacting with processes outside the firm 

(Baumann et al., 2002). Sustainability is stated as a systems-level issue that includes 

challenges too big for a single organization to tackle alone (Lamming et al., 1999). 

That is one of the reasons why the transition from a stand-alone approach towards 

an integrated approach is needed when true sustainability is the target. Integrated 

innovation is offering more strategically oriented practice for innovation culture in 
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the firm. This requires embedding sustainability into the culture of the firm. (Adams 

et al., 2016). 

 

Based on previous research, Adams et al. (2016) propose operational optimization, 

organizational transformation, and systems building to be three approaches for SOI 

activities. These were integrated with SOI dimensions (Figure 13) to generate initial 

architecture for SOIs (Figure 14). 

 

 

Figure 14 Initial architecture of SOI (Adams, et al., 2016). 

 

All three approaches are aiming to increase sustainability with different actions. 

Operational optimization is doing incremental changes to the previous solution to 

increase efficiency and thus increase sustainability. This internally oriented 

perspective reduces unsustainable impacts through reactive, incremental 

improvements driven by compliance. Usually, these activities are on the less-

sustainable end of dimensions: technology, stand-alone, and insular. Organizational 

transformation is reaching changes in mind-set and the objective is doing less harm 

while creating benefits for the society by doing new things. Focus is increasingly 

on environmental and social impacts by redefining internal and external 

relationships. When it comes to dimensions of the SOI framework, organizational 

transformation is between dimension aspects in terms of sustainability. Activities 

are more people-oriented and less insular, and firms have integrated sustainability 
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better into the organization. Activities are mainly internally oriented but are 

including immediate stakeholders. (Adams et al., 2016). 

 

Systems building is about reframing the purpose and actions of business in society. 

Systems building is about shifting business philosophy from insular to systemic 

dimension and focusing on creating new jointly to reach more effective outcomes. 

Sustainability can be applied properly only at the global level, so cooperation with 

other actors is essential. The approach creates value and promotes sustainability 

goals by operating collaboratively instead of competitively to bring systems-

shaping innovations. Systems building is shifting systems like cities, sectors, or 

economies towards a more sustainable mode of operation. It seems that relatively 

few organizations are using this approach because of the unconventional economic 

paradigm it includes. (Adams et al., 2016). 

 

Adams et al. (2016) used Dimensions and Contexts of SOI, to map five SOI 

activities: Strategy, Innovation process, Learning, Linkages, and Innovation 

organization (Figure 15). 

Sustainability increases  

 Operational 

Optimization:  

Doing more with 

less 

 

Organizational 

Transformation: 

doing good by doing 

new things 

 

Systems Building: 

doing good by 

doing new things 

with others 

 

 Technological 

innovations 

Technological and 

Organizational 

innovations 

System level 

innovations /Policy 

innovations 

Strategy 

How processes in 

organization and 

management are 

aligned to deliver 

sustainability 

City is complying 

with regulations or 

is innovating to 

pursue efficiency 

gains. 

 

Embedding 

sustainability as a 

cultural and strategic 

norm in a shaping 

logic that goes 

beyond greening. 

 

Logic of wide 

collaborations 

and investing in 

systems 

solutions to derive 

new, 

co-created value 

propositions. 

Process 

How ideas are 

converted to 

sustainable 

solutions 

Focus on internal 

and incremental 

innovation. 

City adopts new 

values and platforms 

and practices to 

innovate. 

City adopts new 

collaborative 

innovation 

platforms 

connecting diverse 

stakeholders. 
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Learning 

How the value of 

new knowledge is 

seen and how it is 

applied to support 

sustainability 

Exploiting existing 

knowledge 

management 

capabilities to 

identify and access 

knowledge. 

 

Engaging key 

stakeholders of 

the city – internal 

and external. 

 

Developing diverse 

skills 

enabling non-

mainstream 

solutions that aim to 

respond new goals 

and values and 

learning from 

experimentation 

with multiple 

new approaches. 

Linkages 

Which internal 

and external 

connections are 

exploited and how 

they are crafted as 

opportunities for 

learning and 

influencing 

sustainability 

Recruiting external 

experts to gain new 

knowledge. 

 

Shifting focus from 

intra-firm 

linkages into 

collaborations with 

immediate 

stakeholders. 

 

Including 

stakeholders to the 

process to diagnose 

problems, 

understand system 

complexity, 

build trust and 

identify levers for 

change. 

 

Innovative 

organization 

Which kind of 

arrangement are 

used to create 

favorable 

conditions for 

SOIs 

Exploiting existing 

innovation 

capabilities. 

 

Embedding SOI 

culture through the 

organization. 

 

Adopting 

environmental (and 

social) business 

paradigms 

alongside the 

economic (and 

social). 

 

Figure 15 SOI activities and SOI approaches (Adams et al., 2016). 

 

Operational optimization focuses on reducing harm towards citizens and 

environment and are usually driven by regulations and are usually incremental 

improvements in physical products. Targets for change are internal and usually 

external experts are leading the innovation process and bringing new knowledge to 

the organization in the form of already existing solutions. True sustainability is 

hardly reached on this level. (Adams et al., 2016). 

 

Organizational transformation represents a fundamental shift in mindset and is 

offering more comprehensive benefits to the whole society. The sustainability 

approach and a way of thinking is integrated into the city, but innovation activities 

are still mainly internally oriented. Internal and external relationships are reframed 

while considering environmental and social impacts. Sustainability is not seen only 
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as an add-on, but rather cultural and strategic norm for the city operations. When 

innovations are more than just incremental, novel innovation processes are usually 

needed. This can include the adoption of new platforms and knowledge sources to 

for example reduce the waste ending up to the landfill. Interaction with suppliers 

and customers can result in added value. To reach organizational transformation, 

the city should cooperate with other stakeholders, even over the city limits. 

Sustainability should be embedded into city strategy and should be considered in 

all operations instead of having separate sustainability projects. One example of 

organizational transformation is offering a service to a customer instead of a 

physical product (servitization) and thus meeting needs while minimizing 

environmental and social impacts. Reward systems and other incentives are 

important for the strategic embedding of sustainability. (Adams et al., 2016). 

 

Systems building in a nutshell uses the knowledge and creativity of all to deliver 

better solutions from a sustainability perspective. Sustainability cannot be seen as 

an attribute of a single firm and should be applied at the global level (Lamming et 

al., 1999) where value is created cooperatively with other institutions and actors in 

sustainable manners (Del R´ıo et al., 2010; Adams et al., 2016).  It could be deduced 

that SOI activities from Adams are more evaluating the innovation process than the 

sustainability of the solutions or innovations. The shift from operational 

optimization towards systems building is offering better probability for radical 

innovation to occur. Collaboration between entities and stakeholders is crucial to 

deliver better sustainable systems solutions and create more significant value for 

the entire socio-technical and ecosystems network. Societal change occurs due to 

interactions between organizations and institutions (Westley et al., 2011). Still, 

effective sustainability-oriented innovation systems are not a widely researched 

field in the literature. (Stamm et al., 2009). It is important to notice, that systems 

building is a radical approach, and it can be hard to plant that into the philosophy 

of the organization. Cooperation is central in the systems building approach, and as 

the word states, it cannot be reached alone. Organization or city can be doing 

initiatives and inspiring others in the network to cooperate with other actors and 

work towards change. Large changes like systems building are usually taking 
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decades to take place. (Adams et al., 2016). The smart city approach could support 

and foster system-level SOIs and SUD in a city. Table 9 demonstrates connections 

between SOI levels and Innovation types and demonstrates why it is important to 

include all innovation types to make solution sustainable.  

 

Table 9 Concluded SOI types. 

 

The table presents examples of why all innovation types are important to reaching 

sustainability through innovations. As in waste reduction example, if people are 

educated to be willing to recycle but products are not easy to recycle, the innovation 

SOI levels 
Operational 

optimization 

Incremental changes to 

the usual business. 

Organizational 

transformation 

The fundamental 

changes in the whole 

organization. 

Systems building 

Innovation extends 

beyond the organization. 

Innovation 

type 
Technological Organizational Institutional & Social 

Example: 

Waste 

reduction 

 

Product innovation: 

Product is made easier 

to decompose in parts 

of is made from more 

suitable materials 

Process innovation: 

Sorting and recycling 

made possible in waste 

treatment plant 

Infrastructure 

innovation: Recycling 

plant is in good location 

and has enough 

capacity 

 

 

Establishing a product 

take-back program by 

the retailer or 

manufacturer 

 

Educating or creating 

incentives for the 

consumer to bring back 

products for recycling 

Example: 

Sustainable 

mobility 

 

Product innovation: 

Hybrid and electric 

vehicles. 

Process innovation: 

Encouraging to 

telecommuting. 

Infrastructure 

innovation: Installing 

charging stations for 

electric vehicles. 

 

Car sharing model that 

includes placing pick-up 

points throughout the 

city and offering new 

charging options for 

customers. 

 

Supporting development, 

adoption, and diffusion of 

electric vehicles. 

Supply side: R&D 

support, environmental 

regulations, favorable tax 

treatment. 

Demand side: Purchasing 

tax incentives, informing, 

and increasing 

sustainability awareness 

through education. 
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is not that effective from a sustainability perspective. If products are made easy to 

recycle, but no one is bringing the products back to be recycled, innovation is not 

working that well. Technological, organizational, and institutional & social 

innovation types are not working as well by themselves and need support from each 

other to be more effective from a sustainability perspective. 

 

3.3 Sustainable urban development  

 

Human activities, especially in densely populated urban areas are causing major 

changes to the natural ecosystem, and the usage of natural resources is on an 

unsustainable level, which leads to depletion of resources if the mode of operation 

is not changed (Yigitcanlar & Teriman, 2014). Cambridge dictionary defines 

development as “the process in which someone or something grows or changes and 

becomes more advanced” (Cambridge Dictionary, 2020), and Gallopín (2003) 

states that “development is about increasing the quality of life of human beings”. 

Urban development encompasses a change in the physical premises and 

infrastructures like buildings and roads, and networks such as energy, waste, 

transportation, and ICT (Rydin, 2010). Urban development also includes 

infrastructures for education, health, justice, waste, markets, and cultural heritage 

protection (European Union, 2020). Development in these areas can be made 

through innovations and sustainable development in these areas through SOIs. 

 

Developing these areas while improving economic, environmental, social, 

institutional (Drakakis-Smith, 1995), cultural and, political sub-areas and leaving 

the possibility for the same for the next generations is called sustainable urban 

development (SUD). SUD aims to balance TBL aspects and solve problems caused 

by human activities while developing urban conditions and improving the QoL of 

citizens. (Flint & Raco, 2012; Yigitcanlar & Teriman, 2014). As stated before, there 

is no clear path to reach sustainability. Balancing TBL dimensions to create 

sustainability is a complex matter, and literature has not given an answer on how to 

achieve this goal (Gallopín, 2003; Adams et al., 2016). SDGs and related indicators 

could be one possible framework to evaluate these tradeoffs and guide decision-
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making from a sustainability perspective.  New solutions are needed to make SUD, 

which underlines the importance of efficient networks, information sharing and 

overall cooperation between actors (Rydin, 2010). The global nature of 

sustainability cannot be forgotten. As sustainable development requires considering 

local and global dimensions as a system (Gallopín, 2003), so does sustainable urban 

development (Adams et al., 2016). As an example, a city cannot transfer the 

problems of its consumption to other areas and state itself as a sustainable city 

(Haughton, 1997).   

 

Because the current market economy is not balancing all sustainability aspects 

automatically, incentives and management actions are needed to focus on 

sustainability while innovating to reach SDGs (Westley et al., 2011). Tools for 

governing SUD are closely related to information sharing and educating, financial 

incentives, stakeholder inclusion and cooperation, and regulations (Rydin, 2010). 

The smart city approach offers a frame to enhance these areas. Nam & Pardo 

(2011b) present technology, organizational, and policy innovations as smart city 

innovation types. Based on their categorization, technology innovation is upgrading 

technological tools to improve services and create conditions where these tools can 

be used more effectively, organization innovation is developing managerial and 

organizational environment to enable effective use of technology innovations, and 

policy innovation is a mechanism to solve institutional and non-technical urban 

issues to create enabling environment for a smart city. (Nam & Pardo, 2011b). As 

stated previously in this study, systems-level innovation could be an effective way 

to achieve sustainability by enhancing innovation actions and values. A smart city 

could be a possible way to reach systems building levels. Ahad et al. (2020) state 

that “it is imperative to provide sustainable solutions for the realization of the smart 

city infrastructure”. At the sustainable smart city, all smart city components are 

following a sustainable approach and the primary aim is to provide mechanism for 

fulfilling the requirements of the present and future citizens. (Ahad et al., 2020). 

 

Sustainable development focuses on reaching a desired outcome and lightly guides 

how the development should be made (balancing TBL) but is not offering clear 
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ways how these goals could be achieved in practice in urban areas. SOI theory 

offers cooperation and system building as an answer to this issue, but it still lacks 

the answer about how the systems building stage could be reached and how the 

transition is organized. Smart city theory has offered ICT as an answer to enhancing 

innovation activities and their efficiency managed by the city. United Nations (UN) 

has stated smart city approach adoption as a promoter for SUD in the New Urban 

Agenda (United Nations, 2017). UN sees smart city development as a way to 

improve urban sustainability and presents SOIs created in a smart city as a key for 

increased urban sustainability. (Mora et al., 2020). A sustainable smart city is an 

innovative urban area that utilizes ICT to improve QoL, the efficiency of operations 

and services, and competitiveness while respecting economic, social, cultural, and 

environmental aspects (Teh & Khan, 2020). According to some sources, an 

unsustainable city cannot even be called smart (Ahvenniemi et al., 2017). Systemic 

innovations are vital to tackling sustainability issues in cities (Han et al., 2012).  

 

As presented before, system-level SOIs have a great chance to enable sustainability 

in urban areas. The main goal of the sustainable smart city is to enhance QoL 

sustainably by intensifying the efficiency of the SOIs. All smart city components 

are not increasing the sustainability by themselves but are building an environment 

where innovations can reach systems building level and even complex 

environmental issues can be solved sustainably. Technology, human, economy, and 

governance components are vital enablers for a smart city but are not increasing the 

QoL or sustainability by themselves that much. These components provide a frame 

for more effective innovation activities by increasing communication and 

cooperation among educated and creative individuals and organizations enabling 

systems-level SOIs to emerge in the city. Group A components are offering an 

environment for improved innovation efficiency resulting better economic 

competitiveness, natural environment, public services, and physical infrastructure. 

Fundamental relations among the smart city components in the SOI creation context 

are presented in Figure 16. The figure presents how the smart city components are 

affecting each other in SOI context. 
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Figure 16 Relations among smart city components in the SOI context. 

 

When the smart city approach is utilized to reach systemic level sustainability, 

components in the circle make more effective innovations possible but are not 

having that straight effect towards sustainability (Figure 16). Besides these key 

relations presented in the figure, there are also other relations among components 

and thus the division is not exact. Because of these complex cause-and-effect 

relationships, innovations are difficult to categorize under components and relations 

between components are hard to identify exactly.  
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4 METHODOLOGY  

 

The aim of this chapter is to describe the methodology of this study in more detail 

and describe how data is collected for this study. Also, the reliability and validity 

of the research are evaluated, and the case city Lappeenranta is introduced briefly. 

 

4.1 Research context and methodological approach 

 

The aim of this study was to assess the development state of smartness of the 

Lappeenranta city. To analyze the city, smart city indicators were used as a base for 

the analysis. Data related to the indicated areas was collected in the context of the 

current state and strategic targets of the city were also compared to the indicators 

to assess the direction of the development from a sustainable smart city context. 

Furthermore, the study tries to clarify how the sustainable smartness of the 

Lappeenranta city could be enhanced in the future. Also, the possible effects of the 

current green agenda of the Lappeenranta city towards sustainable smartness was 

discussed in this study. 

 

A case study is an in-depth examination of a single example of a class of phenomena 

and is described as useful in the preliminary stages of research and based on it some 

hypotheses can be made (Abercrombie et al., 1984). A case study can focus on an 

individual, group, organization, or an event (Alexander et al., 1987). This research 

is a single case study focusing on Lappeenranta city. Due to the novelty and extent 

of the study area, the study focused on only one research subject. In this study, 

conclusions were drawn based on the qualitative secondary data, and the results 

apply only to the case city. The data was collected from the written documents, 

which is one of three qualitative data collection methods (Patton, 2005).  The 

qualitative data used in this study was based on public material and material offered 

by Lappeenranta city. Written documents were picked as the most suitable data 

source for this research because Lappeenranta city strategies and the current state 

of the development are documented well and are mainly public material. The study 

was descriptive research in which data was gathered without controlling any 
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variables during the process. Also, data on the situation in Finland was utilized in 

this study. In some cases, this data was seen as accurate enough to describe the 

situation in Lappeenranta city. 

 

4.2 Data collection and analysis 

 

Lappeenranta is a city of 72 681 inhabitants (31 December 2019) in the southeastern 

part of Finland and it is the 13th largest city in Finland (Lappeenranta, 2020a). The 

strategy of the city focuses strongly on green development themes, and the city is 

committed to climate work. Lappeenranta won European Green Leaf 2021 title in 

a series of cities with less than 100,000 inhabitants (Yle Uutiset, 2020; Kuntalehti, 

2020). Lappeenranta is among the forerunners of green development, which makes 

the city an interesting research object when connection among smart and green city 

development approaches are studied. Besides the work that Lappeenranta has made 

as an individual city to foster green development, much of the current development 

state is based on the overall situation in Finland.  

 

Finland is stated as the best country in the world (The Good Country, 2020). In 

addition, Finland is the least fragile (The Fund for Peace, 2020) and the safest 

(World Economic Forum, 2017) country in the world. Finland also has the best 

government (The Legatum Prosperity Index, 2019), the least organized crime, the 

most independent judiciary, and the most stable banks (World Economic Forum, 

2019). Finns use the most mobile data per subscription (OECD, 2018), and Finland 

has the strongest digital knowledge capital and best public digital services in Europe 

(DESI, 2018). Finland has the third-highest number of wireless broadband 

subscriptions per capita among OECD countries (OECD, 2018), and Finland 

utilizes information and communication technology to strengthen competitiveness 

and well-being the second-best in the world (World Economic Forum, 2021).  

Finland is also the second-best place to be a girl (Save the Children, 2016) and 15-

year-olds are the third most satisfied with their lives among young people of the 

same age in OECD countries (OECD, 2017a). Finland is also ranked as the most 

sustainable society in human wellbeing area (SSI, 2020). 
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Helsinki, the capital of Finland, is the most equal city in Europe (Spotahome, 2021), 

the second most attractive city in the world for startups (Nestpick, 2021), the fourth-

best European city to support digital companies and entrepreneurs (EDCi, 2021), 

and Helsinki is the third best city in terms of technology, innovation, and 

entrepreneurship (Gibson et al., 2016). In this study, the situation in the largest 

Finnish cities and the country overall are seen similar enough to describe the 

situation in Lappeenranta city, especially for Group A components. 

 

Data is mainly collected from Lappeenranta city documents, but some of the data 

is also collected from South Karelia region documents and from documents 

describing the general situation in Finland. Lappeenranta city is the capital of the 

South Karelia region and thus strategies can be assumed to be congruent. Used 

secondary data is timely and collected from official sources and can therefore be 

seen as trustworthy. The main sources used in this study to map the development 

state in Lappeenranta city are: 

 

• Lappeenrannan Kaupungin Viestintäohje [Lappeenranta city communication 

instructions] (Lappeenrannan Kaupunki, 2019) 

• Lappeenrannan kaupungin osallisuus- ja vuorovaikutusohjelma [Inclusion 

and interaction program of the city of Lappeenranta] (Lappeenrannan 

Kaupunki, 2020) 

• Lappeenrannan Kaupungin Uusiutuvan Energian Kuntakatselmus [Municipal 

Review of the City of Lappeenranta Renewable Energy] (Työ- ja 

elinkeinoministeriö, 2018) 

• Lappeenrannan Energiatehokkuussopimus [Lappeenranta Energy Efficiency 

Agreement] (Energiatehokkuussopimukset, 2020) 

• Etelä-Karjalan hyvinvointistrategia 2010 [Etelä-Karjalan hyvinvointistrategia 

2010] (Hiltunen-Toura, 2006) 

• Etelä-Karjalan Maakuntaohjelma 2018-2021 [South Karelia Regional 

Program 2018-2021 (Etelä-Karjalan Liitto, 2017) 

• Vuosiraportti 2019 [Annual Report 2019 (Lappeenranta Public Transport)] 

(Lappeenrannan Joukkoliikenne, 2019). 

 

Sources are mainly in Finnish and were also searched in Finnish. Sources were 

found from Lappeenranta city websites and from Google with keywords 
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“Lappeenranta city strategy”, “Lappeenranta public transportation strategy”, 

“Lappeenranta energy efficiency agreement” and other keywords based on the 

smart city indicator areas. Some of the data was also obtained from city 

representatives. Smart city indicators were guiding the data search process. For 

example, when a situation related to the educational level was researched, the focus 

was on finding the percentage of citizens with tertiary-level education. The aim was 

to find the current state associated with each smart city indicator. Data search was 

conducted in Finnish and thus a greater number of documents were reached.  

 

As a qualitative content analysis, the purpose of the study is to organize and elicit 

the meaning from the collected data and draw conclusions based on it (Bengtsson, 

2016). Content analysis was based on assessing the level of development in 

Lappeenranta related to every smart city indicator. Based on the data, indicators 

were marked as red (least developed), yellow (moderate level of development), and 

green (relatively smart area). Based on this analysis, the overall development level 

or “smartness” of each smart city component is easier to see. The assessment was 

based on the writer's own, data-based conclusions. For example, one of the 

indicators on technology component was “fixed and wireless broadband 

subscriptions” (% of the population) and it was found that 96 % of Finns have an 

Internet connection, which is third-best in cross-country comparison globally. It 

was deduced, that the data would describe the situation in Lappeenranta well 

enough, because the differences between cities in Finland are insignificant 

compared to the level between different countries. This was ranked as a green 

indicator because the level of interned subscriptions enables citizens to participate 

and use smart city applications well enough.  

 

4.3 Reliability and validity of the results 

 

The reliability of the results in this qualitative research is ensured by using only 

reliable data and by describing the research process in detail. Almost all data used 

in this study is available online and therefore the study can be reproduced by 

anyone. The validity of the results is relatively low because there is no clear and 
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functional method available for assessing sustainability and smartness of the city. 

Study is still introducing a directive method to compare the smartness of different 

cities in some extent. Most of the data is collected from the Lappeenranta city and 

South Karelia releases and can be thus seen reliable. Data based on the international 

rankings is also from reliable sources, but this data is mostly based on the situation 

in Finland and Helsinki. This is still indicating the situation also in Lappeenranta 

and for example the literacy rate is roughly similar in whole country and data can 

be used for evaluating Lappeenranta city. It must be noticed that public documents 

could be slightly “greenwashing” the actual situation through focusing on positive 

side of the development. 

 

Construct validity is the extent to which the assessment method used measures the 

wanted issue (Ginty, 2013). Because the smartness of a city, sustainability, and 

innovation success cannot be unambiguously evaluated, assessing the development 

state of the Lappeenranta in the context of these factors is not unambiguous. To 

achieve construct validity, smart city concept, components, and indicators were 

carefully studied, and the evaluation framework was based on the careful review of 

the existing literature.  
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5 SMARTNESS OF THE LAPPEENRANTA CITY  

 

The aim of this chapter is to introduce the qualitative data that is used to assess the 

development state of Lappeenranta city in a sustainable smart city context. 

Lappeenranta city has focused on developing its environmental development state 

with different types of actions and innovations. Although the development targets 

of the city have not focused particularly on smart city development, the current 

agenda of the city is increasing the smartness of the city. Chapter 5.1 focuses on 

presenting the current state of Lappeenranta city in the smart city indicator context, 

and Chapter 5.2 focuses on the strategic targets of the city to map the possible future 

smartness state of the city. The final analysis in Chapter 6 is drawn based on this 

data and theoretical findings. For the analysis, the smart city components are 

divided into two groups based on the categorization presented in the Figure 16, to 

assess the potential to innovate and on the other hand, to assess the current 

development state of the city. Group A includes smart city components focusing 

more on creating favorable conditions for making SOIs to develop Group B 

components (physical infrastructure, natural environment, and public services). 

SOIs related to Group B components are affecting more straightforward to QoL and 

for example to carbon emissions of the city, but high development state related to 

the components in Group A can enable more effective and even systems-level SOIs. 

 

5.1 The current state of smartness of Lappeenranta city 

 

In this chapter, the current state of the city is evaluated through the smart city 

indicators. Finland is a welfare state that offers relatively equal opportunities and 

services for inhabitants including social benefits, free education, and health care. 

Data describing the situation in Finland is usable to roughly describe the situation 

in Lappeenranta particularly for Group A components. With Group B components, 

the differences among Finnish cities are more significant. The first components 

affecting the development and innovation capability are assessed, including 

governance, human, technology, and economic areas. Then physical infrastructure, 
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natural environment, and public service components are researched. These 

components are describing more the current development state in the city but are 

not indicating how well the city is able to solve issues in the future. For example, 

in smaller cities, air quality can be better and there might be less traffic jams without 

specifically utilized smart solutions. Based on the data and analysis, indicators are 

marked as red (least developed), yellow (moderate level of development), and green 

(relatively smart development state). 

 

5.1.1 Group A components 

 

Technology indicators (Table 10) are mostly focusing on physical technological 

capabilities and data collection and sharing infrastructure is mentioned among 

indicators.  

Table 10 Technology component indicators (Sharifi, 2019). 

Technology 

Indicators Current situation 

Availability of IT and digital infrastructure (Wi-fi 

networks, wireless hotspots, etc.) 
 

Finland is one of the best in the world in the country level 

rankings. 

Fixed and wireless broadband subscriptions (% of 

population) 

 

96 %, third best at country level in the world. 

Socio-economic accessibility to digital technologies, 

ICT affordability 

 

96 % of households are having broadband internet. 

Quality of internet service (e.g., download and upload 
seeped) 

 

98 % of households having more than 30 Mbit/s speed at 

mobile network. 

Availability of broadband internet and fiber-optic 
channels, etc. 

 

96 % of households are having broadband internet. 

Integrated platform for real-time smart city operation 

and management 
 

 

Information privacy and security management, digital 

security (against hackers, etc.) 
 

 

Physical accessibility of IT infrastructure (Wi-fi 

networks, wireless hotspots, etc.) 
 

Everyone has a right to have an internet connection at 

their permanent home. 

Infrastructure, systems, and strategies for data 
collection (sensing, mining, etc.) 

 

Strategies and infrastructure for timely data 

communication, sharing, and reporting 
 

 

Communicating through the city websites. 
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Finland utilizes information and communication technology to strengthen 

competitiveness and well-being the second-best in the world (World Economic 

Forum, 2016), has the third-highest number of wireless broadband subscriptions per 

capita among OECD countries (OECD Data, 2020), and Finnish companies most 

often have their own websites in OECD countries (OECD, 2017b). In Finland, 

everyone has the right to have a properly functioning telephone subscription and at 

least 2 Mbit/s broadband subscriptions in their permanent home or company fixed 

location (Viestintävirasto, 2016). Table 11 presents the available average download 

speed of the fixed broadband at Lappeenranta city.  

 

Table 11 Minimum download speed of fixed broadband per area (Traficom, 2020a).  

 

 

Only 2 % of the households in Finland are having only fixed broadband connection, 

while 45 % have both fixed and mobile broadband connection, and 45 % of the 

households is relying on mobile broadband. 4 % of the households are not having 

broadband internet connection. (Traficom, 2020b). In European Union countries 88 

% of households with at least one member aged 16 to 74 had a broadband 

connection in 2019 (Eurostat, 2020).  At Lappeenranta, over 98 % of households 

were in the area that enabled over 30 Mbit/s speed at the mobile network (Traficom, 

2020c). Table 12 represents internet usage and smartphone usage in Finland. 

 

 

 

 

 

 

 

 
2 Mbit/s 10 Mbit/s 30 Mbit/s 100 Mbit/s 300 Mbit/s 1000 Mbit/s 

Finland 93 % 87 % 75 % 64 % 54 % 47 % 

Lappeenranta 98 % 82 % 63 % 59 % 27 % 27 % 

Helsinki 100 % 100 % 99 % 82 % 73 % 72 % 
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Table 12 Internet and smartphone usage in Finland (Tilastokeskus, 2018a). 

 

Has used the internet Uses the internet 

several times in a day 

Smartphone in own use 

 Age % of population in Finland 

16-24 100 98 99 

25-34 99 97 97 

35-44 100 96 96 

45-54 98 87 90 

55-64 93 72 80 

65-74 78 47 59 

75-89 40 19 24 

        

Men 90 78 81 

Women 88 74 79 

        

All 89 76 80 

 

The general level of ICT accessibility in Finland can be assumed to be at the same 

level as in Lappeenranta. ICT capabilities supporting sustainable smart city 

development in the city of Lappeenranta are promising. The city is not particularly 

utilizing these capabilities to smart city management yet, but the ICT infrastructure 

could possibly enable smart application introduction. Citizens are having access to 

the internet and internet connections are enabled in the area. This study focuses on 

utilizing the smart city approach to foster SOIs to enable SUD and technological 

capabilities are one key factor enabling effective information sharing and for 

example open SOIs. Besides supporting SOI creation, ICT infrastructure could also 

enable effective optimization of the city operations and for example creation of 

digital services supporting accessibility of the services and reduction of emissions.  

The current ICT infrastructure of the city is one of the best in the world, but the 

infrastructure itself is not increasing the sustainability or QoL in the city. ICT 

infrastructure is one of the key enablers for the sustainable smart city, but the 

applications are the ones fostering SUD and increasing the QoL.  

 

The human component was not introduced by Sharifi (2019), and thus it does not 

include that many indicators. In this thesis, the percentage of the population with 

tertiary level education was the only indicator measuring the creativity and 

knowledge of the citizens. Some sources included the participation to governance 
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under the human component, but in this thesis, the focus is on SUD and the human 

component is used to indicate the ability of the workforce to foster SOIs (Table 13). 

Education is also in a key role when systems level sustainability is the goal. When 

sustainability perspective is considered in the curriculums, values can be shifted 

towards sustainability. This could be affecting to personal well-being and 

consumption habits besides increasing innovation abilities. 

 

Table 13 Human indicators (Sharifi, 2019). 

Human 

Indicators Current situation 

Percentage of population with tertiary-level education 

 

Lappeenranta: 30,6 % are having tertiary-level degree. 

 
Finland has the most human capital and the best education 

in the world. 

 

 

Finland has the most human capital in the world (Lim et al., 2018) and 88,1 % of 

the adults aged 25 to 64 years have at least an upper secondary degree (Better Life 

Index, 2020). Finland has the best-performing school system that provides high-

quality education to all and Finland and it has been ranked as the country with the 

best education (Better Life Index, 2020). At Lappeenranta, 74,1 % of the citizens 

are having at least an upper secondary degree and 30,6 % are having tertiary-level 

education. (Kuntaliitto, 2019). Finland is the world's most literate nation (Central 

Connecticut State University, 2020), Finnish adults are the second-best in literacy 

and numeracy in OECD countries (OECD, 2017c), and Finnish education responds 

best to future needs (The Economist, 2020). Finland has the third-best human 

resources for innovating in Europe (European Comission, 2020). The Finnish 

education system is creating a great base for SUD through enabling effective and 

systems-level SOIs, but on the other hand, greenhouse gas emissions tend to 

increase alongside the income (Tilastokeskus, 2018b). Quality of education is not 

varying among schools in Finland that much because most inhabitants are attending 

public schools, and the same curriculum is followed through all schools in the 

country.  Thus, the human resources can be assumed to be relatively similar 

throughout the country. 
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Governance indicators focus on e-governance, availability of data, and transparency 

of the government (Table 14). The governance of the city is strongly linked to the 

governmental situation in Finland. 
 

Table 14 Governance indicators (Sharifi, 2019). 

Governance 

Indicators Current situation 

E-governance and online civic engagement and feedback 

system 
 

Second most e-governance usage in EU. 

Availability and publication of data in an open format under 

open licenses 
 

Best freedom of information, 9th in the data openness in 

EU. 

Public participation and stakeholder engagement in decision 

making 

 

Kansalaisaloite.fi website. 

Governmental transparency 

 
Freedom of information is the best in the EU. 

Open data platforms for making information (governmental, 

etc.) open to the public 
 

Freedom of information is the best in the EU. 

Shared architecture for multi-level governance and inter-

agency collaboration 
 

 

 

Finland is a democratic republic, and the government has ranked as the second-best 

in the world (The Legatum Prosperity Index, 2019). Finland has the most 

independent judiciary in the world (World Economic Forum, 2019) and Finland has 

the best electoral integrity in the world based on PEI index (Norris, et al., 2018). 

Finland also has the best policy environment (The Economist, 2020). When data 

(openness, availability etc.), technology (IoT, e-government, high-speed broadband 

availability), and people, and firms (the use of data-driven technologies, the 

prevalence of digital skills, and the role of education) are assessed, Finland is the 

second-best EU country after Denmark. E-governance is the extent to which 

citizens access governmental services via the Internet. Finns have used second most 

e-government services and in the freedom of information category, Finland is the 

leader. The openness of government data indicator measures the openness of 

government data. It demonstrates data set availability and measures adherence to 

open data principles such as machine readability and open licensing. Finland was 

ranked 7th in the EU with 60 points. (Center for Data Innovation, 2017). One 

example of e-governance in Finland is the citizen’s initiative website where anyone 

can propose an amendment to the law and if the initiative gets 50 000 supporters 
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within six months, it will be considered by Parliament (Kansalaisaloite.fi, 2020). 

The political situation and freedom in Finland and in Lappeenranta are enabling 

more effective development of new innovations. In a sustainable smart city, 

educated and creative individuals can effectively participate in the governance and 

share ideas and information through ICT applications. In Lappeenranta, there are 

already some ways to participate through internet-based services enabling 

communication between the city and the citizen. Information sharing is enabling 

governance to better answer to citizens’ needs and is thus increasing the QoL and 

is an important enabler for SUD. 

 

Economic indicators are assessing economic competitiveness, innovation activity, 

entrepreneurship, and job creation. Indicators are closely related to governance and 

education because for example incentives for increasing entrepreneurship can be 

based on education or be financial incentives from the governmental side (Table 

15). 

Table 15 Economic indicators (Sharifi, 2019). 

Economic 

Indicators Current situation 

R&D expenditure 

 

 

Finland is one of the leaders in the world (public sector) 
 

 

Policies, programs, and plans for promoting 
entrepreneurship, creativity/innovation 

 

 

Finland has the second friendliest innovation environment. 

 

City’s employment/unemployment rate, measures to 
combat unemployment 

 

 

In Finland employment rate is above OECD and EU 
averages (71 %) and employment rate in Lappeenranta is 

11th among 20 biggest Finnish cities in 2015. 

 

Rate of employment in knowledge-intensive sectors/ 
creative industry 

 

 

Employment in knowledge-intensive activities is among 

five best in the Europe. 
 

GDP per employed person 
 

 

GDP in Lappeenranta 6th biggest among 20 biggest 
Finnish cities. 

 

PPP (purchasing power parity) in Finland 25th in the world 
and 17th when traditional GDP is measured. 

 

ICT-enabled innovation leading to new businesses and 

market opportunities 
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R&D expenditure of the public and business sector is among the best five in Europe 

as well as employment in knowledge-intensive activities. Total Entrepreneurial 

Activity is equal to European average. (European Comission, 2020). Innovation 

performance is the second best among European countries and performance 

improved most (19.0%-points) between 2018 and 2019 and gap with the leading 

country Sweden is almost closed (European Comission, 2020). GDP per capita 

(37 146 €) was 6th biggest in Lappeenranta, when 20 biggest cities in Finland were 

compared in 2015. The employment rate was 11th among these twenty cities (64,2 

%). (Tenho & Aro, 2017). The employment rate in 2018 among 18-64 years old 

population was 67,9 % (Tilastokeskus, 2020) and 71 % in 2020, which is above the 

average employment rate in OECD countries (OECD, 2020). 

 

Finland’s GDP is 17th in the country and 25th when ranked by PPP (purchasing 

power parity). PPP includes the relative cost of living to GDP assessment, therefore 

providing a more accurate picture of the real differences in income. (Worldometer, 

2020a). Finland is a relatively small country, where conditions between different 

cities do not differ significantly compared to the global scale, so this information 

can be seen to represent the situation in Lappeenranta. Collected data indicates that 

economic smartness in Lappeenranta is relatively high and the city could possibly 

generate SOIs fostering SUD. Overall, Lappeenranta seems to have great resources 

for effective innovation creation. 

 

5.1.2 Group B components 

 

This chapter represents the data collected related to Group B components and the 

indicators related to these areas of smartness. For Group B components, situations 

among Finnish cities can vary more than for Group A components. For example, 

Lappeenranta is a forerunner in environmental protection and pollution control and 

thus, the city won a Green Leaf 2021 award. While the situation in the country 

affects more to the situation of the city with Group A components, the city itself 

can affect Group B components much more. As an example, Lappeenranta has 
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introduced electric and gas busses by itself, without incentives from the country 

level governance. 

 

Public service component indicators focus on transportation, health, safety, and 

overall well-being (Table 16). 

 

Table 16 Public services (Sharifi, 2019).  

Public Services 

Indicators Current situation 

Public transport system and its quality, diversity, and multi-

modality 
Satisfaction rate 3,45 in Lappeenranta. 

Performance, safety, and efficiency of public transportation 1,21 boarding customers/km in Lappeenranta. 

Income level /income inequity (Gini coefficient) 28% in Finland, smaller than EU average in 2014. 

Affordable and sustainable access to services and utilities 

 

Almost 60% of the respondents said that the use fees 
for independent exercise in sports facilities were low 

enough and 75% felt that these services had sufficient 

quality and accessible to the adult population in 
Lappeenranta. 

 

Community safety and crime rate (e.g. no. of crimes per 

100,000 inhabitants 
Finland is the safest country in the world. 

Using technology and ICT for crime prediction, prevention 

and control 
 

Ethnic, cultural, and gender equality (income, access to 
opportunities, etc.) 

 

Gender equality of Finland is 3rd in global 

comparison. 
 

Discrimination is relatively common in Finland. 

 

General well-being (life expectancy, morbidity and mortality 

rates, etc.) 

 

 

Finland has good life expectancy. 

 
Finland has lowest maternal mortality rates in the 

world. 

 

Real-time information about transit services and parking 
 

 

Share of total trips made by active (non-motorized)/public 

transport modes 

 

 

Individual safety and security (e.g., number of deaths 
attributable to disasters, etc.) 

Finland is the safest country in the world. 

 

Green transportation modes (e.g. percentage of green vehicles, 

EVs, etc.) 
 

1,4 % in Finland in 2019. 

Healthcare services and infrastructure per capita 
 

In Finland, the average coverage of essential services 
is 79, while leading countries got 80. 

Use of ICT and smart technologies (e.g. RFID) for promoting 

well-being 
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When it comes to gender equality, culture of the whole country affects more to the 

score than differences between cities in Finland. Finland is third in the global 

comparison, but it is stated that none of us will see gender parity in our lifetimes 

(World Economic Forum, 2020). Gender equality is included in the social aspect of 

sustainability and while Lappeenranta is not focusing particularly on this aspect of 

sustainability in its strategy, the equality rate can be assumed to be roughly equal 

to Finland’s average rate.  People with immigrant and ethnic minority backgrounds 

were more likely to experience discrimination in Finland than almost anywhere else 

in the EU (Helsinkitimes, 2017). Life expectancy is 24th in the world in Finland 

(Worldometer, 2020b), maternal mortality is the lowest in the world, and child 

mortality is second lowest in the world (WHO, 2018).  These factors are also 

strongly affected by the general situation in Finland, rather than the situation in the 

individual cities in the country. Finland is ranked as the safest country in the world 

(World Economic Forum, 2017). The crime rate in the United States is 47,70 (50th) 

and in Finland 25,53 (115th) while the average in the world was approximately 47,5 

in 2020 (Numbeo, 2020) when the crime rate is calculated by dividing the number 

of reported crimes by the total population and then multiplying the result by 100 000 

(World Population Review, 2020). It is also important to notice, that every Finn has 

an average of at least one online banking ID and they generally act as an 

identification tool on the Internet (Finanssiala, 2016). 

 

Coverage of essential health services (“defined as the average coverage of essential 

services based on tracer interventions that include reproductive, maternal, newborn 

and child health, infectious diseases, non-communicable diseases and service 

capacity and access, among the general and the most disadvantaged population”) 

was among the best ones in the world in Finland in 2015. The best scores were 

marked as ≥ 80. (WHO, 2018). Suicide mortality rates and alcohol usage are on 

relatively high levels in Finland compared to usual well-being. (WHO, 2018). Gini 

coefficient rate (%) that represents the income inequality was around 28 % in 2018 

(Statistics Finland, 2020b). In Finland, income disparities were smaller than the EU 

average in 2014 (Tilastokeskus, 2017). Finland is a welfare state where public 
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social services are offered as equally as possible in all cities, and thus for example 

life expectancy is not varying significantly among cities in Finland and country-

level data is used to represent the situation in Lappeenranta. 

 

In Finland, 84,4 % of trips were made by car and 8,4 % by bus in 2018 (Traficom, 

2020d). Public transportation is one of the factors affected a bit stronger by the 

actions and decisions made in the individual city. The efficiency of the public 

transportation in Lappeenranta (boarding customer/km) has increased 12,8 % 

between 2015 and 2018 and was 1,21 in 2018. At the same time, the number of 

journeys made in local traffic increased by 9.7% (+149,425 journeys) and the 

number of line kilometers decreased by 2.8% (-39,687 km / year). Customers 

experienced most problems with onward connections in Lappeenranta. (Piipponen, 

2019). Lappeenranta’s public transportation received 3,450 points of 5 in a 

customer survey in 2019 (Rambol, 2020). There were 2 720 307 cars in Finland in 

2019 of which 4 661 were fully electric, 24 704 were rechargeable hybrid cars, and 

9 378 were fueled by methane (CNG or CBG). There were 6 432 fully electric cars 

and 33 883 rechargeable hybrid cars in use in Finland by 30.6.2020, which indicates 

growth among these propulsion types. (Autoalan Tiedotuskeskus, 2020). Electric, 

hybrid and methane cars represented 1.4% of the Finnish car fleet in 2019. Electric 

cars are concentrated in larger cities (including Lappeenranta), where charging 

infrastructure is more accessible for users (Aamulehti, 2019). Almost 60% of the 

respondents said that the use fees for independent exercise in sports facilities were 

low enough and 75% felt that these services had sufficient quality and accessible to 

the adult population in Lappeenranta. (Liikkumisohjelman ohjausryhmä, 2019). 

 

The physical infrastructure component focuses on roads and buildings in the city. 

Indicators are including the efficiency of travelling by traffic management and 

infrastructure development (Table 17). The level of physical infrastructure in 

Finland is overall at good level, but Lappeenranta has been significantly focused on 

making it even better as a part of the green goals. 
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Table 17 Physical infrastructure (Sharifi, 2019). 

Physical Infrastructure 

Indicators Current situation 

Road traffic efficiency, travel time, congestion levels, 
congestion management 

 

There are no significant congestions in Lappeenranta. 

Sensing and monitoring for real-time, smart and automated 

traffic management 
 

Real-time data is utilized in the traffic light management. 

Cycling infrastructure options and facilities Cycling city 2015 award. 

 

Lappeenranta is relatively small city compared to a global level. The city covers a 

land area of 1 433,78 km² (Maanmittauslaitos, 2020) and the density of the 

population is thus 50,7 inhabitants per square kilometer. This is the main reason 

why there are practically no traffic jams in the city. Traffic lights also optimize their 

operating based on real-time information gathered through sensors embedded in the 

road (Lappeenranta, 2020b). Lappeenranta was nominated as the cycling city of 

2015 in Finland. The total length of bike paths is 275 kilometers. Bike routes are 

clearly marked on the map and signboards are placed in the city. The cycle path 

network has been consistently developed in Lappeenranta. In addition to unifying 

the route network, the curbs will be lowered, road surfaces will be renovated to 

enable more comfortable cycling, and lighting and bicycle parks will be added. 

(Lappeenranta, 2020c). It can be concluded, that in smaller developed cities, the 

infrastructure does not need that much smart management to work effectively. 

Traditionally infrastructure is suitable for cars but cycling infrastructure might need 

some development to be attractive enough to encourage citizens to shift their 

transportation style in the city. The use rate of this infrastructure is also influenced 

by the values of the citizens. 

 

The natural environment component includes indicators related to emission 

reduction. Amount of the recycled waste, energy efficiency of the economy, and 

the usage of renewable energy are key areas of the indicators besides more efficient 

management of these areas enabled by the ICT (Table 18). Lappeenranta has 

focused prominently on environmental protection in the city strategy. The age-

standardized mortality rate attributed to household and ambient air pollution is the 

second lowest in the world in Finland (WHO, 2018). Concentrations of respirable 
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particles (PM10) are highest in urban downtown areas. In the entire measurement 

network area, the highest PM10 concentrations exceeded the Government's daily 

guideline value (70 μg/m³). At all measurement points, the highest concentrations 

of respirable particles (PM10) were measured in the spring during street dust time. 

The WHO daily guideline value of 25 μg/m3 for fine particles (PM2.5) was not 

exceeded in 2019 at any measurement point. The annual limit value (25μg/m3) 

given by the Finnish Government was also not exceeded. The small particles that 

travel with the south wind increase the concentrations of PM10 and PM 2.5. 

(Imatran Seudun Ympäristötoimi, 2020a). Air and water qualities are monitored, 

and information is shared online in real-time (Imatran Seudun Ympäristötoimi, 

2020b). 

 

Table 18 Natural environment (Sharifi, 2019). 

Natural Environment 

Indicators Current state 

Air quality index/ pollution concentration levels (SO2, 

PM 2.5. PM 10) 

 

Air quality is not the best possible, but overall air quality 
is relatively good in Finland. 

Penetration level of clean and renewable energy sources 

 
85 % in 2018 in Lappeenranta. 

ICT-enabled environmental monitoring infrastructure and 

activities 

 

Air and water quality are monitored real-time and data is 

shared online. 

Per capita GHG emissions ((CO2, N2O, CH4) footprint, 

concentration, etc.) 

 

10 t per capita in a year. 

Energy intensity of the economy 
(Units of energy/unit of GDP) 

 

Efficient management and use of energy (buildings, 
public spaces, etc.) 

 

Lappeenranta has signed the energy efficiency agreement 
and is committed to decrease energy consumption 7,5 % 

between 2015 and 2025. 

Using ICT for energy management, monitoring and 
saving (e.g., smart metering) 

 

 

Proportion of recycled waste (per total kilogram of waste 

produced/per person) 
 

59 % in Lappeenranta. 

Environmental/ecosystem protection activities and efforts 

 
Green Leaf 2021 award.  

 

Lappeenranta has signed Energy Efficiency agreement and is thus committed to 

achieve 7.5% energy savings from the 2015 baseline by the end of 2025 

(Lappeenranta, 2020d) (Energiatehokkuussopimukset, 2020). Over 85% of the 

electricity and heat produced in the Lappeenranta area is renewable (LCA 

Consulting, 2018). Greenhouse gas emissions of the municipal sector were 4,2 t per 
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inhabitant in 2017. Emission calculations in the municipal sector include the 

consumption of residential heating energy and electricity, as well as the 

consumption of transport fuel, waste management and agriculture but do not 

include personal consumption. When personal consumption is included, emissions 

are approximately 10 t per year per person. (ePressi, 2019). In 2017, a resident of 

South Karelia produced an average of 320 kilos of household waste. Of that, 59 

percent went to recycling. The recycling rate was the second-highest in Finland and 

well above the national average of 42 percent. (Syke, 2018). Environmental themes 

are central in the strategy of Lappeenranta city and city has won European Green 

Leaf 2021 title in a series of cities with less than 100,000 inhabitants (Yle Uutiset, 

2020). It is not surprising, that Lappeenranta city is doing well in the natural 

environmental area.  

 

5.2 Strategic development targets of Lappeenranta city 

 

Etelä-Karjalan Liitto (2017) has identified three future scenarios for the South 

Karelia region. In the “Persevering South Karelia” scenario, vision and a clear 

strategy are missing in the city and that slows down development and might cause 

a weak economic situation in the area. Next best scenario is “Service oriented South 

Karelia”, where cooperation and networks among stakeholders are utilized to 

develop services, culture, safety, and transportation, but cooperation with operators 

outside the region is still not enough to support the region’s effective development 

and opportunities are limited. The third and the most desirable future scenario is 

“South Karelia of high competence”, in which strategy is clear and powering 

effective development. University, infrastructure, business, internationality, 

employment rate, smart solutions and technologies, renewable forest industry, and 

innovation activities are powered by shift in general values. (Etelä-Karjalan Liitto, 

2017). The third future scenario is most desirable for the city and is also closely 

related to smart city and systems building approaches. Fostering development is 

desired at the high-level strategy of Lappeenranta city, and a sustainable smart city 

approach could be a one possible way for the city of Lappeenranta to reach this goal 

as the capital of South Karelia. In this chapter city strategies are assessed to create 
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an understanding of the current development targets and by this, to understand and 

evaluate the smartness of the future of the city. 

 

5.2.1 Group A smart city components 

 

This chapter evaluates the strategic development targets mentioned in Lappeenranta 

city documents in the context of smart city components and indicators under Group 

A. Development targets and innovations mentioned at the city strategies are 

including the development of functional broadband connections and 

telecommunication infrastructure as well as using websites as channels to 

communicate and share information. Internet connections and shares of internet and 

smartphone users are already high in Lappeenranta, but smart applications are not 

common in the city. City aims to develop broadband connections and 

telecommunications infrastructure and has identified a plan to start sharing data in 

AvoinData.fi website (Avoindata, 2020). Table 19 represents identified goals of the 

city. 

 

Table 19 Technology related future SOIs in the city of Lappeenranta (Sharifi, 2019). 

Technology 

Indicators Development targets Related innovations 

Availability of IT and digital 

infrastructure (Wi-fi networks, 
wireless hotspots, etc.) 

 

Functional broadband connections and 

telecommunications infrastructure to 

city. 

Creating and developing more 

functional broadband connections 
and telecommunications 

infrastructure at city. 

Fixed and wireless broadband 

subscriptions (% of population) 
 

  

Socio-economic accessibility to 

digital technologies, ICT affordability 
 

  

Quality of internet service (e.g., 

download and upload seeped) 

 

  

Availability of broadband internet and 

fiber-optic channels, etc. 

 

  

Integrated platform for real-time 
smart city operation and management 

 

  

Information privacy and security 
management, digital security (against 

hackers, etc.) 

 

  

Physical accessibility of IT 

infrastructure (Wi-fi networks, 

wireless hotspots, etc.) 
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Infrastructure, systems and strategies 

for data collection (sensing, mining, 

etc.) 
 

  

Strategies and infrastructure for 
timely data communication, sharing, 

and reporting 

 

Communicating through the city 

websites. 
 

Sharing data at AvoinData.fi website 

for citizens to use. 
 

 
Lappeenranta city website and 

AvoinData.fi website as channels to 

communicate share data online for 
everyone. 

 

 

Lappeenranta city is actively promoting education and one of the strategic targets 

is to increase the share of citizens with secondary education (Table 20). The 

Lappeenranta city organizes events to increase interest towards science and has 

launched Junior University that encourages students to higher education. Junior 

University includes environmental protection themes to education at all levels and 

supports entrepreneurship. Education related services are centralized to Ohjaamo to 

make access easier for citizens. The share of people with higher education was 41 

% in Finland in 2018, which is 3 % below the average in OECD countries (YLE, 

2019). Shifting attitudes and increasing the interest towards education is an 

important way to increase people working in creative positions and thus potential 

for effective SOIs in the future increases. 

 

Table 20 Future SOIs in the city of Lappeenranta related to human smart city component 

(Sharifi, 2019). 

Human 

Indicators Development targets Related innovations 

Percentage of population with 

tertiary-level education 

 
The share of citizens with only 

primary school education decreases 

 

Increasing the quality of education. 
 

Education related services are 

centralized to Ohjaamo. 
 

Launching events to increase 
interest toward science. 

 

Junior University. 
 

 

Governance component indicators include openness of the managerial operations 

of the city and data sharing among stakeholders (SHs) of the city. The Lappeenranta 

city targets are focusing on increasing the transparency and communication 
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between the city and SHs (Table 21). Innovations are mainly related to internet-

based services enabling timely data sharing and communication. 

 

Table 21 Future governance related SOIs in Lappeenranta (Sharifi, 2019). 

Governance 

Indicators Development targets Related innovations 

E-governance and online civic 
engagement and feedback system 

 

Increasing the participation rate of 

SHs to city development. 

 
Foster independent activity and 

communality. 
 

Grow trust towards city decision-

making. 

 
City board meetings are streamed 

online. 
 

Document sharing and timely 

communication at city websites. 

 

Availability and publication of data in 
an open format under open licenses 

 

City targets towards as open and wide 

sharing of information.   
City is sharing possible data online. 

Public participation and stakeholder 

engagement in decision making 

 

Creating better cooperation networks 

to include 40 % citizens to decision 

making of the issues affecting them. 

 
City is increasing participation rate 

of citizens by being more open and 

making participation easier by 
offering online channels for 

participation. 

 
City is improving cooperation 

networks and information sharing 

among SHs. 
 

Social media is utilized to increase 

communication and participation. 
 

Governmental transparency 

 

City aims towards timely, reliable, 

and interactive communication. 

 

The city targets to the widest 

possible transparency regarding to 
public access to documents and 

government is publishing all 
possible documents online. 

 

Open data platforms for making 

information (governmental, etc.) open 
to the public 

 

City aims towards timely, reliable, 
and interactive communication. 

Websites and social media are used 

to enable interactive 

communication. 

Shared architecture for multi-level 
governance and inter-agency 

collaboration 

 

Developing more suitable ways for 

citizens to influence and participate. 

City is organizing events and 

electric surveys to collect feedback 
and ideas from SHs. 

 

Economic indicators are assessing economic competitiveness, innovation activity, 

entrepreneurship, and job creation. Indicators are closely related to governance and 

education, because for example incentives for increasing entrepreneurship can be 

based on education or financial incentives from the governmental side (Table 22). 

Lappeenranta city has strategic goals to boost the creation of new start-ups by 

launching a business accelerator with LUT University and by increasing interaction 

and cooperation among different SHs by creating online development platforms. 
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Some targets like increasing the employment rate or GDB are not linked with 

specific innovations, because many other goals and innovations are affecting these 

areas. 

 

Table 22 SOIs under economy smart city component (Sharifi, 2019). 

Economic 

Indicators Development targets Related innovations 

R&D expenditure 

 

 

 
 

Policies, programs, and plans for 

promoting entrepreneurship, 

creativity/innovation 
 

Intensifying new cooperation 

structures, cooperation between 

companies and students. 

 

Creating 5 new companies every year. 
 

Increasing the number of growth 

companies. 
 

Increasing the amount of 

entrepreneurs. 

 
 

Launching business accelerator. 

 
Investing in the creation of 

significant development platforms 

(platform economy and 
experimental environments) 

bringing together large companies, 

SMEs and research and educating 
organizations. 

 

City’s employment/unemployment 

rate, measures to combat 

unemployment 
 

 
Decreasing the share of unemployed 

(aged 18-24). 

 
Decreasing the share of newly 

graduated and unemployed citizens 

(aged 25-29). 
 

Decreasing share of unemployed 

citizens. 
 

Decrease in the unemployment rate at 

the provincial level 
15,1 % (2016) -> 11 % (2021) 

 

Lappeenranta is creatin new 

cooperation structures and 
increasing cooperation with 

students and companies. 

 

Rate of employment in knowledge-

intensive sectors/ creative industry 

 

 
 

 
Increasing the share of educated 

citizens for example with Junior 

University and events. 
 

GDP per employed person 

 

 

Increasing GDP at the provincial level 

36 521 € (2016) -> 45 000 € (2021) 
 

City encourages citizens to educate 
themselves and offers opportunities 

to have an education. 

ICT-enabled innovation leading to 

new businesses and market 
opportunities 

 

  

 

5.2.2 Group B smart city components 

 

While components under Group A are focusing more on enabling effective SOI 

creation, Group B is the focus for these innovations. SOIs in public services, natural 

environment, and physical infrastructure focus on increasing the QoL sustainably. 
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Development in these areas is decreasing and for example greenhouse gas 

emissions are becoming more straightforward, while development related to group 

A components is more focused on making SOIs in the group B components 

possible. While the division is not exact and both groups are affecting to the whole 

system, this breakdown helps with the evaluation of conditions for SOIs and on the 

other hand how these innovation capabilities are utilized.  

 

Public service innovations are also related to the natural environment and physical 

infrastructure components because areas are partly overlapping (Table 23). 

Reducing emissions is one of the most visible goals of the city of Lappeenranta, 

and it is thus related to almost all the measures taken by the city. While 20 % of the 

CO2 emissions in Finland are arising from transportation, the target to increase the 

usage of public transportation, green transportation modes, and active 

transportation modes is not surprising (Ilmasto-Opas, 2019). Gini rate is increasing 

in Lappeenranta, but the city has not mentioned this in the documents 

(Lappeenrannan Uutiset, 2020). Globalization and the development of technology 

in favor of a skilled workforce are the most common explanations for the increase 

in income inequalities in developed economies. Both phenomena reduce the 

demand for medium-paid, routine industrial work and, correspondingly, increase 

the need for high-skilled jobs. The most significant measure proposed in the 

literature to equalize income distribution is to provide quality education to as many 

people as possible. (Hukkinen & Vilmi, 2016). Lappeenranta has a goal to increase 

the quality of education and the share of highly educated citizens, and these are also 

actions against the rise of the Gini rate. Only 105 of 648 graduates were living in 

Lappeenranta one year after they graduated from LUT University, while as many 

as 315 moved to the Uusimaa region in 2018 (Vipunen, 2020). This indicates that 

increasing the quality of education in Lappeenranta is not enough to increase the 

share of educated people in the city, but also increasing the interest towards working 

and living in the city is central.  

 

Data usage in optimization and internet-based services are central development 

areas and innovations in this category. One central action is shifting public vehicles 
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into less polluting ones and promoting the usage of these transportation modes. 

Increasing the attractiveness is one key action to decrease pollution and emissions 

in the city. Lappeenranta is a relatively small city and low population density in 

some areas makes it difficult to develop and maintain accessible and cost-effective 

public transportation for everyone. While most of the population is using internet 

daily, so shifting services to internet is effective way to save time and resources 

because it for example saves customer from travelling. Decreasing the crime rate 

has not mentioned in the strategies, but many SOIs in Lappeenranta are focusing on 

increasing the level of education and might thus also decrease criminality in the city 

(IS, 2012).  

 

Table 23 Public service SOIs in the city of Lappeenranta (Sharifi, 2019). 

Public Services 

Indicators Development targets Related innovations 

Public transport system and its 

quality, diversity, and multi-modality 

 
Performance, safety, and efficiency of 

public transportation 

Increasing the popularity of a public 

transport. 

The public transport development 

process utilizes analyzed customer 

feedback and monitoring reports, as 
well as new innovations and best 

practices in the field. 

 
IT-based services: ticket 

purchasing, bus tracking, channel 

for feedback, and information 
available at application and at 

internet. 

 
Development of the ticketing 

system. 

 
Considering the combination of 

trips when planning schedules. 

Income level /income inequity (Gini 

coefficient) 

Increasing share of educated citizens 

and the quality of the education. 
 

 
Promoting education through 

information sharing. 

 

Affordable and sustainable access to 

services and utilities 

Increased accessibility of recreational 

opportunities. 

 

Development of public 

transportation. 
 

Digitalizing city services and 

enabling self-service. 

 

Community safety and crime rate (e.g. 
no. of crimes per 100,000 inhabitants) 

 

 

Increasing the number of educated 

people. 
 

Actions to increase GDP growth. 

 

Using technology and ICT for crime 

prediction, prevention and control 
 

Surveillance cameras in the city 

center. 



70 

 

 

 

Ethnic, cultural, and gender equality 

(income, access to opportunities, etc.) 
 

  

General well-being (life expectancy, 

morbidity and mortality rates, etc.) 

Increasing good work ability and 

decreasing morbidity rate. 

 

Decreasing time to get health care 

services by automating possible 
tasks. 

 

Real-time information about transit 

services and parking 

Increasing the popularity of public 

transportation. 

GPS is used for tracking busses 
real-time at Lappeenrannan bussit -

application. 

Share of total trips made by active 
(non-motorized)/public transport 

modes 

 

Increasing the popularity of public 
and non-motorized transportation to 

reduce emissions. 

 

 
Lappeenrannan bussit -application 

and other actions to increase the 

attractiveness of the public 
transportation and cycling. 

 

Developing cycling routes in the 

city. 

 

Individual safety and security (e.g., 
number of deaths attributable to 

disasters, etc.) 

Decreasing the amount of deaths at 

roads.  

 

Developing safer infrastructure by 
improving critical spots based on 

accident data and by educating. 

 

 

Green transportation modes (e.g. 
percentage of green vehicles, EVs, 

etc.) 

 

 

 

CO2 neutral public transportation by 
2025. 

 

80% of traffic is renewable by 2029. 
 

The public sector of the city of 
Lappeenranta will switch to gas and 

electric vehicles. 

Healthcare services and infrastructure 

per capita 
 

 

 

Developing and increasing 
cooperation among public sector 

and third sector health service 

providers to offer better services. 
 

Use of ICT and smart technologies 
(e.g. RFID) for promoting well-being 

 

 

Developing information technology 

and data management systems to 
improve social work services. 

 

Creating social networks enabling 
elderly to participate decision 

making affecting them. 

 

 

Physical infrastructure component focuses on roads and buildings at the city. 

Indicators are including efficiency of travelling by traffic management and 

infrastructure development (Table 24Table 17). Lappeenranta has identified some 

strategic goals and innovations focusing on these areas. Related innovations include 

utilizing digitalization in the optimization and developing and constructing 

walkways and cycling routes to encourage car-free transportation at the city. These 

innovations are also fostering the environmental goals of the city by decreasing the 

pollution caused by transportation.  
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Table 24 Development targets and SOIs in physical infrastructure (Sharifi, 2019). 

Physical Infrastructure 

Indicators Development targets Related innovations 

Road traffic efficiency, travel time, 

congestion levels, congestion 
management 

 

Innovative development of transport 

and mobility, intelligent integration of 

transport 

 

Digitalization is utilized in city 

planning, traffic management, and 
service production. 

 

Utilizing IT for optimizing 
transportation, smart transportation 

combining. 

 

Sensing and monitoring for real-time, 

smart and automated traffic 

management 
 

  

Cycling infrastructure options and 

facilities 

 

Increasing the popularity of public 

and non-motorized transportation to 
reduce emissions. 

 

Developing and constructing 

walkways and cycling routes. 

 

The Lappeenranta city has clear goals presented in the strategy to decrease levels 

of created carbon emissions and to preserve the natural ecosystem (Table 25). 

Lappeenranta has made many SOIs already to foster environmental protection, but 

new and better ways to operate are still central in strategies. There are naturally 

many development targets and innovations related to this area of smartness. Central 

goal in the natural environment component for Lappeenranta city is reduction of 

greenhouse gas emissions and there are many SOIs presented in the strategy 

supporting this goal. New renewable energy plants are introduced to enable usage 

of the renewable energy for everyone. Increasing energy efficiency through 

physical improvements and through sharing knowledge to change actions are 

represented as SOIs in the strategies.   

 

Table 25 SOIs preserving natural environment in the Lappeenranta city (Sharifi, 2019). 

Natural environment 

Indicators Development targets Related innovations 

Air quality index/ pollution 
concentration levels (SO2, PM 2.5. 

PM 10) 

 

Improving the quality of the air to 

improve the health of citizens. 

 

Real-time air and water quality 

monitoring via sensors and data 
shared at internet. 

 

Guidelines for collecting sanding 
sand reduce street dust in the air. 

 

Educating citizens to burn wood 
with less particle emissions. 
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Penetration level of clean and 
renewable energy sources 

 

 

Reducing greenhouse gas emissions 
80 % from 2007 level until the year 

2030. 

 

Introducing new renewable energy 

plants. 

ICT-enabled environmental 

monitoring infrastructure and 
activities 

 

 

 

Smart technology is used to 

decrease maintenance costs of 
buildings. 

 

Sensors to monitor water and air 
quality and technology to share 

information online in real-time. 

. 

 

Per capita GHG emissions ((CO2, 

N2O, CH4) footprint, concentration, 
etc.) 

 

Reducing greenhouse gas emissions 

80 % from 2007 level until the year 
2030. 

Many innovations are supporting 

this key goal of the city. 

Energy intensity of the economy 

(Units of energy/unit of GDP) 
 

Efficient management and use of 

energy (buildings, public spaces, etc.) 

Lappeenranta city has signed Energy 

efficiency agreement and has thus 
committed to achieve 7,5 % energy 

savings from 2015 level by 2025. 

 

 

Participating to campaigns and 
informing citizens of better ways to 

operate. 

 
Demand flexibility related 

cooperation projects. 

 
Switching outdoor lighting to LED 

bulbs. 

 
Energy certificates are used to map 

best development targets. 

 

 

Using ICT for energy management, 

monitoring and saving (e.g., smart 
metering) 

 

 
Digital devices are enabling remote 

reading and billing by consumption. 

Proportion of recycled waste (per total 

kilogram of waste produced/per 

person) 

The recycling rate of municipal waste 
will increase from 50% to 55% 

Amount of collected plastic is 
doubled between 2017 and 2021. 

Environmental/ecosystem protection 

activities and efforts 

Central strategic goal. 

 
Share of energy and environment 

related jobs is 15% in 2021. 

 
Focusing on environmental and 

energy business and creating 215 new 

jobs. 

 

Sustainability assessment is guiding 

decision making and acquisitions. 
 

Developing emissions accounting, 

life cycle models and climate 
impact assessment 

 

Increasing use of recycled materials 
and wood in new building projects. 

 

Components under Group B are stronger related to the SOI levels framework 

introduced in this study because actions from the citizens are also needed to reach 

the goals. For example, public transportation or recycling facilities can be 

developed to offer excellent opportunities for making more sustainable choices, but 

if people are not interested in changing their behavior, SOI is not significantly 

improving the situation. Recycling awareness education has a positive correlation 
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to attitude towards environmental behavior (Aksan & Çelikler, 2019). When 

sustainability is the target, the content of the education is central. Making recycling 

and usage of public transportation and shared vehicles a norm in society is 

improving environmental behavior. Aware citizens can also put pressure on 

companies to encourage them to improve their products and ways to operate.  
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6 ANALYSIS AND DISCUSSION 

 

Lappeenranta city has achieved a good development state in many smart city 

indicator areas presented in this study. In this chapter, the reasons behind this 

success are discussed, and the smartness of the Lappeenranta city is evaluated based 

on the collected qualitative data presented in this study. It is discussed which factors 

are fostering smart city development and what are the challenges for adopting the 

smart city approach. Based on this analysis, a roadmap for increasing the smartness 

and sustainability of the city is created. 

 

The aim of a sustainable smart city, in general, is to increase the QoL of citizens 

while enabling future generations to have a good life as well. Urban sustainability 

can only be achieved by promoting all levels of SOIs in the city. This study has 

reviewed the smart city approach as a way to reach a sustainable state while 

increasing the QoL in urban areas through increasing the efficiency and 

effectiveness of SOIs. Based on this study, two angles of entry in the sustainable 

smart city approach are important when the target of the city is to increase the 

sustainability of the urban area. Firstly, what are the abilities to become a smart city 

and to make SUD and secondly how sustainably the city is currently operating. The 

first area is based more on Group A components, including creativity and ability of 

human capital to innovate, operating environment enabling information sharing and 

cooperation, and state of mind enabling effective SOIs in the city. As stated 

previously, SOIs are necessary to solve complex sustainability issues and due to 

this complexity, collective intelligence is needed. This means that stakeholders of 

the city are working together to identify and solve common problems of the city, 

instead of focusing on solving their own issues by themselves. 

 

Based on the collected data and theoretical findings, the city is currently relatively 

smart while considering that being “smart” is not a specific goal of the city. The 

most desired strategic scenario is presenting similar goals to what a smart city has, 

and many individual goals are increasing the smartness of the city in the future as 

well. The main areas where the city is currently doing well related to the Group B 
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components from a sustainability perspective are related to public transportation, 

cycling infrastructure, renewable energy production, and a possibility to use 

services online, supported by online authentication provided by banks. The city is 

not that densely populated, which poses challenges to public transportation. City 

actively receives feedback related to public transportation in the area and has 

launched an application for online ticked purchasing and vehicle tracking to provide 

a better service experience. A relatively low density of population is one key enabler 

of the praised cycling infrastructure of the city. The well-functioning cycling 

infrastructure is an important fosterer of sustainability in the city because it supports 

emission-free transportation. Cycling infrastructure does not include any 

specifically smart innovations, but it represents the sustainable values of the city. 

The city has also invested in renewable energy production and has actively worked 

to cut the emissions produced in the city. Strong green values and goals are once 

again supporting smart city development. Strong online identification offers great 

opportunities for providing even personal services online.  

 

An integrated smart city platform for managing data could still be developed to 

support smart functions in the future. ICT usage to foster innovations could also be 

supported in the city. To support the smart and sustainable development of the city, 

it is important to analyze also contributing factors of SOIs and SUD. Many factors 

are supporting cooperative problem-solving platform adoption and SOI creation in 

the city. Many citizens are well educated and have good enough ICT skills to 

participate innovation process through an online platform. Practically everyone is 

literate and has access to the internet that are some fundamental requirements when 

cooperative urban development is the focus. Transparency of the government and 

will to be sustainable are also supporting SOI creation and smart solutions. ICT 

infrastructure is good enough to support smart solutions and cooperative SOI 

creation in the city. Many of these supporting factors are nationwide features, but 

the state of mind of the city is a strong contributing factor to sustainable smart city 

development.  
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Also, some central challenges related to sustainable smart city development 

emerged. Economic factors are for sure limiting the opportunities to develop smart 

solutions in the city, but there are also other challenges related to engaging the SHs. 

While sustainability issues are affecting everyone, making incentives to engage a 

wide range of SHs could be challenging. A shift in values is an important factor in 

spreading the ideology of solving common problems together. Cooperation with 

universities could be a smart way to start. For sure, smart solutions can also be 

developed without engaging all SHs in the process, but the sustainability of the 

solutions might reach lower levels when for example only experts of the area are 

framing problems and developing solutions. Overall, Lappeenranta city has a great 

potential to utilize the smart city approach to foster SUD through intensifying the 

SOI creation process. Strategic trends of the city seem to be increasing the 

sustainable smartness of the city also in the future. The city is focusing on open 

information and document sharing, and two-way communication. The city is 

actively collecting feedback and ideas to support the development of the city, and 

the importance of developing ICT-based services is noticed in city strategies. South 

Karelia of high competence -future scenario is having similar targets than smart city 

development.  

 

Previously in this study, the possible outcomes of the increased smartness have been 

discussed, but certain steps to reach smartness are not given in the literature. As 

mentioned, the main aim of the smart city ecosystem is to increase the QoL of the 

people through fostering innovation activities. When sustainability goal is included 

in the smart city, the importance of cooperation among SHs and system building 

aspect increases. One key value of the smart city is the ability to support and 

facilitate cooperation among different actors in the city. The city has the ability to 

fund smart projects, support entrepreneurship, make incentives through the fiscal 

and regulatory system, and the city also has the ability to promote sustainable values 

through education. This makes Lappeenranta city an excellent environment for 

system-level SOIs. When the values of individuals are promoting sustainable 

development, the only issue then is how to make effective innovations. If SUD is 

fostered straight through developing Group B components, the development is 
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probably not reaching the systems building level, and SOIs are in most cases staying 

on operational optimization and on organizational transformation levels. Besides 

creating SOIs to support SUD, also increasing the ability to create and eagerness 

and to use these innovations is central. Lappeenranta is strongly pushing the values 

in the city towards sustainability, so the potential of the city to become sustainable 

and smart can be considered significant. 

 

Based on the theoretical findings and data presented in this study, a possible 

roadmap for the city is created. The first step in the roadmap (Figure 17) is to engage 

the city in the smart city approach through researching the opportunities to achieve 

the city’s strategic goals through smart city development. If smart city development 

is seen as beneficial for the city, establishing a workgroup to support the project 

should be considered. 

 

 

Figure 17 Smart city roadmap for Lappeenranta city. 

 

Defining a long-term vision and objectives is mostly based on the current city 

strategy, but some new objectives need to be included to support the smart city 

development project. Creating an ICT-based smart city platform is important to 

utilize the collective intelligence, but also making use of ICT to solve current 

1
• Define an initial motivation and set up a smart city work group

2
• Define a long-term vision and objectives for smart city development

3
• Define a procedure of producing, selecting, implementing, and evaluating the smart projects

4
• Setting up a smart city platform to support cooperative SUD process and smart applications 

5

• Engage SHs and create incentives for participation

• Educate citizens to promote value shift towards sustainability

6
• Generate and implement smart projects

7
• Monitor and evaluate the results of the projects

8
• Promote sustainable values and smart practices in the long run
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challenges of the city is central. Ideas of how to do it might still be collected through 

the smart city platform, so it should be established in the first place. When the 

platform exists, engaging SHs in the innovation process must be done. Informing 

and educating SHs and making incentives for participation is important. Individuals 

can see the participation as a way to make an impact and increase their own QoL 

and companies can harvest solutions to their issues from other SHs and offer their 

services and ideas to issues that arise. Organizations can also find new partners and 

cooperate with other SHs to intensify their business. Working cooperatively is 

increasing the chance of making system-level SOIs and increasing the sustainability 

of the city significantly. Educating citizens to understand sustainability issues and 

to increase their creativity is important. 

 

Generating and implementing a smart project to support SUD is systems building 

level needs to be usually supported by several SHs to be effective. Ideas for the 

projects could be found from the smart city innovation platform, where problems 

are defined and solutions are created together. Monitoring and evaluating the results 

of the projects should be made from a sustainability perspective. It should also be 

assessed how outcomes are supporting the strategic goals of the city and how these 

solutions utilize ICT. ICT utilization is not an absolute value, but it has a big 

potential to intensify solutions in the city, so this perspective should be considered. 

When projects are evaluated, SDGs, TBL aspects, and smart city indicators could 

be all used as a basis for the evaluation. Besides initiating and fostering projects, 

promoting sustainable values in the long run is also important. Increasing 

sustainability is not all about technological innovations, but also shifting ways to 

operate in daily life is important. Organizations can make incentives and develop 

more sustainable options for the users, but the user is making the choice if he uses 

the new solutions or not. For example, public transportation can be developed to 

meet the need of the user better, and while the price of public transportation and 

private motoring can be changed, the individual is making the ultimate choice of 

which transportation mode he is using. While the price might be a good motivator, 

also interest towards sustainability can support better choices in life. This cycle 

should be started from the beginning to update objectives and ways to work. 
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7 CONCLUSIONS 

 

The smart city concept has been gaining more interest recently as a fosterer of SOIs 

and SUD. This research aimed to identify relationships between the smart city 

approach, SUD, and SOIs and to research Lappeenranta city in a smart city context. 

Research questions and conclusions are presented in Table 26. 

 
Table 26 Conclusions of the study. 

Research question Conclusion 

RQ1: How smart city agenda supports 

SUD? 

➢ Smart city approach supports 

effective SOI creation by utilizing 

ICT-solutions. Development is 

made through innovations. 

➢ Smart solutions can increase 

sustainability. 

RQ2.1: What is the development state 

of Lappeenranta in smart city context? 

➢ Group A components could support 

smart city creation and SOI 

platform launch and usage. 

➢ Group B components could be 

developed further to increase 

sustainability of the city. 

RQ2.2 How sustainable smartness of 

the Lappeenranta city could be 

enhanced? 

➢ By launching smart city platform 

for cooperative problem solving 

and innovation. 

➢ Utilizing ICT in city development 

and SOIs. 

 

It was concluded that a smart city is a place where ICT is utilized to connect a wide 

range of stakeholders to increase innovation efficiency and support SUD. The smart 

city approach is creating better conditions for sustainability-oriented innovations by 

increasing the cooperation among stakeholders throughout the innovation and 

development processes. The smart city is about engaging the citizens in the urban 

development process, preferably through common innovation platform and 
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intensifying the solutions by ICT. Smart solutions are then increasing the 

sustainability of the city. Based on the theoretical sources, seven smart city 

components and several indicators to assess these components were identified. In 

this study, components were divided into two groups based on their ability to 

support innovation and SUD. Group A included technological, governmental, 

human, and economic components and Group B consisted of natural environment, 

physical infrastructure, and public services components. The development state of 

Group A components are not having so much straight effect towards urban 

sustainability, but these factors indicate how good are the capabilities to innovate 

to develop areas related to Group B components that are increasing urban 

sustainability in a more straightforward way. Basically, Group A components are 

measuring the conditions to innovate in a smart way to develop Group B 

components and increase sustainability through these innovations.  

 

The current development state of Lappeenranta city was studied related to all seven 

components by collecting qualitative secondary data related to the situation in 

Finland and in Lappeenranta. It was found out that situation related to Group A 

components was relatively smart and could easily support smart city creation and 

SOI platform launch and usage. ICT infrastructure is strong, and so is the know-

how related to the usage of it. ICT infrastructure alone is still not making a city a 

smart one because this potential is not utilized for smart city development purposes 

fully. Based on this study, the best way to enhance the smartness of the city is to 

launch an innovation platform to make use of all stakeholders of the city as problem 

identifiers and solvers. It is important to find a way to engage citizens and other 

SHs to use this development and innovation platform. University, organizations, 

the city, and individuals could work together to increase the QoL in the city. Based 

on the problem finding organized at the platform, projects could be picked and 

launched, and solutions could be generated together. Development state among 

Group B components is a little less advanced, but the city is still doing well on a 

global scale, and much is done in the city related to these areas. 
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Smart solutions could increase the sustainability of a city significantly while 

increasing the QoL of citizens. Literature was not giving tools to measure the 

smartness of a city unequivocally, and thus it would be important to develop a 

strong assessment and development framework related to this area. Smartness is a 

complex matter that goes beyond single smart solutions. Both the literature and 

practice should focus on demonstrating the results of the smart development with 

concrete examples and evaluation of the effectiveness of the solutions towards 

sustainability and QoL. Highlighting concrete benefits would encourage cities to 

pursue smart development. In this study, smart development was divided roughly 

into two areas, Group A and Group B, and based on the findings, it seems that 

increasing the smartness of Group A first could be beneficial to reach a smart state 

among Group B components. While smart city development focuses on creating 

solutions cooperatively for a city itself, sustainable smart solutions could benefit 

from the cooperation and information sharing that extends beyond a city itself. 

Creating a state-wide platform for identifying development targets and solutions for 

a bigger group of SHs could increase global sustainability more effectively and 

could enable better and more wide-reaching solutions to complex sustainability 

issues. Lappeenranta city could become a global example and a trendsetter in 

sustainable smart development area by measuring the effect of a smart development 

towards sustainability. 

 

Limitations of the study are related to a lack of previous research related to smart 

cities and to the secondary data collected and used for the evaluation of 

Lappeenranta city. A smart city is a relatively new concept, and the intangible 

nature of smart cities is making it hard to define strictly. There could be more 

research done related to smart city development roadmaps to make it easier for 

cities to become smart. All cities are having their own issues but creating a general 

roadmap could still foster smart city development. Data used in this study is 

potentially giving a too positive picture of the current situation and future goals of 

the Lappeenranta city. Evaluating the smartness of the city is difficult because areas 

of assessment and indicators are not easily rated. While giving any numerical rates 

indicating the smartness is hard, comparing the smartness of cities could be easier 
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based on the evaluation method used in this study. It could also be researched how 

adopting the smart city approach is really fostering SUD and the creation of SOIs 

in urban areas and what are the effects towards sustainability. 
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