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Abstract  

Modern cities must overcome complex challenges to achieve socio-economic development and to 

improve the quality of life as the urban population is rapidly increasing. The concept of smart cit ie s  

is a response to these challenges. Thus, emerging technologies that are key enablers for the 

development of a smart city are said to be IoT and 5G. To deploy such technologies , however, may 

be expensive and requires the involvement of multiple actors. Hence, lack of cooperation and 

coordination for planning, financing, deploying and managing the city’s operational networks 

makes it even more difficult to overcome such challenges.  Further, waste management companies 

and parking services operators in a city have expensive operation costs  and services inefficiency due  

to little utilization of IoT-based solutions. This paper identifies and analyzes smart city ecosyste m s,  

value networks, actors, actor’s roles, and business models in order to illustrate business 

relationships and provide business opportunities in the development of smart and sustainable cities  

through cooperation and collaboration among involved actors . Target actors that this study focuse s  

are on Mobile Network Operators, Parking Services Operators, and Waste Management Companies, 

and uses smart parking and smart waste collection as use-cases. Results show several cooperative 

business scenarios that can lead to successful business relationships and opportunities.                 
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Sammantattning  

Moderna städer måste komma över komplexa utmaningar för att åstadkomma social ekonomisk 

utveckling och förbättra livskvalitén då   stadsbefolkningen ständigt ökar. Konceptet  smarta städe r 

är svaret på dessa utmaningar.  

Således, teknologier som sägs vara nyckelfaktorer i denna utveckling sägs vara IoT och 5G. För att 

distribuera dessa tekniker, kan bli dyrt och påverkar många aktörer. Därav, brist i samarbete och 

koordinering av planering, finansiering, distribuering och kontrollen utav sta dens operativa nätverk 

gör det ännu svårare att komma över dessa utmaningar. Ytligare,  avfallshanterings företag och 

parkeringsbolag i staden har dyra driftkostnader och ineffektiv service på grund av bristande 

användning av IoT-baserade lösningar. Denna rapport identifiera och analyserar smarta städers 

ekosystem, värdet av nätverket, aktörer och dess roller samt affärsmodeller för att illustrera 

affärsrelationer och erbjuda affärsmöjligheter i utveckling av smarta och hållbara städer genom 

samarbete mellan berörda aktörer. Studien fokuserar på mobila nätverks operatörer, parkingsbolag, 

avfallshanteringsbolag och använder smart parkering och smart avfallshantering som 

användningsområden. Resultatet visar olika affärs samarbetsmöjligheter som kan leda till 

lönsamma affärsrelationer och möjligheter.  

Nyckelord  

Smarta Eko-städer, Värde Nätverk, Affärsmodeller, Samarbeten, LPWAN, MNOs 
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1 Introduction 

The smart city concept has been around for some time, however, depending on the intended 

approach for a city to be smart has led to various definitions of the term smart city [4]. Regardless of 

its description, the need for cities to be smart is obvious as more than 5 billion people will live in 

cities, in the year 2030 according to the United Nations Population Fund, which is around 66 

percent of the world’s population [2]. Europe has 75 percent of its population living in urban are as,  

this figure is projected to increase up to 80 percent by the year 2020 [4]. This is a huge challenge  as  

well as an opportunity for actors involved in the development of smart cities, such as IT and telecom 

operators, energy companies and municipalities. Cities, however, can only be smart when the re  is  a  

platform that is collaboratively and cleverly gather information and produce data to improve the 

efficiency, sustainability and quality of life for citizens and for the next generations [1][3].  

The rise of cities to be smart, the introduction of IoT and feasible 5G deployment have enlightened 

ICT vendors (hardware equipment and software), mobile telecom ope rators and application 

developers to seek new market places and revenue generation opportunities leading to the 

introduction and deployment of new varieties of hardware technologies, services and connectivity 

platforms. However, most businesses are not certain on how to approach such opportunities in the 

context of business modeling even though they comprehend the potential gains [8], this is maybe 

due to the fact that ICT vendors, operators, and developers are more focused on the capabilities of 

technology systems for smart city solutions rather than engagement of new business models that 

start with the dynamics of city administration and service provisioning [10].  

Further, communication infrastructures, connectivity platforms, and service applications are 

separately deployed and managed by different actors (public and private sectors) with different 

purposes to serve without collaboration between them. To solve this problem requires that, these 

actors to collaborate more in terms of financing, planning, dep loyment, and operation. For instance, 

to design and come up with a collaborative business platform.  

 

Figure 1-1: Representation of urban versus rural population for a hundred years. The figure is adopted from [97]. 
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1.1 Background 

Modern cities must overcome complex challenges to achieve socio-economic development and to 

improve the quality of life. The concept of smart cities is a response to these challenges. Thus, 

emerging technologies that are key enablers for the development of a smart city are said to be IoT 

and 5G. However, to deploy such technologies may  be expensive and requires the involvement of 

multiple actors such as telecom equipment vendors (TEVs) and mobile network operators (MNOs) 

as well as organizations that are involved in the wellbeing of a city. Example s of such organizat ions 

include waste management companies (WMCs) and parking services operators (PSOs).  

Further, lack of cooperation and coordination for planning, financing, deploying and managing the 

city’s operational networks makes it even more difficult to overcome such challenges.  As stated 

earlier, communication infrastructures, connectivity platforms, and service applications are 

separately deployed and managed by different actors (public and private sectors) with different 

purposes to serve. For instance, municipalities deploy and operate district heating, streetlight, 

traffic control, and parking systems as well as municipality broadband networks. Energy companies, 

broadband, and mobile operators have also their own different networks to deploy and operate 

separately.  

In addition, many ICT organizations such as IBM, Alcatel-Lucent, Schneider, Hitachi, Huawei, 

Siemens, Oracle, Microsoft, Fujitsu, SAP, CISCO, etc.; have recent ly entered smart city development 

business and developed either end-to-end, on-demand or focused solutions [21].   

However, most actors if not all, solely invest, deploy and operate their contribution to the 

development of smart cities. This is due to the city’s multiple parties, stakeholders, processes and 

different interests. More importantly, there are no clear cooperative business models and 

standardizations that satisfy such diversity [22][23][24]. This has led to complications for actors to 

cooperate and widens involvement exclusivity. 

1.2 Problem Statement 

Traditionally, MNOs mainly offers three services to generate revenues, voice calls, SMS and data. 

However, high competition among MNOs, ISPs and the emergence of new technologies  (so-called 

over-the-top (OTT)), that facilitate the existence of social media platforms such as WhatsApp, 

Facebook messenger, Viber, etc., which offer both voice calls and short text messages for free locally  

and internationally, has forced the traditional MNOs to continuously expand their business scope by 

offering new services, products, forming partnerships and  sharing resources with other industries 

and among themselves to increase revenues and to be competitive in the market.  

On the other hand, waste management companies (WMC) such as Vafabmiljö AB and Stockholm 

Vatten och Avfall AB, as well as, parking services operators (PSOs) such as Västerås Parkerings AB,  

Stockholm Stads Parkering AB and Q-Park AB spend a lot of money for their daily operations to 
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meet the city’s needs. For instance, in the case of waste management, there are dozens of vehicles 

and hundreds of human powers to collect garbage. These vehicles consume fossil fuels and need 

constant repair and maintenance that cost a considerable amount of money, not to mention time 

and expenses spent on human resources. Further, both parking services and waste management 

play a crucial role in the development and sustainability of smart cities.   

This paper attempts to address observed problems through cooperation and collaboration among 

actors involved in the development of smart cities, in particular, MNOs, WMCs, and PSOs. It aims 

to answer the following research questions:  

What are the drivers for cooperation and what cooperation problems are to be solved for the 

development of smart cities? 

It is very significant to answer these research questions not only  because of the above observat ions; 

increase revenue for MNOs, reduce operation costs and meet smart city demands for WMC and 

PSOs, but the continuous transformations of smart city approach. Responses to these questions are  

valuable to illuminate opportunities for actors to collaboratively take advantage of values that a 

smart city proposes and meet its needs. 

1.3 Motivation 

Smart city actor’s cooperation and coordination in terms of planning, financing, deploying, and 

operating smart city services can prove to be an effective approach to reduce costs and maximize 

service efficiency for the development of sustainable urban area s. Moreover, cooperation and 

coordination allow actors to expand their business domain, explore new markets and encourage 

actors to share resources and knowledge in order to effectively address smart city needs such as 

economic and environmental sustainability.     

1.4 Goal 

The goals of this degree project study are to illustrate business relationships and provide business 

opportunities among actors involved in the development of smart cities, in particular, mobile 

network operators (MNOs), parking services operators (PSOs), and waste management companies 

(WMCs) through cooperation and collaborations.   

1.5 Delimitations 

This study intends to cover cities in Sweden that are transforming to and/or have the potential to 

become a smart city. There are many crucial actors and actor’s roles involved in the developme nt  of 

smart cities, however, this study includes only MNOs, WMCs, and PSOs. Other possible actors are 

only described to the extent that is necessary to understand their relevance.  The research 

investigates technological and business partnerships among chosen actors and their roles. 
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1.6 Structure of the Thesis 

Chapter 2 explains the methodology performed to carry out this study. It includes how the re se arch 

is structured and methods used as well as its data collection, validity, and reliability. Chapter 3 

presents scientific grounding and background information about each of the smart city compone nts  

(ecosystem, value networks, business models, actors and actors’ roles), its actor cooperation drive rs  

and problems, as well as its technological aspects. Chapter 4 contains the analysis and discussions 

based on the information observed and presented in Chapter 3. Then, finally, conclusions along with 

recommendations and future works are presented in Chapter 5. 
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2 Research Approach 

The purpose of this chapter is to provide an overview of the research approach and methodology 

exercised in this thesis project, why its chosen, and its defects. Therefore, it starts with the re se arch 

process in Section 2.1, which describes activities conducted for this research study. Followed by 

Section 2.2 which discusses the details of the research methods used, while Section 2.3 

demonstrates the data collection approaches, validity, and reliability. 

2.1 Research Process  

In this section, several activities are carried out to be able to answer this study’s research question 

and achieve their objective. For that, the activities that are performed include an extensive literature 

study on available smart city concepts (definitions), its ecosystem, value networks, business models, 

actors and roles, and ICT involvement and role in the development of smart cities. Moreover, 

cooperation drivers and motives, as well as obstacles and potential problems that need to be solve d,  

are addressed. The purpose of carrying out such an extensive literature study is to provide a broade r 

background to the in-question topic that this thesis is attempting to address (actor’s cooperation 

analysis for smart city development). The literature reviews consist of understanding the current 

state and to provide scientific grounding to develop a conceptual background for this master the sis .  

These activities are deeply discussed in Chapter 3, yet, they are characterized and briefly d iscusse d  

the insights they provide in the following: 

Smart city concepts and ecosystems provide a basic understanding of smart city concepts and 

definitions as well as ongoing smart city developments. Further, their deep deliberations pe rm it to 

gain insights into its ecosystem and landscape through classifying the ecosystem and drawing actors  

who are active in each classification in order to target specific actors and industries (Smart Waste 

Collection and Smart Parking Services).           

Smart city actors and roles, value networks, and business models  assist to identify and understand 

the types of actors involved in the development of smart cities, their roles, and their current 

cooperation approaches as well as the concept of value networks  and how these actors create or co-

create value to be able to evaluate their business relationships and possible business opportunitie s 

through cooperation. Further, smart city business models are required to assess business model 

suitability of observed business relationships and cooperation opportunities.     

Cooperation drivers and obstacles. In order to suggest business opportunities through cooperation 

for smart city actors and stakeholders, cooperation drivers for enterprises must be identified and 

discussed to fundamentally motivate suggested cooperating business scenarios for this study . 

Moreover, addressing obstacles and problems of enterprise cooperation allows to come up and 

suggest strong cooperating business opportunities for actors in the development of smart cities.   
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ICT involvement. Since ICT is widely recognized as one of the main enablers for smart cities 

development, it is essential to learn and compare available ICT technologies in order to examine ICT 

actor’s positions, activities, and resources to be able to analyze possible business relationships with  

other smart city actors such as waste management companies (WMCs) and parking services 

operators (PSOs) for cooperation.     

Discussions, outcomes, and conclusion. As a result of the conceptual background gained from the 

above activities, the actor’s cooperation analysis and discussions are carried out , and several 

outcomes are drawn for this research project.  Finally, a conclusion is provided and possible future 

work.  

Furthermore, three models namely, Activities-Resources-Actors model, Value Network Analysis 

model, and Business Model Canvas are used for observed conceptual background, in order to 

analyze involved actor’s business relationships and opportunities, value co-creation, and to visualize 

suitable business models respectively.  These models and the reasons behind their selections are 

briefly described and discussed in the following section (Section 2.2). Figure 2-1: shows the 

activities and steps conducted in order to carry out this research as well as subsequent outcomes 

and conclusions.    

 

Figure 2-1: Research Structure 

2.2 Research Method 

This master thesis provides applied research, where a multi-method approach is followed to 

scientifically implement this thesis study’s objectives as well as activities mentioned in Se ct ion 2.1 .  

Subsequent five approaches are utilized:      

Method one 

An extensive literature study is conducted through Google Scholar, ScienceDirect, IEEE Xplore, 

ResearchGate, Springer, and KTH library directories to cover the related areas that provide insights  

and knowledge to achieve the overall objective of this study. Covered areas include smart city 
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concepts and definitions, smart city ecosystems, value networks, smart city business models, sm art  

city actors, and actors’ roles, cooperation drivers and obstacles for smart city actors, and ICT 

involvement in smart cities.   

Method two 

Primarily, data used in this thesis project is mainly a secondary data, that is recent and available 

research works on relevant topics observed through literature review observations from method 

one. Further, discussions through meetings with expert opinions (supervisor, examiner) are also 

considered to help shape collected data. However, the initial plan for the data collection m e thod in 

this study was to interview concerned actors (PSOs, WMCs, and MNOs) in order to understand the 

target actor’s current situations regarding smart city development. Contacted actors include 

Stockholms Stad Parkering AB, Västerås Parkering AB, Q-Park AB, EasyPark AB, Stockholms 

Vatten och Avfall AB, VafabMiljö AB, Telia Sverige AB, Tele2 AB, etc. Following are the interview 

questions asked through email:   

1. What is the name of your organization and in which industry do you operate? 

2. Do you have partner organizations? What do you partner with such organizations? 

3. Do you have the interest to expand beyond your current business domain? Why?  

4. What are your yearly operation costs?   

5. Do you use technology to deliver your services? What kind, please elaborate? 

6. Do you have any policy or strategic plan to smarten your services?  

7. Have you ever participated in any smart city initiative? What were your intentions, goal?  

8. Would you like to partner with other smart city actors for the development of a smart city? 

Unfortunately, we managed to get only one response from Stockholms Stad Parkering AB. The 

responded officer Anne Lintala who claimed to be a communications officer in the busin ess support  

department seemed to have no authority to answer all our questions. As a result, she answered some 

questions, ignored or completely refuse to answer the rest (see Appendix A for reference). For that ,  

the data collecting method for this research work is considered secondary data as mentioned. In 

addition, collected data’s validity and reliability are discussed in the following Section 2.3.  

Method three 

Business Model Canvas (Osterwalder, 2009): is used to analyze the target actor’s business 

relationships and value co-creation for cooperation in the development of smart cities through 

observed data in the performed literature study. Furthermore, it is utilized to visualize observed 

business scenarios to be able to suggest business opportunities to target actors for this project 

degree. Several tools for business modeling are considered, among them is the business model 

matrix, which basically demonstrates the control and value parameters to assess a business’s 
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strengths and weaknesses. This model lacks to address important parameters that are esse nt ia l  for 

this study to discuss and visualize. Such parameters include partners (actors who co-create value), 

performed activities and resources possessed by actors, customer segment and relationships, and 

value proposed, as well as other important metrics. For that, the Business Model Canvas is chosen 

to analyze the actor’s business relationships and to visualize proposed business scenarios as an 

umbrella tool, since mostly, it has the competence to fulfill the required features.   

Henceforth, for business relationships examinations, researchers also use Activities-Resources-

Actors model (Håkansson and Snehota, 1995), and Value Network Analysis model (V. Allee, 2008). 

Although there are similarities and differences among these models, in this study,  both ARA and 

VNA are used to support the above-mentioned main BMC model for deep analysis.              

Activities-Resources-Actors model  

ARA focuses on business relationship analysis through mapping. It has the ability to separate and 

identify the activities and resources from actors, to simply  picture the position of actors in the 

business relationships and understand possible activities t hat they can conduct as well as their 

limitations based on the resources that these actors possess. This is important as the ARA model 

allows and assists the assessment of target actors, to illustrate possible business partnerships and 

provide business opportunities insights among such actors through cooperation and collaborations.  

The two main contributions to utilize ARA as a supporting tool in this study are, its segregation of 

activities and resources from actors and visualizing the business relationships through maps.        

Value Network Analysis model 

While VNA aims at how the value is co-created between a network of enterprises.  These enterprises  

can be from the same or different industries. The value network analysis model covers tangib le  and 

intangible deliverables including social, technical, and human resources from a network of 

enterprises that are not necessarily of the same industry. This model is ideal to evaluate value co-

creation for actors involved in the smart cities markets because of the nature of smart city value 

creation which requires cooperation and collaboration of multiple actors with most diverse expertise 

and from different industries. Moreover, the VNA model helps to depict and understand the 

advantages for enterprises to cooperate. These advantages include resource-sharing, knowledge-

sharing, and cost-efficiency. The main advantage of using VNA as a supporting model is its focus 

and intense evaluation of the value co-creation process among cooperating actors.    

Figure 2-1: depicts the flow of applied multimethod approach for this thesis study research methods 

that lead the analysis and discussions to achieve its goal.   
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Figure 2-2: Research Method 

2.3 Data Validity and Reliability  

Data collected for this thesis is based on publicly available data and in some cases  from biased 

actors (interviews). For that, it is maybe considered as an advertisement or marketing material.  

Further, the results achieved, and conclusions derived from these data are to a large extent based on 

biased information.  

Moreover, it is difficult to expose the non-technical data validity and reliability of this paper, unle ss  

conducting a large-scale qualitative study from relevant and multiple trustworthy stakeholders  and 

sources. As of the technical data, the true limitations and performances of presented ICT-based 

technologies can only be achieved by examining each network and/or technology in a real 

deployment.          
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3 State of the art 

The chapter provides scientific grounding of smart cities concept and investigates current smart city  

literature. It consists of four main sections with some of the sections having subsections such as 

smart city ecosystem, smart city value networks, smart city business models and smart city actors 

and actor’s roles. The chapter starts with the definitions of smart cities, followed by cooperation 

among its actors, its ICT context and concludes with a summary.        

3.1 What is a Smart City? 

There is no fixed, standardized and agreed definition upon smart cities in the scientific literature. 

This has caused broader confusion for almost everyone. From academics, scientists, policymakers to 

municipalities, citizens and businesses [32]. According to [33], there are 116 different definitions 

observed in the literature on smart cities. In most of the cases, the definition of a smart city is base d  

on, the intended approach of the definer depending on city’s priorities and challenges, although 

almost all the definitions have the same goal to accomplish; smart mobility, smart econom y ,  sm art  

environment, smart society and quality of life. For instance, the city of Brussels defines a smart  city  

as “A city or region where ICT is combined with infrastructure, architecture, everyday objects, and 

even our bodies. The data generated by this interaction are then structured and processed to 

provide tools that offer a response to urban problems such as social and economic inequality and 

mobility issues” [34]. While Stockholm city describes the smart city as “A city that utilizes 

digitalization and new technology to simplify and improve life for its residents, its visitors , and 

businesses. And to offer the highest quality of life and the best environment for business via 

innovation, openness and connectivity to make the city more economically, ecologically, 

democratically and socially sustainable” [35]. 

 

Brussels 

 

Stockholm 

Figure 3-1: Brussels and Stockholm Smart City Initiatives. Respectively Adopted from  [34][35] 

Further, the European Union (EU) illustrates smart city as “a place where traditional networks and 

services are made more efficient with the use of digital and telecommunication technologies for the 

benefit of its inhabitants and business for better resource use and fewer emissions: smarter urban 
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transport networks, upgraded water supply and waste disposal facilities and more efficient ways 

to light and heat buildings. It also means a more interactive and responsive city administration, 

safer public spaces and meeting the needs of an aging population”  [36]. However, a more 

descriptive and inclusive definition that has been approved by ITU-T Focus Group on Smart 

Sustainable Cities (FG-SSC) says: “smart city is an innovative city that uses information and 

communication technologies (ICTs) and other means to improve quality of life, efficiency of urban 

operation and services, and competitiveness, while ensuring that it meets the needs of present and 

future generations with respect to economic, social, environmental as well as cultural aspects” 

[37]. 

3.1.1 Smart City Ecosystem 

Smart sustainable cities intend to encounter environmental issues such  as climate change and air 

quality, economic growth, and quality of life [38]. This leads to a variety of smart city building 

blocks [5][38][39] which are derived to a more universal smart city ecosystem namely: economic 

development (smart economy), quality of life (smart living), mobility (smart transportation), 

government efficiency (eGovernment), citizens (smart people), and environmental sustainability 

(smart environment). Figure 3-2 illustrates the main smart city ecosystems.  

A. Economic Development  

One of the main drivers of smart city initiatives is the city’s economy. Cities with economic 

competitiveness have the possibility to possess the properties of a smart city. Thus, Economic 

development in a smart city covers all factors around economic competitiv eness such as 

entrepreneurship, trademarks, productivity and flexibility of the employment force and the 

integration of national and international markets [38][39]. Apparently, economic development also 

known as the smart economy plays a key role in implementing development strategy in the conte xt  

of smart cities.          

B. Quality of  Life 

Quality of life is to create an excellent, attractive and friendly urban public space for people to live 

and work. These include high-quality healthcare, education, and housing systems, cultural, social 

and sporting facilities, tourism and safety as well as environment al pleasant buildings for the 

people.  It should be welcoming pedestrians and cyclists with clean air and water, and greener parks 

[40][41]. The idea of smart living is associated with urban life that is coherently inclusive and 

diverse to form an environment-friendly ecosystem.           

C. Mobility 

In a smart city, mobility means the availability and accessibility of integrated information and 

communication technology (communications infrastructure, connectivity platforms, service 
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applications), and environment-friendly transport systems (electric vehicles, intelligent 

transportations, traffic management) [40][41][42]. Smart mobility encourages cities to be 

sustainable in terms of traffic congestions, traffic safety, optimized public and private transport and  

parking spaces. It increases the acceptability of city transport and lowers the emissions of harmful 

gases through ICT.   

D. Government Ef f iciency 

The perception of smart governance determines the approach of executing openness, participat ion, 

transparency, accountability, effectiveness and consistent public policies. According to [40][41], 

public involvement in decision-making and the availability of high-quality public services are the 

main key drivers for government efficiency in a smart and sustainable city. It also proposes to m e e t  

the environmental and social needs of the city’s citizens. Moreover, the use of ICT to digitalize 

government services eases government efficiency in smart cities.            

E. Citizens 

People live in a smart city must acquire the technical skills necessary to take advantage of 

technological facilities that it provides as they are vital entities for the smart city concepts to succeed 

[40]. Smart people are to develop advanced and well-developed educational system and facilities for 

the inhabitants to continuously improve the quality of human resources  and the workforce in the 

city. It also implies the progression of social capital through socio-economic dialogue, social 

communication, social participation and public life impact [41][43]. Further, the attraction, 

acceptance, and integration of other knowledge or skilled workers, people with high qualifications 

and expertise is an extremely valuable contribution to smarten the citizens.        

F. Environmental Sustainability 

Any urban area’s biggest challenge is providing environment -related services as population growth 

causes high emission levels, natural resource consumption and increased waste ejection [40]. The 

smart environment is to improve the quality of the environment and to prevent anything that is 

negatively impacting it through continuously maint ained environment-protective policies. 

Furthermore, the smart environment is also enforcing the adoption of climate change, green waste 

disposal, reduced emission levels, and sustainable natural resource management via technological  

solutions [41][43]. Continuous investment of ICT solutions and technology, in general, is essential 

to achieve a sustainable environment.       
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Figure 3-2: Dimensions of Smart City Ecosystem 

3.1.1.1 Smart City Landscape 

To further understand the smart city ecosystem, the idea of a smart city landscape arises. Unlike the  

ecosystem which determines the building blocks, the landscape depicts a comprehensive single view 

including all objects that leverage the ecosystem to achieve the goals of smart cities. Figure 3-2 

shows a smart city landscape. It contains five main features namely, consumers, industry or service ,  

service provider and operators, and ICT enablers.  

Smart city consumers are the city’s inhabitants and enterprises. The industries and/or services for 

smart cities include transportation (intelligent transportation systems), healthcare (re m ote  he alth  

assistance), eGovernment (online public services), energy (green energy), waste management 

(smart waste disposal), buildings (green buildings) parking services (smart parking management 

systems).  

In addition, service providers and operators for these industries or services can be private, public, or 

public-private partnership companies. For instance, both Stockholm Stad  Parkering AB which is a 

public organization and Q-Park AB, a private-owned parking services management company, 

operates and manages Stockholm’s parking spaces. However, without a sophisticated ICT, neither 

the service providers can deliver their services, nor the city authority can offer efficient public 

services to the consumers in the context of smart cities. This is where ICT vend ors and operators,  as  

well as application development companies,  play a crucial role by bridging services from 

operators/providers to the inhabitants via established communication infrastructure, connectivity 

platforms, and service applications.           

The overall purpose of the smart city landscape is to illustrate what is beneath the smart city 

ecosystem to understand the industries, services, actors and technologies involved in the 

development of a smart sustainable city. Moreover, an interesting observation will be the 



28 | State of the art 

 
 

collaboration of waste management and parking services industries and mobile network operators 

for the development of a smart city. WMC and PSO offer a crucial service for city inhabitants while 

recently, MNOs can conduct business in the areas of communication infrastructure, connectivity 

platforms, and service applications. 

 

Figure 3-3: Smart City Landscape 

3.1.2 Smart City Value Networks 

Before any discussions on smart city value networks, it is important to define the value network 

concept. Differentiating value networks from the value chain would be the best point to start. The 

idea of the value chain is implemented to achieve the goal of designing and analyzing a business b ut  

arises new and more appropriate perception in the field – the value network concept [45].   

According to [46], principally, the value chain focuses on the product, and all its activities surround 

how to produce it. This means each entity involved has a spot in the chain where they add their 

contribution to the value before passing on to the next or to the consumer. In traditional 

manufacturing industries, the value chain idea has proofed to be a useful technique in chaining and 

bridging events to generate value. However, because of, ever-increasing dematerialized products 

and services, value chain concepts and mechanisms tend to be unsuitable to identify, create or 

analyze a value for some companies. Recently, many businesses have shown interest in the 

knowledge economy, intellectual capital, and intangibles, and turn to a more collaborative and 

cooperating attitude with other industries towards their business strategy, where a network 

consisting of multiple players co-create the value using the value network concept and te chnique s.  

Digitalization (flexibility, global, sustainability, agility) and dematerializat ion (intangible assets, 

collaboration) have forced to transition from value chain to value network [45]. However, 

understanding value networks are obscuring in many cases because of their complex and dynamic 

nature of exchanges within one or between multip le enterprises, fundamentally, there are three  ke y  
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ingredients in value networks – Goods, Services and Revenues, Knowledge, and Intangible benefits 

[47][48]. 

Goods, Services, and Revenues are exchanges for services and goods including all transactions and 

payments. While Knowledge is exchanged for technical know-how, policy development, planning, 

and strategic information sharing. And Intangible benefits are exchange d for image enhancing,  co-

branding opportunities, and loyalty, such exchanges are unique to the value network concept and do 

not account in traditional financial measures.         

 

Figure 3-4: This is a Value Networks Representation for Market Innovation in a Technology Company [48]. 

From the above observations, a value chain can be defined as the activities conducted by an 

enterprise to deliver a product or service to its customers from a single industry. And the valu e 

network, as the representation of tangible and intangible deliverables by a network of enterprises. It  

determines the social, technical and human resources in and among enterprises.                   

In a smart city, the value network is the value generated by a network of companies involve d  in the  

development of smart and sustainable cities. The value must reflect the dimensions of the smart city  

ecosystem and achieve its goals. Further, regardless of the aspect approached on smart city enablers  

(user or technology perspective), its value is created based on collective actors and their roles 

mention in the Smart City Landscape Section above.              

From ICT perspective, the MNOs can offer and co-create a networked smart city value with PSOs 

and WMCs from communication infrastructure (deployment of optical, cellular, IoT physical 

networks), connectivity platforms (deployment of 5G, NB-IoT, eMTC, SigFox, LoRa), and service 

applications (development of web portal/mobile apps for data presentation and ma nagement) 

viewpoints for smart cities inhabitants to utilize efficient, sustainable and environment -friendly 

services for waste collection and disposal, and parking-lot management. These scenarios are dogged  
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deep and discussed in Chapter 4. However, Figure  3-5 shows an overall, quick and simple 

demonstration of city inhabitants, MNOs, WMCs, PSOs and Telecom Equipment Vendors (TEVs) 

exchange of smart city value network, depicting both tangible and intangible deliverables.            

  
Figure 3-5: Value Network Exchange Representation Between Smart City Actors 

3.1.3 Smart City Business Models  

Although there is no shared description for business models [49], they can be defined as the 

mechanisms of generating, capturing, and delivering value to a customer [50], including all sorts  of 

values such as technological, economic, social, cultural , etc. However, according to [22],  the most 

broadly adopted business model definition is in [51]: “architecture of the products, services, and 

information flows”, this is because of its identification of actors and roles, and capturing of the 

source of revenue and possible business values. In additi0n, many tools to configure and visualize  a  

business model exist, among most widely used are business model matrix [52] and busine ss  m ode l  

canvas [53] aiming control and value parameters, and value propositions respectively.  

Moreover, categories to classify business models are Unbundling, The long tail, Multi-sided 

platforms, Free, Open [53], and Business model innovation [54]. 

• Unbundling: This model covers all essential types of businesses. It is used by the companies  

that operate in the customer relationship, product innovation, and infrastructure 

businesses.  
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• The long tail: this model can be addressed by the offering of a large range of niche products,  

each of which sells relatively infrequently. Sell less for a more based approach.     

• Multi-sided platforms: this type of model joins multiple symbiotic but separate groups of 

customers together.  

• Free: this model addresses a continuous and free -of-charge offer for at least one 

considerable customer segment.  

• Open access: this type of model creates and captures a value with other companies through 

collaboration and cooperation.  

• Business model innovation: this type of model addresses the concerns of developing a novel  

business model. 

Before discussing smart city business models, it is important to mention multi -tier architecture as 

[49] claims, it is adopted by many successful smart city initiatives. The architecture is developed  b y  

ITU in [55] and aims for smart cities to collect big data without installing large scale facilities. 

Instead, it takes advantage of IoT technology and collects data through sensors, buildings, and 

users-as-sensors. Moreover, multi-tier architecture has five components namely: Natural 

Environment, Non-ICT-based hard infrastructure layer, ICT-based hard infrastructure layer, 

Services layer, and Soft infrastructure layer.     

• Natural Environment refers to local landscape and natural resources.  

• Non-ICT-based hard infrastructure layer refers to facilities like roads, bridges, buildings 

and utility infrastructure (water, energy, waste, etc.). 

• ICT-based hard infrastructure layer refers to ICT-based equipment like broadband 

networks, smart buildings, IoT, cellular networks, etc. 

• The services layer refers to the aggregations of various types of smart services provided by 

smart city stakeholders via corresponding facilities. 

• The soft infrastructure layer refers to smart services for end-users, software applications, 

and data.    

For a smart city, all or any of the above components could make a smart city business model. For 

instance, a TEV like Eriksson could deploy a hard infrastructure IoT facility, an MNO like Telia 

could utilize and provision such facility to profit, and service providers such as waste collection and 

disposal companies earn from their service delivery through such ICT based infrastructure and s o 

on. Further, many different traditional business models can be employed for smart cities but 

because of the nature of the services or products for smart cities, actors , and roles involved in the 

smart city value creation, traditional business models may lead to ambiguous implications [49].  Six  

groups of suitable smart city business models collected from literature findings are summarized in 

Table 3.1. These groups are named: Internet of things, Network ownership, Web-based, E-

commerce, Business model innovation, and ownership business models.           
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Regardless of smart city business model groups and their alternatives, the open -access business 

model pattern is the ultimate choice of the business model for smart cities, according to smart city 

leaders and experts [22][49]. This is due to, the open-access business model pattern allows 

enterprises to interact with other enterprises within or outside their domain of business to co-create  

values, share knowledge, share resources, etc.         

Table 3.1: Smart City Business Models [49]. 

Business Model Description References 
Internet of Things (IoT) 

Direct information payments Digital goods’ direct selling 

Bucherer, 
Uckelmann (2011); 
Gao et al. (2015); 
Perera et al. (2014); 
Casprini et al. 
(2014); 
Dlodlo et al. (2013); 
Silva and Maló 
(2014); 
Elmangoush et al. 
(2013); 
Jin et al. (2014); 
Vilajosana et al. 
(2013); 
Kitchin (2014); 
Valja et al. (2013) 

Advertisements Digital advertisements 
Freemium  Smart service provision, which combines free-of-charge delivery 

(Free) with charges on extras (Premium) 
Pay-per-use/Pay-As-You 
Use/Pay-As-You-Go 

Application of different charge levels, according to content or 
service use. 

Discovery services Information discovery and intelligence services 
Decision-making add-ons Software add-ons on existing applications 
Electronic Data Interchange High-level data access contracts 
Service-Level-Agreements  High quality of service availability contracts. 
Alert services  Services that offer pre-analyzed information alerts 
Co-creation Information co-creation and co-deployment services 
Datamining  Datamining and data-warehousing services 
Product-as-a-Service  Services that enable product payment per-use instead of ownership 
Information Service Provider Services that offer pre-analyzed information 
End-user involvement Crowd-sensing services 
Right-time Business Analysis 
and Decision making 

Real-time product monitoring services 

Open data product and 
service creation 

Open data utilization for new products or services 

Network Ownership  
Private  Network installation and operation by a single private provider 

Anthopoulos and 
Fitsilis 
(2013; 2014b); 
Alcatel-Lucent 
(2012) 

Exclusive  Network installation with public procurement processes by a 
private contractor 

Managed Managed constructor assigns private network management to a 
single operator. Various providers can rent the network and offer 
communication services 

Open  Various constructors can install and operate their private networks 
with procurement processes 

Private  A single constructor can install and operate its private network 

Web-based 
Content Provider  Content Provider Static and/or dynamic digital content provision 

services, i.e. for a product or an organization etc. 

Janssen and Kuk 
(2011); 
Deakin (2011); 
Molinari (2012); 
Ferro and Osella 
(2013) 

Direct-to-Customer  Direct service provision (information, communications or 
transactions) 

Value-net-integrators  Information collection, process and deployment services, which 
focus on customer groups (i.e., businesses) 

Full-Service Provider (FSP)  Organizations provide full services (collaborating with various 
segments or other organizations) directly or via allies owning 

Infrastructure service 
provider 

Infrastructure rental or Product-as-a-Service (PaaS) 

Market Creation Demand and supply matching services (i.e., volunteer network 
structuring) 

Collaboration Collaboration Tools provision for civic-engagement, decision 
making, crowdsourcing, etc.  

Virtual Communities  Groups of common interests are structured and share content 
E-commerce-based 

Value chain integration  Value chain integration Productivity, efficiency and accessibility 
increase 

Turban (2002); 
Yovanof and Hazapis 
(2009); 
Walravens (2012) 
Ferro and Osella 
(2013) 
 

Social networks  Utilize social networks for promotion and selling 
Direct online marketing 
Online  

Online advertisements, newsletters, and campaigns 

Digital malls  Online marketplaces 
Information agents Information service providers 
Affiliate marketing  Online advertisements 
Tendering  Online spaces with tendering options 
Reverse auctioning  Online spaces with reverse auctioning options 
Group purchasing Virtual communities with common purchase interests 
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Customization Services for a custom product or service design and deployment 

Business Model Innovation  
Create business opportunities  A smart facility offering to attract businesses Nam, Pardo (2011) 

Ferro, Osella (2013); 
Lindgren et al. 
(2010); 
Vilajosana et al. 
(2013) 
Anthopoulos, Fitsilis 
(2013; 2014b); 
Amarnath (2010); 
Lee et al (2010); 
Kohno et al. (2011); 
Mulligan, Olsson 
(2013); 
Johnson et al. 
(2013); 
Ballesteros et al. 
(2015) 
Kohno et al. (2011); 
Alusi et al. (2011) 
Anthopoulos, Fitsilis 
(2014b); 
Walravens (2012; 
2015); 
Ferro, Osella (2013); 
Kitchin (2014); 

Smart city know-how to other 
cities 

A city becomes a consultant to another 

Develop high-speed networks 
and smart grids for energy 
management 

Develop high-speed networks and smart grids for energy 
management 

Develop new ideas for the 
urban space 

Urban space enhancement services 

City as a product  Create cities from scratch 
Climate change management  Solutions deployment for climate change monitoring and response 

Develop standards for smart 
city solutions 

Standards’ development and deployment 

Develop cloud services and 
open data 

Smart cloud service and open data provision 

Engage mayors 
internationally to preserve 
climate change and 
establish urban resilience 

City alliances of common interest (i.e., ICLEI, European City 
Innovation Network, etc.) 

Ownership Business Model 
Build Own Operate (BOO)  The smart city planner independently builds the city infrastructure 

and delivers smart city services 

Amarnath (2010); 
Faktory (2014); 

Build Operate Manage (BOM) The smart city planner appoints a trusted partner to build the city 
infrastructure and provide smart city services for a specific period 

Build-operate-transfer (BOT) The smart city planner appoints a trusted partner to develop the 
city infrastructure and services (PPP) 

Build-operate-comply (BOC) The smart city planner provides a more open environment, creating 
a platform for development and allowing private entities to build 
services atop, as long as they agree to certain regulations and 
funding levels 

Municipal-owned deployment 
(MOD) 

The city takes responsibility for the entire project 

Open Business Model (OBM) The smart city planner allows any qualified company or 
business organization to build city infrastructure and provide city 
services 

3.1.4 Smart City Actors and Roles 

There are many different actors in smart cities. Anyone involved in its development, manage me nt,  

operation, and its inhabitants are considered to be smart city actors. The roles for these actors  m ay  

depend on what and how do they interact with each other and do business. Figure 3-6 shows sm art  

city actors and roles framework.   

Moreover, there is no particular and sufficient literature for smart city actors. However, actors and 

roles observed from this study’s literature are aggregated to the main four groups, namely: 

Consumers, ICT enablers, Service providers and operators, and City authority. Each of these 

groups and their underlying actors and roles are briefly discussed as follows.  

Consumers –  this group of actors is fundamental to smart cities as they are the target for the value s  

they offer and the goals they should achieve. Consumer actors include citizens/inhabitants, vis itors  

of the city, organizations such as non-governmental organizations (NGOs), universities, schools, 

and enterprises that conduct their businesses in the city.   
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ICT Enablers – There is undeniable widespread acknowledgment for the ICT to be a smart city 

enabler. Actors involved in the ICT industry for smart cities categorically operate in three dom ains:  

devices domain – this includes actors who manufacture telecommunication equipment and 

hardware devices such as sensors and smartphones, services applications domain – involves 

software companies who develop application for data collection, management and presentation as 

well as any other type of application development that facilitates the consumers, and 

connectivity/infrastructure domain – this area contains actors who deploy and provision physical 

network infrastructure and network connectivity platforms.        

Service providers and operators – Many different sectors involve operating or providing services in 

a smart city by utilizing ICT infrastructure. These sectors include actors operate in the energy, 

construction, waste management, healthcare, transportation, parking space management, etc.    

City authority – this type of actors’ role is to mainly manage and regulate smart cities through 

openness, participation, transparency, accountability, effectiveness and consistent public policie s .  

They can also fit the consumers' role or invest to develop smarten the city with the private sectors.   

One of the fundamental and primary problems in any urban area is waste man agement, costing the  

cities both economically and ecologically a momentous amount [56]. For instance, the city of St. 

Petersburg in Russia consumes 1.8 million liters of fuel yearly, for 476 trucks to collect garbage in 

the city. This costs 9.6 million Swedish Krones (SEK) on average every year [57]. Not to mention, 

the other costs spent on other resources such as truck driver’s salaries and the indirect negative 

impact on the city’s inhabitants such as traffic congestions and air quality. In addition, park ing 

management in an urban area is equally expensive as Stockholm Parkering AB spent over 389 

million SEK on parking management service in 2018, according to one of their communication’s 

representative officers. Unfortunately, the details on how this money  is spent are not provided, 

however, the apparent need for solutions to spend less and sustain the city’s waste and parking 

management is extremely inevitable. In a smart city concept, sustainable, well -organized and 

sufficient eco-friendly waste collection and disposal as well as parking management processes are 

essential [58]. This means applying ICT solutions to urban area issues resolves challenges that 

WMCs and PSOs are encountering. 

On the other hand, globalization, deregulation, and innovative driven  technologies such as the latest 

generations of cellular networks (4G, 5G), IoT and smartphones, have led transformations on the 

way telecommunication businesses were traditionally handled, resulting in MNOs to compete 

internationally [59]. Further, over-the-top (OTT) content services, provided by WhatsApp, Viber, 

Messenger, etc. have cannibalized MNO's traditional core business – voice and messaging [60], 

forcing the MNOs to look for other means to generate revenues and expand their business. 

Currently, MNOs have the capabilities and expertise of doing business in diverse ICT-based fields in 

terms of infrastructure, connectivity, and service applications. Including deployment of 5G [61] and  

IoT [62][63] network infrastructure and connectivity, Datacenters a nd Cloud-computing-based 



State of the artList of acronyms and abbreviations | 35 

35 
 

solutions [64][65], and In-house-application-development [66]. Equipped with the ingredients to 

overcome issues in urban areas via smart city concept, MNOs shall cooperate and collaborate with 

WMCs and PSOs to co-create new business approaches and opportunities.     

 

Figure 3-6: Smart City Actors and Actor’s Roles Framework 

3.2 Actors Cooperation for Smart Cities  

Smart city concept has fueled diverse actors to form business relationships and transforms the  way  

they interact. There are four main types for these business relationships: Coopetition – includes 

cooperation and competition among actors concurrently, Coexistence – actors have no direct 

business exchanges but indirectly influence one another without competing or cooperating, 

Cooperation – actors jointly share resources and co-create values to accomplish mutual goal, and 

Competition – actors contest for the same market penetration and customer segments. Further, all 

relationship types happen to be either vertical relationship, a hierarchical interaction between the 

suppliers and the consumers. A typical example is the conventional value creation procedure; or 

horizontal relationship, an interaction which includes competition as well as cooperation between 

actors. For instance, MNOs compete with telecom network subscribers (market-share) while 

sharing network infrastructure [25][67].         

Furthermore, many reasons could motivate actors involved in the development of smart cities to 

cooperate. However, according to [68], the indispensable causes include cost reductions, decre ase d 

resource dependency, improve service or product efficiency, and increase res ource utilization. 

Regardless of the motivations, and the type of business relationship for cooperation, actors  ne e d  to 

consider cooperation drivers and in particular cooperation obstacles before joining any partnership  

agreements with their counterparts.   

3.2.1 Drivers for Cooperation  

Cost efficiency. Apparently, minimizing expenses and maximizing profits are fundamental to any 

business, a common and modern approach to achieve that, is through cooperation with competitors, 

non-competitors or sometimes both. For instance, joint network infrastructure deployment and 
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operations among MNOs or for WMCs to share tracks that collect garbage which costs them a great 

amount of money. Moreover, PSOs, WMCs, and MNOs can jointly invest an end-to-end ICT based 

solutions for maintaining city’s parking spaces and waste collections and disposals, as well as 

becoming the owners and customers at the same time. Perhaps, this could be expensive to some 

actors but in the long run, it is for certain it saves tremendous amounts both i n their OPEX and 

CAPEX.             

Competitive advantage. Collaborating and cooperating actors appreciate the benefits of value co-

creation, brand co-building, knowledge-sharing and accessing to new markets.  

• Value co-creation allows cooperating actors to possess an extensive understanding of a 

service/product before launching it. This is due to the discussions and insights observed 

among collaborating actors as well as consumer involvement for service/product innovation 

and perfection. These are huge advantages as WMCs and PSOs can help MNOs and other 

ICT actors deliver high-quality services for them to easily and effectively manage their daily  

operations.     

• Brand co-building would be more important and beneficial for small and medium -sized 

businesses or start-ups compare to well-established enterprises. However, there is no doub t  

that co-branding rewards cooperating companies to enjoy marvelous advantages such as 

increased customer base, customer loyalty, good reputation and improved image v ia 

renowned brand association, risk-sharing, and longtime relationships with customers. 

Brand co-building practices include Ingredient co-branding, Sponsorship co-branding, 

Value chain co-branding, and Innovation-based co-branding. An example of brand co-

building is the partnership between Intel, Microsoft and personal computer hardware 

manufacturers such as Dell, Toshiba, Lenovo, Acer, and many other small, and big  b rands.  

Intel processors and Windows OS are used in the mentioned computers.        

• Knowledge-sharing (know-how) reduces resource dependency for cooperating actors. This 

is common but not exclusive when collaborating companies are of the same or similar 

industry. Telia and Tele2 (both Swedish MNOs) combined their expertise/experts and 

jointly formed Sun AB for the deployment, provisioning, and operation of the 3G network in 

Sweden. The same strategy is implemented for the 4G network by Tele2 and Telenor, jointly  

forming Net4Mobility AB. Further, MNOs partnership with TEVs, software development 

companies and other ICT-based institutions including consultants increase technical 

capacity for MNOs through training, information-sharing, support, joint teams for 

product/service innovation and improvements, etc.          

• Access to new markets authorizes business expansion which leads to a feasible increase of 

revenues as doors open for new unaccustomed territories (markets) to penetrate. This could  

be the answer to the obvious quest of MNOs to explore new markets and extend their 

business beyond conventional voice-messaging-based businesses. For instance, 
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incorporating and co-creating values with WMCs and PSO could result in MNOs operate 

and benefit from two unfamiliar industries, the parking, and waste management services.  

Service effectiveness. In a smart city context, digitalization is essential. For that, WMCs and PSOs’ 

need to automate (use of ICT-based solutions such as IoT, 5G, service apps, etc.) their services are 

ever-increasingly inevitable. Not only because of cost and environment sustainability  but for 

advanced service quality and utilization. Collaborating with ICT actors, MNOs , in particular, shall 

be an exceptional joint venture for WMCs and PSOs to accomplish maximum efficiency for the 

services they provide to a smart city. Current MNOs ’ capabilities of deploying and operating 

advanced ICT-based solutions and the little or lack of WMCs and PSOs to provide ICT-based 

services allow such collaboration to succeed and most importantly meet smart and sustainab le  city  

needs.                      

3.2.2 Cooperation Obstacles  

Loss of control. Actors exercising cooperating strategy tend to lose their right and freedom to 

exclusively decide for their products/services, decisions are jointly taken and agreed. Such rights 

include pricing, selling, and marketing approaches, planning, etc. As a result, this could lead to 

considerable dissatisfaction with some actors which can be problematic to the cooperation.  

Less capital attraction. Usually, large investors balance the size of their influence and the amount 

they invest. This is not feasible to a cooperative atmosphere where investments and contributions 

could be high but managed equally, fairly and democratically. Cooperative businesses rather depend 

on themselves and attract smaller investors.           

Slow decision making. It’s common to have centralized authority in traditional businesses which 

makes it possible to decide quick and execute policies fast. However, in a network of cooperating 

entities, the decision-making process is decentralized, and everyone has equal authority, 

deliberations may take a while, causing issues when fast decisions are necessary. As a conseque nce ,  

opportunities may be missed and upset some partners.           

Negative impact on each other. In a cooperative environment, actors probably affect each other 

both directly and indirectly. Thus, earning a bad reputation for one party as a consequence of its 

actions will negatively influence the other collaborating parties causing frustrations. Further, 

conflicting values, missions and visions may harm the relationships.  

These cooperation obstacles are not unique to MNOs, WMCs, and PSOs but all actors involved in 

the development of smart and sustainable urban areas. Apparent nature to smarten and sustain 

cities is compelling actors to collaborate and therefore, it’s necessary for actors to at least consider 

such complications if interested in cooperation businesses. This study is not intending to propose 

solutions to these obstacles.                   
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3.3 ICT Context in Smart Cities 

The use of ICT is fundamental to develop smart and sustainable urban area s. The main trend for 

this ICT utilization is IoT, interconnecting and connecting everything (sensor, actuators) to the 

internet throughout the city for varies needs and purposes to improve citizens, businesses and the 

environment. Although 5G is expected to be prime driver of IoT connectivity and rapidly contrib ute  

its growth, compulsory requirements (low throughput, low latency, long battery life, small frequency 

channels, and wider coverage) for IoT implementation and rollout through traditional cellular 

networks (2G, 3G, and 4G), is difficult as they are expensive to deploy, operate, maintain, and are 

power-hungry [69][70][71]. Instead, Low Power Wide Area Network (LPWAN) technology came to 

existence. Furthermore, in this section, typical wired and wireless technologies such as Fiber optics ,  

Twisted pair, WiFi, Zigbee, and Bluetooth, as well as above mentioned technologies are studied and 

examined their applicability of IoT implementations. The existence of many different terminologie s  

and technologies such as M2M, MTC, eMTC, NB-IoT, SigFox, 5G, actuators, sensors, Cloud-

computing, etc., to achieve end-to-end IoT solutions for smart cities may be bewildering. Therefore ,  

to easily understand, it is categorized into connectivity domain, application domain , and device 

domain as shown in Figure 3-7.  

 

Figure 3-7: Sample ICT-based architecture for waste collection and parking in a smart city. Adopted from [5] 

3.3.1 Connectivity Domain 

Mostly, approaches to achieve network connectivity are wired, wireless and cellular (mix of wired 

and wireless systems) solutions. These technologies evolved through time, some failed and 

immobilized, others succeed and improved to dominate and shape the internet. However, none of 

the mentioned network connectivity technologies are ideal for the deployment of IoT in the 

development of smart cities. For instance, wired (Fiber optic and Twisted pair cables) connectivity’s  

costs, poor scalability, and lack of mobility are forbidding wired solutions to be implemented on IoT 

connectivity, where massive portable and mobile devices’ interconnections are necessary [73]. 

Alternatively, wireless networks such as IEEE 802.11 and IEEE 802.15 are cheap, scalable, m ob ile,  

cost-effective and simple to deploy, but have challenging aspects such as packet loss, latency, 
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throughput limitations, delay and congestion that may affect its reliability and performance 

[74][75]. However, the main problem for these wireless solutions in terms of IoT deployment, is 

their limited coverage (Table 3.2), although some use -cases such as home-automation which 

involves non-critical devices in close proximity (line of sight),  is used. After all, it’s a wireless 

personal area network (WPAN) and cannot be deployed as the main multipurpose infrastructure 

network for IoT [76][77][78]. Cellular networks are known to possess excellent large coverage, 

guaranteed QoS, roaming, handover (the process of moving cell to cell while transmitting/receiving) 

and high security. Cellular networks are global networks but can’t be used for IoT deployment, 

because of their high deployment, operation, and maintenance cost, high power consum ption,  and  

high data rates. 

Table 3.2: Technical comparison for Typical Wireless Technologies 

 Wi-Fi Bluetooth Zigbee 
Specifications IEEE 802.11 a/b/g IEEE 802.15.1 IEEE 802.15.4 

Frequency Band 2.4GHz, 5GHz 2.4GHz 865/915MHz, 2.4GHz 
Data Rate 54Mbps 1Mbps 250Kbps 

Channel Bandwidth 22MHz 1MHz 0.3/0.6MHz, 2MHz 
RF Channels 14 1 1/10, 16  
Modulation BPSK, QPSK, CCK, M-QAM GFSK BPSK, O-QPSK 

Spreading DSSS, CCK, OFDM FHSS DSSS 
Cell BSS Piconet Star 

Data 32 bits 16 bits 16 bits 
Authentication WPA2 Shared secret CBC-MAC 

Range 120M, 140M 100M  75M 

However, the best solutions for IoT network connectivity in smart cities so far is LPWAN, their cost ,  

energy efficiency, flexibility, and wide coverage, as well as excellent signal penetration through 

structures and undergrounds, have made LPWAN systems to gain good reputation to meet the 

unique needs of  IoT devices to interconnect and connect to other non -IoT devices and systems. 

These requirements include control utilization and computational strength as they entail t o 

periodically report small portions of information through long and sometimes harsh outdoor range s 

[72]. LPWAN appears in several forms and shapes as it is diverse sets of low-power, wide-area 

network technologies. LPWAN can be branded (copyrighted) or open standard and use licensed or 

unlicensed frequencies. Figure 3-7 depicts popular LPWAN technologies with mentioned 

characteristics. For further detailed information and comparisons of LPWAN technologies see 

Appendix B.   

 

Figure 3-8: Popular Low Power Wide Area Network (LPWAN) Technologies 
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3.3.2 Application Domain 

Millions if not billions of identified, sensed or detected raw information are periodically transmitted 

through IoT networks. For that, applications to intelligently process, store and present this 

information are essential for machine-to-machine and machine-to-human communications to 

achieve amazing results (smart decisions) [86]. Further, such applications vary and operate from 

end-devices (OS) to end-users (smart applications), and have five main objectives – operation, 

collection, storage, analytics, and presentation. IoT applications domain is divided into end-user 

applications, application services or middleware, and device applications.      

In addition, many diverse actors are involved in the development of these applications. IoT 

equipment vendors develop operating systems and embedded applications for their devices, 

independent software development companies write application codes for varieties of IoT-based 

purposes as well. Hence, it’s important to mention platforms such as Cloud -computing, Fog-

computing, Edge-computing, etc., which guarantee the availability, security , and access of 

information/data as well as huge data storage resources (Datacenters). These platforms are 

therefore the main driver of IoT technology [87].  

Data collection. Include identifying, sensing, detecting, etc., applications. Typically, the se ty pe s of 

applications are simple, small and run on the end-devices such as sensors, actuators, smart vehicles, 

etc. Similarly, smartphone applications are also used for data collection purposes. 

Data storage. Applications that are responsible to store collected data. These applications are  m ost  

powerful and use complex algorithms to manage data, they run on core servers. An example of such 

applications is key-value stores such as Cassandra.  

Data analytics. These types of applications are the component that brings smartness into the whole  

chain. They ensure necessary analysis, mining, and insights on the collected data. These 

applications include machine learning systems.      

Data presentation. Almost all applications for data presentation are rich in contents to fulfill 

simplicity and user-friendly requirements for human interactions. Applications that operate on 

small, low-power devices are not included as they are intended for m achine-to-machine 

communications.  

Moreover, there are two fundamental software platforms that are common and worth mentioning in 

the middleware or applications service . These applications permit the massive deployment and 

management of IoT devices, resolve compatibility issues, allow cloud connectivity, data mining and 

normalization, and automation [5]. These software tools are universally known as connected devices 

platform (CDP) and application enablement platform (AEP).   
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In the case of smart waste collection, it became difficult to find in the literature applications that are  

designed for waste collection without using sensors or actuators. Almost all smart waste collection 

solutions use sensors. However, smart parking is different and there are few end-user applications 

that assist parking services in an urban area without utilizing sensors or any other hardware, 

instead, they rely on historical data for parking lots occupancy information. Among these 

applications are, EasyPark [88] which is a popular application in Sweden and ParkoPedia [89].    

3.3.3 Device Domain 

This domain contains all types of hardware devices and equipment that comprise end -to-end IoT 

solutions. Although nearly all electronic devices are e ver-increasingly getting smart and 

interconnecting, common IoT devices include  smartphones, sensors, actuators, etc. 

Furthermore, several different technologies and sensors are covered in this domain for smart 

parking and smart waste collection services. Nevertheless, three common sensor devices mentione d  

in this section are namely, infrared sensors (active, passive), ultrasonic sensors, and magnetom eter 

sensors.    

Infrared sensors (active, passive). Using energy changes to detect or emit infrared radiation to their 

surroundings, infrared sensors can be used to detect the level of garbage in a dustbin and parking 

lot occupancy. These sensors recognize energy changes when garbage reaches a certain level  that  is  

considered the dustbin to be full, or when a vehicle is parked on the parking lot that these sensors 

are installed. However, they may detect inaccurate information as they are responsive to the 

environment changes (i.e. rain, snow, etc.). Further, infrared sensors are maybe useful for indoor 

parking lots and garbage bins, but not for outdoor parking spaces [90][91][92].           

Ultrasonic. Emitting sound waves from 25kHz to 50kHz and detect through reflected energy, 

ultrasonic sensors can also be used for smart parking and smart waste collection. However, they, 

too, are sensitive to the environment changes and their use case would be limited to indoor parking 

spaces. Besides, these sensors are cheap and applicable to connect wireless networks such as ZigBe e  

and other LPWAN networks [92][93][94].     

Magnetometer. Unlike the above-mentioned sensors, these sensors are not sensitive to the 

environment changes, they have long battery l ifetime, and are wireless sensors that can be 

connected to LPWAN networks. Magnetometer sensors use electromagnetic field changes to de te ct  

the parking space occupancy information and the level of garbage in the dustbins. Therefore ,  the se  

sensors are suitable for both indoor and outdoor parking lots and all kinds of waste bins  [90][92].    

3.4 Summary  

In this section, it is summarized the contents of chapter 3, and to begin with the smart city conce pt s  

and definitions, several smart city ecosystems have been identified and explained as economic 
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development (smart economy), quality of life (smart living), mobility (smart transportation), 

government efficiency (eGovernment), citizens (smart p eople), and environmental sustainability 

(smart environment). Then, to further understand, a smart city landscape framework is presented 

(Figure 3-3), where actors are separated from the industries they operate and services they provide  

in a smart city for illustration (Sections 3.1 – 3.1.1). The focus, however, is on mobility and 

environment for this study, since parking and waste management service s are part of these two 

smart city ecosystems respectively.  In Section 3.1.2, the value networks concept is clarified and 

mentioned its suitability for the smart city value creation process, then, it’s compared to the 

traditional value chain and its inapplicability to some modern enterprises that are involved in the 

development of the smart and sustainable urban area. Further, numerous existing business m ode ls  

are discussed in Section 3.1.3, these business models are  grouped into six and named as Inte rne t  of 

things, Network ownership, Web-based, E-commerce, Business model innovation, and Owne rship  

business models (Table 3.1), classification of six main patterns for these business models are also 

identified and discussed including Unbundling, The long tail, Multi-sided platforms, Free, Open, 

and Business model innovation. Hence, an Open theme is chosen as a foundation for smart cities' 

business models and elucidated the reason. For Section 3.1.4, smart city actors and roles are 

presented and discussed. The actors are combined into four major groups namely, Consumers, ICT 

enablers, Service providers and operators, and City authority. Each of these actors and roles is 

explained in detail and demonstrated in Figure 3-6.   

In addition, smart city actors’ relationships are examined in Section 3.2, the types of business 

relationships that are mentioned include Coopetition, Coexistence, Cooperation, and Compe t it ion.  

These relationships can either be vertical or horizontal relationships which are also discussed in the  

same section. Consequently, several cooperation drivers and obstacles are recognized and described, 

these include cost efficiency, competitive advantage (i.e. value co-creation, knowledge-sharing,  co-

branding, and access to new markets), and service effectiveness for drivers. And the loss of control 

of services and products, slow decision making, negative impact on partners, and less capital 

attraction are to be obstacles that need to be solved, for actors to smoothly and successfully 

cooperate.    

Finally, in Section 3.3, the ICT perspective on smart cities is deliberated. Applicability of several 

technological approaches is discussed in detail and compared. Firstly, to easily understand such 

perspective, ICT on smart cities is segregated into three portions: connectivity domain, applicat ion 

domain, and device domain. Secondly, for the connectivity domain, possible network technologies 

that support smart city development are divided into wired, wireless , cellular, and LPWAN network 

technologies. Some of these networks cannot be feasible for smart city use cases, wired networks 

have poor scalability and lack mobility, cellular networks are expensive to deploy and ope rate ,  and  

consume more power, while, wireless networks lack the long and wide coverage required for IoT 

deployment. For that, LPWAN technologies are focused to serve connectivity in a smart city IoT 

solution. Popular LPWAN networks and technologies that are chosen and discussed include licensed 

or cellular-IoT networks such as NB-IoT, LTE-M, EC-GSM-IoT, and unlicensed solutions such as 
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SigFox and LoRaWAN. The technical differences and capabilities, as well as deployment costs of 

both licensed and unlicensed LPWAN networks,  are generally compared (see Appendix B).  

Thirdly, in the application domain, the importance and characteristics of IoT applications are 

described. Such applications are mainly categorized as end-user applications (EasyPark, 

ParkoPedia), middleware applications (CDP, AEP) for service support, and device applications such 

as device operating systems. The overall objectives of these applications are also stated in brief. 

Moreover, three types of sensors are presented in the device domain section. Such sensors include 

infrared sensors (active, passive), ultrasonic sensors, and magnetometer sensors .                    
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4 Analysis and Discussions  

This chapter provides the analysis and discussions for MNOs, WMCs, and PSOs cooperation in 

smart cities from different viewpoints, including technology perspective, business relationships, and 

business models for smart parking and smart waste collection use cases. 

4.1 Sensors and Software-based Solutions  

In general, sensors are an ideal approach to monitor the level of garbage in a dustbin and detect the  

occupancy of a parking lot in real-time. Yet, infrared sensors (active/passive) use energy to detect 

and cannot sometimes differentiate between vehicle and other objects,  if for instance , a person 

stands on the sensor. This could lead to confusion and false information to the end-users. Although,  

based on the amount of energy detected, the outliers can be ignored, and valid information could  b e  

observed. Ultrasonic sensors can be an alternative, they produce sound waves and detect objects 

through the distance at which the waves are reflected. This way, Ultrasonic sensors can dist inguish 

between a person and a vehicle. However, these types of sensors are susceptible to the climate (rain,  

snow, etc.) and are only useful to indoor parking lots. In contrast, both infrared and ultrasonic 

sensors are convenient for waste collection as they are installed on the garbage-bin ceiling (inner 

side of the dustbin cover).   

Unlike the above-mentioned sensors, magnetometer sensors are not sensitive to the environment 

and can be deployed both indoor and outdoor parking spaces as they function in harsh conditions. 

Magnetometer sensors use a magnetic field to detect a parking lot, are wireless and applicable to 

existing IoT connectivity solutions, they also have a battery life of a few years. Comparing to the 

other types of sensors, magnetometer sensors are a suitable candidate for smart parking and waste  

collection use-cases. 

In addition, large scale deployment of sensors to detect and obtain information from parking space s  

occupancy and levels of garbage in a dustbin is not cost-effective. Each and every parking lot and 

garbage-bin in the city requires to be installed a sensor either under the ground (passive  infrared, 

magnetometer), ceiling (passive infrared, ultrasonic) or overhead (active infrared), resulting  in high 

deployment cost and expensive operation and maintenance expenses. But in the long run, this could  

be a good investment and economically profitable.  

Table 4.1: Sensors for Smart Parking and Smart Waste Collection Use-cases 

 Infrared  Ultrasonic  Magnetometer 

Indoor parking lots √ √ √ 

Outdoor parking lots × × √ 

Garbage-bins √ √ √ 

Real-time detection, monitoring √ √ √ 

Accuracy Weather dependent  Weather dependent √ 
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Another approach to achieve smart parking services is through software-based solutions: the web or 

mobile app applications. Although these techniques are cheap to deploy, operate, and maintain, 

they are not as effective as sensors. Smart parking applications do not require hardware installation 

and maintenance, they are completely software-based and mostly rely on predictive analytics and 

crowdsourcing. Applications such as EasyPark and ParkoPedia utilize time series and fuzzy logic 

algorithms to predict the availability of a parking space based on a sample of historical data .  While  

crowdsourcing-based applications depend on their user’s contribution to update the te nancy 

information of the parking lots they occupy. These types of applications are vulnerable to human 

errors and their accuracy cannot be trusted. Most importantly, such smart parking applications lack 

to achieve real-time, accurate parking tenancy information, instead, they offer an overview to the 

drivers for ease decision making. For instance, guide drivers to parking areas using dashboards, 

reserve parking lots and simplify payment methods. Further, they contribute little to achieve  sm art  

parking objectives as drivers could still roam and spend time, looking for unoccupied or reserved 

parking space and cause traffic congestion as well as contribute to air pollution.  

On the other hand, unfortunately, it is difficult to deploy smart waste collection services without the  

involvement of sensors. This means that there are no specific and pure software-based applicat ions 

for smart waste collections use-cases that are utilized without the assistance of some kind of 

hardware such as sensors. This is because of the nature of the data gathering process (realtime 

monitoring of garbage levels in the garbage bins).  For that, Table 4.2 demonstrates software -b ased  

applications for only smart parking use-case.            

Table 4.2: Software-based Applications for Smart Parking Use-case 

 EasyPark  ParkoPedia  

Indoor parking lots √ √ 

Outdoor parking lots √ √ 

Real-time detection, monitoring × × 

Accuracy × × 

4.2 Activities-Resources-Actors 

This section analysis and discusses related activities and resources for smart city waste collection 

and parking services. It starts with current assumptions, it then identifies possible activities, 

resources, and actors for improvements. Finally, it maps associated actors to be able to illustrate 

contributing actor’s roles and relationships.    

4.2.1 Current Assumptions 

To our general knowledge and through observed literature, both PSOs and WMCs have not fully and  

sufficiently utilized ICT-based solutions with no or little involvement of MNOs, to deliver smart city  

compatible services. Currently, PSOs employ parking lots from their owners, outsource IT 

companies to develop web/mobile app-based solutions such as EasyPark (which sometimes act  as  a  



Analysis and DiscussionsList of acronyms and abbreviations | 47 

47 
 

PSO), for end-users to easily find parking locations, reservation, payment, etc. However, this only 

solves part of the problem as discussed above. Moreover, WMCs flow a similar approach except, 

they sometimes require network connectivity from MNOs for the sensors that are monitoring their 

waste-bins and don’t need to rent the property as PSO’s parking lots. Otherwise, WMCs use 

completely different and more expensive technologies such as the Pneumatic waste conveyance 

system (PWCS),  an underground vacuum-based pipe network that collects household waste, 

transport it to main containers through underground pipes for disposal . An example of such a 

system is the Envac waste handling system.  

Figure 4-1 left and right show the assumed actors’ relationships for parking and waste collection 

value creations respectively. The problem of current scenarios is service inefficiency and cost. The 

involvement of more cooperating actors is needed in order to increase service efficiency and re duce  

costs, but before that, activities and resources for such actors must be identified.    

 
Figure 4-1: Depiction of Assumed Smart Parking (left) and Smart Waste Collection (right) Roles and Business 

Relationships for Parking Services Operators and Waste Management Companies. 

4.2.2 Activities 

Common activities involved in delivering smart waste collection and smart parking are cate gorize d  

into two main types – technical-based and non-technical-based activities. The technical-based 

activities include all ICT related measures that can facilitate deploying, provisioning and ope rat ing 

end-to-end solutions for waste collection and parking services in a smart city. And non -technical 

activities involve administrative and financial routines for the same cause. Furthermore, it is 

important to address that the acknowledgment of these activities is primarily fueled by the 

observations in Chapter 3 for in question use-cases with their corresponding actors. It is also based 

on the understanding and knowledge gained throughout the performance of this thesis project for 

the relevant actor’s activities and resources. Identified activities are as follows:       

Provision network connectivity. The processes of preparing a network connectivity to permit access  

for IoT devices and applications to communicate.  
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Provision IoT devices (sensors). Procedures to enable IoT devices for sensing and sending data to a 

gateway or cloud. For this, devices must be identified and communicate with the platforms intended 

to receive data from them.   

Propose IoT application enablement platform (AEP). Software tools that provide fundamental 

interfaces and features for M2M applications to extract data from IoT devices to be able to simply 

use and manage it. 

Propose a connected device platform (CDP). Software tools that smoothen M2M applications to 

connect to the cloud on cellular networks. CDPs terminate compatibility issues as M2M applications 

are developed using many diverse technologies.   

Propose end-user applications. Content-rich and user-friendly software tools that facilitate end-

users to utilize the services (parking and waste collection). End-user applications shall be either 

web-based or mobile apps.     

Provide Parking services management. Activities to conduct day-to-day managerial operations in 

an enterprise to successfully maintain the business. In this case, parking services. and waste 

management services    

Provide Waste collection services management. Activities to conduct day-to-day managerial 

operations in an enterprise to successfully maintain the business. In this case, waste colle ct ion and 

disposal services management.     

Provide Customer relations management. Includes mechanisms to interact with customers to meet 

and manage their demands and satisfactory.  

4.2.3 Resources 

Resources are the tangible and intangible assets that an enterprise owns, they are important for 

smart city enablers (actors) to possess as they allow to exercise mentioned activities. Examples of 

these resources include technical capabilities, infrastructure, know-how, capital, etc. Moreover, 

according to [5], there are mainly six types of resources namely, financial, physical, human, 

technological, organizational, and reputation. For a smart city’s waste collection and parking, the 

following resources are observed: 

Network infrastructure. To offer a network communication platform (in this case cellular-LPWAN), 

one must exercise the ownership of physical network infrastructure, a core network, and an access 

network (radio network). Physical network infrastructure includes antennas, base transceiver 

stations (BTSs), base controller stations (BSCs), etc., for the network coverage and are strategically 

positioned across the country, core network is set of networked equipment for managing the 

interconnection and communication between sub -networks and systems, and access network is a 

connectivity technique to connect end-devices to the core network. Usually, these types of resource s  

are known to be owned by MNOs (Section 3.1.4). Although there are other actors who privately  and 
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commercially possess similar infrastructure. Most of these actors use unlicensed SigFox and 

LoRaWAN infrastructures.           

AEP and CDP platforms. Ownership and/or having skills and expertise of these software tools play 

a major role in participating and performing ICT-based smart waste collection and smart parking 

activities. Actors who own these platforms could vary and include TEVs such as Ericsson, Nokia and 

Huawei, mobile services providers (MSPs) and other software development actors who are active  in 

the IoT industry. Further, some MNOs have recently developed strong in-house application 

development capabilities and my soon own AEP, CPD platforms or at least already possess the skills  

and the expertise.  

End-user apps. Ownership of established end-user applications for the management of smart 

parking and smart waste collection services. Or at least possess the skills and experience  to de live r 

such applications.        

 Data. In a smart city data resources include information observed from parking services, waste 

management, environment, energy consumption, transportation, communication, internet services, 

etc., through end-users. For decision making, this data in its huge volume is valuable when 

collected, analyzed and turned it into useful information.   

IoT devices manufacturing. Providing compatible devices to cellular LPWAN networks and making 

them available to the market, contributes indirectly for related actors to perform activities 

mentioned above. Therefore, IoT devices manufacturing is considered a resource.        

Parking lots. These are privately (individual, real-estate company) or publicly (city authority) 

owned properties. Mostly, owners contractually rent to PSOs to manage and provide parking 

services. This allows PSOs to possess parking lot management as a resource.   

Waste collection infrastructure. To propose waste collection and disposal management services, 

WMCs must possess the infrastructure to facilitate such services. This infrastructure includes 

garbage-tracks and all sorts of kinds of garbage bins as well as drivers.     

Industry knowledge. Good reputation, experience, and know-how, as well as skilled human capita l  

in the waste management and parking services industry results for WMCs and PSOs to have a 

valuable resource. For the ICT-based industry, this is no different for the MNOs, TEVs, MSPs, and 

application developers as well. Industry knowledge permits to avoid or reduce failures, attract othe r 

actors to cooperate, share-knowledge with partners and avoid negative impacts on partners.       

End-users. These are the economic resources for the smart city values that cooperating actors are 

proposing to. They do not necessarily interact with all sectors, particularly the ICT-based actors  b ut  

they deal with service providers (WMCs, PSOs) and some cases, with IoT device providers.     
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4.2.4 Mapping actors to activities and resources 

Based on discussed activities and resources, this section attempts to map actors to their p ossible 

equivalent resources and activities that they possess. It is divided into two smart city industries 

(smart waste collection and smart parking services) to examine the relationships among the MNOs,  

WMCs, and PSOs together with other relevant actors.        

4.2.4.1 Scenario one 

Smart parking means utilizing IoT end-to-end solutions to easily and quickly locate empty parking 

in an urban and densely populated area. While smart waste collection refers to sustainably collect 

the garbage through IoT end-to-end solutions. These solutions consist of diverse ICT-based aspects,  

and for that, there are many active actors in the industry to deliver these solutions.  

Traditionally, deploying and operating cellular networks, now MNOs are capable of more than that., 

they can provide cellular IoT connectivity to the value network and take the LPWAN network 

provisioning role. Similarly, TEVs manufacture telecommunications equipment and provision 

technical procurements for the MNOs, now they can provide AEP/CDP and provision IoT devices. 

Mobile service providers (MSPs) who ensure network management and services automation for 

MNOs, can as well play the same role as TEVs. Application developers develop and deliver end-user 

applications for smart parking and waste collection services. Further, PSOs and WMCs with their 

experience and expertise deliver and provision smart parking  and smart waste collection service s  to 

the end-users, and handle customer management. Device manufacturers offer IoT devices while 

parking lot owner provides parking spaces to PSOs.  

Obvious observation from this scenario, is that smart parking and smart waste collection value s  are  

owned by the parking services operators (PSOs) and waste management companies (WMCs)  

respectively, other actors including mobile network operators only contribute to the value network.     

Figure 4-4 left and right, depict smart parking and smart waste collection actor’s business 

relationships and roles respectively for scenario one. This way, it can be achieved maximum services 

utilization and efficiency for in question smart services.  
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Figure 4-2: Depiction of Scenario One Smart Parking and Smart Waste Collection Actor’s Roles and Business 

Relationships for Parking Services Operators and Waste Management Companies.   

4.2.4.2 Scenario two 

Depending on the level of technical expertise and skills, MNOs are major actors in this scenario. 

They play a more aggressive role and take more responsibilities in both technically and financially ,  

by not only providing connectivity and handling network provisioning but also providing AEP,  CDP 

and offer almost complete end-to-end solutions. Comparing to scenario one, this reduces the roles 

and activities of TEVs/MSPs which in this case, is limited to only provisioning the devices. For 

smart parking and smart waste collection end-user applications, MNOs together with PSOs and 

WMCs can outsource to application development companies, TEVs/MSPs or deliver them through 

in-house development. Other actors’ roles are similar to scenario one, where device providers 

provide the devices, parking owners offer parking lots, and PSOs and WMCs for service delivery and 

customer handling.    

In addition, scenario two proposes an approach to reduce costs and risks. It requires actors, 

specifically, MNOs, PSOs, and WMCs to collaborate more and jointly plan, own, invest, deploy and 

operate smart parking and smart waste collection services. Unlike, scenario one, MNOs don’t only 

co-create value to the network, but they co-owned it with PSOs and WMCs.  

One drawback for scenario two could be the heavy amount of responsibility and role for MNOs  

(even if they are technically and financially qualified), who perhaps, have already enough weight on 

their shoulders to run what they have already possessed. However, these situations are not  strange  

to Swedish MNOs, for joint venture, Telia and Tele2 formed Sun AB, while Telenor and Tele2 

formed Net4Mobility AB to deploy, own, operate and maintain 3G and 4G networks respectively. A 

similar strategy can be followed, for MNOs, PSOs, and WMCs to jointly inaugurate a new company 

that launches smart parking and smart waste collection services  in a smart city. However, this is not  

an easy task as scenario two’s realization is ambiguous because, in Sweden, MNOs require to agree 



52 | Analysis and Discussions 

 
 

to cooperate and partner hundreds if not thousands of actors who are involved in the parking 

services and waste management services industries from both the public and private sectors in order 

to appreciate the advantages that scenario two is proposing. Figure 4-5 illustrates the business 

relationships among actors involved in scenario two.   

 
Figure 4-3: Depiction of scenario Two Smart Parking and Smart Waste Collection Actor’s Roles and Business 

Relationships for Mobile Network Operators, Parking Services Operators, and Waste Management 

Companies 

4.2.5 Conf iguring value networks 

Tangible and intangible values are covered in order to configure value networks for the scenarios 

described above. For scenario one, the overall value network configuration is similar for both sm art  

parking and smart waste collection use-cases.  

Tangible values. MNOs, TEVs/MSPs, application developers, and device providers,  add values such 

as connectivity and network provisioning, CDP/AEP platforms and device provisioning, end-user 

applications, and devices respectively, to the value network and in return gain revenues from  PSOs 

and WMCs. Parking owners contribute parking lots as a value and receive revenues from PSOs in 

return. Further, PSOs and WMCs deliver smart parking and smart waste collect ion services to the 

citizens and the city respectively and charge for usage.  

Intangible values. TEVs/MSPs benefit network insights, device insights, and support they receive 

from MNOs and device providers, to produce simplicity for connection and interconnection between 

devices, application services, and end-user applications. Similarly, application developers depend 

on app insights they receive from PSOs and WMCs to develop  a high standard or at least expected 

end-user applications for smart parking and smart waste collection services. Figure 4-5 left and 

right depict the value network exchange for scenario one actors respectively.      
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Scenario one value network configuration for smart parking 

services use-case 

Scenario one value network configuration for smart waste 

collection services use-case 
Figure 4-4: Depiction of Actors in Scenario One Value Network Exchange  

In addition, for scenario two, MNOs, PSOs, and WMCs form a joint venture for smart paring and 

smart waste collection services. For that, the value creation is classified into two categories: internal  

and external value networks. The internal value network covers tangible and intangible values 

between MNOs, PSOs, WMCs who are major stakeholders and own the overall values. The exte rnal  

value network consists of tangible and intangible values relatively co-created with and between 

external actors.       

Internal value network. Cooperating actors’ (MNOs, PSOs, WMCs) main tangible values include 

investment sharing, and revenues or profit-sharing. As for intangible values, these actors share 

knowledge, resources and trends, contribute to the strategic planning and policymaking (input to 

strategy), and most importantly co-brand.      

External value network (tangibles). TEVs/MSPs, device providers, parking owners, and application 

developers contribute device provisioning, devices, parking lots, and end -user application values 

respectively, to the network and in exchange for revenues from the group (MNOs, PSOs, WMCs). 

Moreover, MNOs who are representing the group add network provisioning, connectivity, CDP/AEP 

to the value network as well. While, PSOs and WMCs deliver the end -user services to the citizens 

and city respectively, and generate revenues based on service usage.     

External value network (intangible). MNOs exchange device insights, network and connectivity 

insights, end-user apps insights, support, and know-how, with and between TEVs/MSPs, device 

providers, and application developers. While PSOs and WMCs obtain feedback, insights  (market, 

customer behavior) from end-users. Figure 4-5 represents, the illustration of a value network 

configuration for scenario two, in which MNOs, PSOs, and WMCs are considered to be one entity.  

Regardless of these values to be tangible, intangible, internal, or external for both scenarios, they 

are generated and co-created as well as exchanged by all involved actors including the end-users 
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(drivers, citizens/inhabitants, visitors, municipals, etc.), as emphasized above. This is because of the  

nature of the process of value network concept or generation which addresses all participating 

actor’s contributions to the overall and final value which is in this case intended for the end -users.         

 
Figure 4-5: Depiction of Scenario Two Value Network Configuration 

4.3 Assessing business models 

In section 3.1.3, six business model patterns have been observed and discussed  to lay down as a 

foundation for any business model. These patterns include unbundling, the long tail, multi -sided 

platforms, free, open, and business model innovation. Although each of these patterns is suitable for 

certain business scenarios, the unbundling pattern can be used in several different businesses. 

However, because of the nature of smart city value creation which depends on other actors to co-

create value, the unbundling pattern cannot be used. Instead, the open-access pattern is the 

appropriate pattern for smart city business models as it allows enterprises to cooperate and co-

create values. 

Furthermore, smart city business models are aggregated into six groups  namely, internet of things,  

network ownership, web-based, e-commerce-based, business model innovation, and ownership 

business model (Table 3.1). Each group contains several business models and for that, it is 

unnecessary to analyze and compare each and every model to the in-question use-cases. 

Nevertheless, the internet of things and ownership business models are considered. 

Internet of things business models such as pay-per-use and pay-as-you-use are suitable to use as 

revenue models for smart parking and smart waste collection services. Further, target actors for the  

in-question use-cases can also exercise ownership business models particularly, the build -own-
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operate model. This means independently building the required infrastructure and delivering the 

smart city services (smart parking and smart waste collection services) in collaboration with 

relevant actors. Table 4.3 visualizes business models for smart parking services for PSOs  and sm art  

waste collection services for WMCs using the business model canvas. 

Table 4.3: Smart Parking and Smart Waste Collection Services Business Model Visualization for PSOs, WMCs 

Using Business Model Canvas. 

PSOs business model 

Key partners 

• MNOs 
• TEVs/MSPs 
• App. developers 
• Device providers 
• Parking lot 

owners 

Key activities 

• Parking services 
management  

• Customer relations 
management  

• Network provisioning  
• IoT device 

provisioning 

• End-user apps 
development 

• CDP/AEP 
development 

Value propositions 

• Real-time 
parking 
occupancy 
information  

• Advanced 
knowledge for 
parking 
availability 

• Online parking 
reservation 

• Automated 
payment  

 

Customer relationships 

• Automated services 
• Fewer frustrations 

for drivers 
• Route guidance 
• VAS  

Customer segment 

• Citizens/drivers 
• Visitors/drivers 

 

Key resources 

• Parking services 
industry knowledge  

• Parking lots 

• Network 
infrastructure 

• Network engineers 
• Software developers 
• Capital 

Channels 

• Web applications 
• Mobile apps 

Cost structure 

• Product development 
• Salaries 
• Marketing expenses 
• Deployment cost 

Revenue streams 

• Pay-As-You-Use   
• Licensing        
• Pay-Per-Use 
• Contractual  

WMCs business model 

Key partners 

• MNOs 

• TEVs/MSPs 
• App. developers 
• Device providers 

Key activities 

• Waste collection 
services management 

• Customer relations 
management 

• LPWAN provisioning  
• IoT device 

provisioning 
• End-user apps 

development 
• CDP/AEP 

development 

Value propositions 

• Efficient 
garbage 
collection 

• Route guidance 
• Sufficient 

operation time 
• Data analytics 

tool 
 

 

 

 

Customer relationships 

• Less fuel 
consumption 

• Save time 
• VAS 
• Cost efficiency  

 

Customer segment 

• City  

 

Key resources 

• Waste management 
industry knowledge 

• Waste collection 
infrastructure 

• Network 
infrastructure 

• Network engineers 
• Software developers 
• Capital 

Channels 

• Web applications 
• Mobile apps 

Cost structure 

• Product development 
• Salaries 
• Marketing expenses 
• Deployment cost 

Revenue streams 

• Pay-As-You-Use   
• Licensing        
• Pay-Per-Use 
• Contractual 
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4.4 Outcomes 

From the above analysis and discussions, the following outcomes are observed as a result. Three 

outcomes are presented in this section, which covers the ICT-based technologies that are to be used,  

cooperating and partnership opportunities for MNOs, PSOs, and WMCs, and bu siness model that is  

to be adopted.    

4.4.1 First outcome 

Although unlicensed LPWANs are cheaper to deploy than licensed LPWANs, apparent possession of 

existing cellular network infrastructures for MNOs which is compatible and coexist with licensed 

LPWANs makes even cheaper for MNOs to deploy a cellular-IoT network, only software upgrades to 

the existing cellular network such as GSM and LTE is required. Matter of fact, in Sweden, MNOs 

have already deployed NB-IoT and LTE-M networks (section 3.1.4). Hence, for smart waste 

collection and smart parking use-cases, we argue NB-IoT to be the ideal LPWAN for IoT 

connectivity, because of its great deployment flexibility, lower data rates, and perhaps better powe r 

performance than LTE-M. Further, LTE-M can also be used for mentioned use-cases. However, for 

startups and recent so-called M2M/MTC network operators as well as MVNOs, deploying 

unlicensed LPWANs would be much cheaper (refer to Appendix B). Furthermore, magnetometer 

sensors which are operable in harsh environments and suitable for both smart waste collect ion and 

smart parking shall be used for collecting accurate garbage levels in a waste-bin and parking 

occupancy information data in real-time for the end-users.   

4.4.2 Second outcome  

For the purpose of smart city development, MNOs can collaborate and partner with PSOs and 

WMCs separately to deliver smart parking and smart waste collection services respectively. The role  

of MNOs, in this case, is to provide LPWA network provisioning and connectivity for the IoT devices 

and applications to achieve menti0ned services  (section 4.2.4.1). Otherwise, MNOs can deeply 

involve in these industries and joint ventures with PSOs and WMCs to explore new markets, acquire  

new customers and possibly increase revenues (section 4.2.4.2).        

4.4.3 Third outcome 

Open access business model pattern must be adopted for smart city business models as it allows  

cooperation among involved actors such as MNOs, PSOs, and WMCs as well as, with other related 

actors who are active in the development of smart cities.    
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5 Conclusions and Future work 

The conclusion for this thesis project is presented in Section 5.1, while future work is presented in 

Section 5.2. Furthermore, issues regarding ethical and sustainability are  reflected in Section 5.3.   

5.1 Conclusions 

Smart city development is an ideal place to start for mobile network operators (MNOs) to attempt to 

expand their business scope by cooperating with parking services operators (PSOs) and waste 

management companies (WMCs) who are important actors in the development of smart and 

sustainable cities. PSOs and WMCs are apparently, looking for ways to effectively sustain the city’s 

parking services and waste collections respectively, and reduce operations costs. In general, 

cooperation is motivated by the improvements and advantages that gained when resources and 

costs are shared,  Observed drivers for MNOs, PSOs, and WMCs to cooperate, are to gain 

competitive advantage via value co-creation, brand co-building, knowledge-sharing and accessing to 

new markets, to maximize service efficiency, and to reduce cost . However, cooperation is not 

immune from drawbacks as cooperation problems that need to be solved include, s low decision-

making process and less capital attraction which could lead to sluggish progress for the cooperat ing 

partners. Further, loss of control to the products or services as well as negatively impacting other 

actors (bad reputation) may irritate partners and lead dissatisfaction among cooperating partners.  

Hence, in order to illustrate and provide business opportunities for MNOs, PSOs, and WMCs 

through cooperation in the development of smart cities, in particular, smart parking and smart 

waste collection services; roles, activities, and resources are identified, analyzed, and discusse d  for 

each actor to illuminate their business relationships and value co-creation process.   

As a result, two business scenarios arise, Firstly, MNOs are to be taking a more conservative 

approach by providing network connectivity and network provisioning to the cooperating partners 

(PSOs, WMCs), to deliver smart parking and smart waste collection services , and in return charge 

service fees. Secondly, MNOs, PSOs, and WMCs with each contributing their tangible and intangible 

assets and resources jointly venture a smart parking and smart waste collection services  in a smart 

city. The former scenario is simple compared to a more complex second scenario which requires a 

feasible study and a lot of carefully planned cooperation strategy. Furthermore, in Sweden, for 

scenario two to become achievable MNOs need to negotiate and deal with hundreds of municipal 

PSOs and WMCs as well as dozens of private PSOs and WMCs.      

Moreover, numerous business models and patterns for smart cities are identified, hence, the  ope n-

access business model pattern is chosen to be the ideal candidate for smart city business models, for 

its permission to enterprises collaborate and co-create values within and outside of their business 

domain. In addition, observed business scenarios are visualized and presented using the business 

model canvas.               
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5.2 Future work 

For its great potential, scenario two needs extensive feasibility study including interactions with  in -

question actors, regarding joint venture for smart parking and smart waste collection services 

deployment in smart cities to fully explore new customer segments, market, and new sources of 

revenues for MNOs. And, services and cost efficiency for PSOs and WMCs.  

Another, future work for this thesis study, is to identify more cooperation obstacles and problems, 

and most importantly, an overall solution for these cooperation obstacles and problems which in my  

opinion require a whole different study.     

5.3 Ethical and sustainability issues 

Smart city development may mean to improve the life of the city’s inhabitants from many  d iffe re nt  

aspects, among these aspects include the use of ICT, specifically, the internet of things (IoT).  Thus,  

one important and common ethical issue that comes to mind is privacy, this is because of recent 

privacy breaches that we currently encounter and affect our lives.  Although, IoT’s full potential is 

not yet reached, how its privacy is dealt with will depend on regulations imposed by IoT governing 

bodies. A big suggestion would be  involving regular people to privacy policy formations, for 

instance, regulators must know and aware, how citizens would like their information handled to 

protect their privacy, before formulating IoT privacy policy. Or citizens must be explained and 

educated on how their information is potentially going to be used and asked permission  before 

using it for any purpose.  

In addition,  another possible issue can be the consequences of the personal economy. Since the  use  

of IoT permits the access and availability of huge information to enterprises, it may cause an 

economic disadvantage to some individuals or groups of people. For instance, certain people may 

pay higher insurance fees than others for their properties, just because of prediction-based analy sis  

that results in higher chances of natural disasters in the area those people live. Another e xam ple  is  

personal health monitoring and information, if employers were to monitor and access personal 

health performances of their employees, it would have negatively influenced their wages and the 

opportunities for long employment contracts.        

For sustainability, ever-increasingly deployed sensors and other IoT devices may be unsafe or 

harmful both to the people and the environment. However, utilizing sensors and other IoT devices 

can also improve people’s quality of life and the environment. For example, deploying sensors and 

other IoT environmental monitoring devices provide us with more information and insights on how  

to deal with current environmental crises, predict and prepare for future  once, and most 

importantly familiarize and gain more knowledge about the earth. Furthermore, these se nsors  and 

other IoT devices can lead services or products and cost efficiency for enterprises which  in turn can 

result in economic growth.                        
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Appendix A: Inteview questions responses  

Hej Adnan 

Jag försöker besvara dina frågor nedan. Skulle du ha följdfrågor, vänligen kontakta Claes 

Ohlsson, jag går på semester idag. 

 Här länk till två viktiga dokument: 

Årsberättelsen 

2018: http://www.stockholmparkering.se/SiteAssets/Startsidan/Arsberattelse_2018.pdf  

Årsredovisningen 

2018: http://www.stockholmparkering.se/SiteAssets/Startsidan/Arsredovisning%202018%20

SPAB.pdf 

Dessa finns på hemsidan, första sidan, höger kolumn. 

1.      Hur ser företagsstyrelsen och företagsstrukturen ut?  

 Företagsstyrelse: http://www.stockholmparkering.se/Pages/Styrelse.aspx 

Stockholm Parkering är ett kommunalt bolag som ägs av Stockholms stad. 

Kommunfullmäktiges mål och uppgifter till Stockholm Parkering: 

http://www.stockholmparkering.se/Pages/MalOchUppgifter.aspx 

 Ledningsgrupp, avdelningar med mera: 

http://www.stockholmparkering.se/Pages/Ledningsgrupp.aspx 

Se också sidan 34 i Årsberättelsen. 

2. Vilka företag arbetar ni med (samarbetspartiers)?  

Svår fråga. Jättemånga! Vi anlitar stora byggbolag som Veidekke att bygga garage till oss. Vi har 

leverans av fruktkorgar till anställda. Vi anlitar Nokas för parkeringsövervakning. Vi köpte nyligen över 

300 parkeringsautomater från Modulsystem.   

  

Jag tror att vi behöver bättre veta varför du frågar om detta för att vårt svar ska bli vettigt. 

 

3. Hur jobbar ni tillsammans med dessa företag? 

  

På mängder av olika sätt beroende på syftet. Jag tror att vi behöver bättre veta varför du frågar om 

detta för att vårt svar ska bli vettigt. 

  

4. Vad kostar det att driva verksamheten?  

Se Årsredovisningen. OBS! Du ställer frågan konstigt och kommer få olika svar från företagen du 

kontaktar, helt beroende hur de tolkar din fråga. T.ex. är en investering en kostnad? Avskrivningar? 

Vinstutdelning till ägarna? Bestäm dig för några nyckeltal! 

 Försöker besvara din fråga: Alla kostnader år 2018 var 389,2 mnkr. Då är avskrivningar och räntor 

inte medräknade. 

http://www.stockholmparkering.se/SiteAssets/Startsidan/Arsberattelse_2018.pdf
http://www.stockholmparkering.se/SiteAssets/Startsidan/Arsredovisning%202018%20SPAB.pdf
http://www.stockholmparkering.se/SiteAssets/Startsidan/Arsredovisning%202018%20SPAB.pdf
http://www.stockholmparkering.se/Pages/Styrelse.aspx
http://www.stockholmparkering.se/Pages/MalOchUppgifter.aspx
http://www.stockholmparkering.se/Pages/Ledningsgrupp.aspx
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5. Antalet anställda?  

73 

 

 Lycka till med examensarbetet.   

  

Med vänliga hälsningar 

 Anne Lintala 

Informatör 

Stockholm Parkering │Affärsstöd 

 Telefon: +46 8 772 96 85,   +46 70 772 96 85 

Besök: Palmfeltsvägen 5, Johanneshov 
Postadress: Box 4678, 116 91 Stockholm 
E-post: anne.lintala@stockholmparkering.se 
Webbsida: www.stockholmparkering.se 

 
Information om behandling av personuppgifter 
Stockholms Stads Parkerings AB är personuppgiftsansvarig. 
På www.stockholmparkering.se hittar du information om bolagets behandling av personuppgifter 

 

 

 

mailto:anne.lintala@stockholmparkering.se
http://www.stockholmparkering.se/
http://www.stockholmparkering.se/
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For their energy efficiency, flexibility and wide coverage , as well as excellent signal penetration 

through structures and undergrounds, have made LPWAN systems to gain a good reputation to meet 

the unique needs of  IoT devices to interconnect and connect to other non -IoT devices and systems. 

These requirements include control utilization and computational strength as they entail to 

periodically report small portions of information through long and sometimes harsh outdoor ranges 

[72]. LPWAN appears in several forms and shapes as it is diverse sets of low-power, wide-area network 

technologies. LPWAN can be branded (copyrighted) or open standard and use licensed or unlicensed 

frequencies. Figure 3-7 depicts popular LPWAN technologies with mentioned characteristics.  

In the hope of developing Machine-To-Machine or Machine-Type Communication (M2M/MTC) – an 

important component for 5G technology, 3rd Generation Partnership Project (3GPP) conducted 

extensive research on GSM, UMTS and LTE cellular technologies (R8 -R14). Aiming to meet 

M2M/MTC goals defined in Release 13 – enhanced indoor coverage, lower terminal complexity and 

cost, supported massive small data terminals, supported various latency features, and higher energy 

efficiency for GSM-compatible EC-GSM-IoT, LTE-compatible LTM-M or eMTC and brand new NB-IoT 

technology [79]. On the other hand, non-3GPP LPWAN technologies (SigFox, LoRa, Ingenu) compete 

with similar objectives. The main difference is that non-3GPP LPWAN systems utilize on unlicensed 

spectrum. For detail, LPWAN-based technologies information and comparisons see Table 3.3.       

NB-IoT  

Narrowband-Internet of Things (NB-IoT) is a radio access system that has fundamental simplifications 

and optimizations to provide connectivity for IoT applications. It is LTE design-based implementation, 

allowing it to support most of the LTE functionalities. Moreover, NB-IoT can be deployed in three 

operation modes – Guard-Band mode (deployment within LTE carrier), Stand-alone mode (as a 

replacement of GSM carrier), and In-band mode, where eNodeBs are shared with LTE as some of the 

Physical Resource Blocks (PRBs) are reserved for the NB-IoT, resulting sufficient spectrum usage ,  se e  

Figure 3-8 (a). NB-IoT relies on Power Saving Mode (PSM) and expanded discontinuous reception 

(eDRX) techniques for low power consumption. See Figure 3-8 (b) for NB-IoT advantages [79][80]. 

 
(a) Operation modes 

 
(b) Advantages 

Figure B-1: NB-IoT. Adopted from [72][82] 
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LTE-M  

Long-time evolution-machine type communication (LTE-M) also known as evolved machine type 

communication (eMTC), is the LTE version for IoT. It comes with physical layer mechanisms that 

permit lower power consumption, cost reduction, and extended coverage. Its speed and throughput 

compared to other cellular LPWAN solutions, have made it support a wide range of massive IoT use 

cases, including real-time mission-critical as well as data-intensive IoT applications like smart ve hicle  

communication, home security or wearable devices (see Figure 3-9). LTE-M traffic is multiplexed ove r 

a full LTE carrier and has the capacity to support voice in and around standard coverage scenarios  b ut  

not for extended coverage [73][81]. 

 
Figure B-2: LTE-M. Adopted from [82] 

EC-GSM-IoT 

Like NB-IoT and LTE-M, Extended coverage GSM IoT is a 3GPP standard defined in Release 13. It 

offers IoT capabilities over GSM by mapping control and data channels over legacy GSM. Legacy 

EDGE and GPRS are multiplexed with  EC-GSM devices and traffic, a software upgrade is only nee de d 

to ignore new network carriers allowing massive reduction of deployment cost. Further, EC-GSM-IoT 

depends on similar techniques (eDRX) as other cellular IoT solutions to lower power consumption and 

has improved extended coverage than conventional GSM [82]. However, according to [73], difficult ie s  

finding the real deployment of this technology shows its low expectations to its cellular IoT 

alternatives, Figure 3-10 depicts main EC-GSM advantages.       

 
Figure B-3: EC-GSM. Adopted from [82] 

SigFox 

Globally, SigFox offers an end-to-end IoT connectivity service (see Figure 3-11), It’s a non-3GPP 

LPWAN technology and utilizes the unlicensed spectrum. SigFox end devices connect their base 

stations through ultra-narrow band binary phase-shift keying (BPSK) modulation, however, the rest 

(the connection between base stations, the core network, and end-user applications) is IP-base d.  This  

is because SigFox employs software-defined radio (SDR) technology – the use of radio communication 

equipment such as amplifiers, modulators/demodulators, etc.,  as a software in a commodity 

computer, allowing great flexibility advantage and cost efficiency [7 2][80] [83].      
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Figure B-4: SigFox Overall Architecture. Adopted from [84] 

LoRaWAN 

Long-range wide area network (LoRaWAN) owned by LoRa Alliance is a non e 3GPP LPWAN 

technology and uses an unlicensed spectrum. It uses six spreading factors (SF7 -SF12) through chirp 

spread spectrum (CSS) modulation to familiarize and to tradeoff between data rate and range 

requirements, higher SFs means longer range with lower data rates and conversely for th e lower SFs. 

Different LoRaWAN base stations within the reachable range can receive the same message from an 

end device to boost the success rate of transmitted data, and with accurate time synchronizat ion,  this  

also improves end-device localization. Further, because of these redundant messages’ reception, 

LoRaWAN manages to serve moving-while-transmitting/receiving devices without handover proce ss.  

However, to achieve such advantages, the installment of multiple base stations in close range  to e ach 

other is needed, which increases deployment cost [72][83] [85].                

 
Figure B-5: LoRaWAN Overall Architecture. Adopted from [72] 

LPWAN Comparisons 

There is no one specific LPWA network technology that is perfect for every smart city use-case. 

Depending on the intended use-case requirements, deployment strategy, and cost, the applicable 

LPWAN technology may vary as NB-IoT, LTE-M, EC-GSM, SigFox, and LoRaWAN have very diverse 

technical capabilities and deployment costs.  For instance, autonomous vehicles which utilize critical 

and sensitive applications and require small latency, excellent and reliable coverage, security, and 

slightly higher data rate may employ LTE-M for its 10–15 milliseconds latency, cellular coverage 

(licensed LPWAN), LTE encryption, and up to 1Mbps data rate. Further, NB -IoT can be used for sm art  

health monitoring and smart grid-related applications, as latency in these use-cases is also im portant  

but NB-IoT’s 1.4–10 seconds latency is acceptable, however, health monitoring and smart grid 

applications require secure and reliable network connectivity which NB -IoT can offer. On the other 

hand, for less-critical and insensitive applications or use-cases such as environment monitoring and 

smart lightening,  unlicensed LPWAN can be used for their known technical capabilities and cheap 

deployment costs. Table 3.3 summarizes technical and deployment cost comparisons for commonly 

used LPWAN technologies.          
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Table B.1: Technical and Deployment Cost Comparisons for LPWAN Technologies 

 NB-IoT LTE-M EC-GSM SigForx LoRaWAN 

 Technical Comparisons 
Specification  3GPP 3GPP 3GPP SigFox/ETSI LoRa-Alliance  

Spectrum  Licensed LTE Licensed LTE Licensed GSM Unlicensed ISM Unlicensed ISM 
Modulation QPSK QPSK, 16QAM GMSK/8PSK GFSK/BPSK CSS 

Deployment 
Frequency 

In-band, guard band, 
Stand-alone 

In-Band LTE, 
Standalone 

In-GSM Band SigFox Public 
LPWAN  

LAN via LoRaGW, 
PNO via BS 

Channel 
Bandwidth 

200kHz 1.08MHz 200kHz 100Hz 250kHz, 125kHz 

Max. Data Rate 200kbps 1Mbps 74kbps 100bps 50kbps 
Max. Payload 

(UL, DL) 
1600bytes 256bytes 100–150bytes 12bytes, 8bytes 243bytes 

Max. Msg./day Unlimited Unlimited Unlimited 140 UL, 4 DL Unlimited 
Adaptive Date 

Rate  
No No No No Yes 

Latency 1.4–10s 10–15ms 700ms–2s 1–2s 1–2s  
Transmission 

Power 
20/23 dBm 20/23 dBm 23/33 dBm 22 dBm 22 dBm 

Range (urban, 
rural) 

1km, 10km  1km, 10km 1km, 15km 10km, 40km 5km, 20km 

Interference Low Low Low High High 
Bidirectional Yes/Half-duplex Yes/Half/Full 

duplex 
Yes/Half-
duplex 

Limited/Half-
duplex 

Yes/Half-duplex 

Roaming  Yes Yes Yes Yes Yes 
Localization No No No Yes (RSSI) Yes (TDOA) 

Security LTE encryption  LTE encryption GSM 
encryption 

AES-128 AES 128 

Nodes per BS 52 000/cell - 50 000/cell 1M 13 000 –40 000 
Handover Yes Yes Yes No Yes 

SLA Yes Yes Yes No No 
Peek Current 120–300mA 100–490mA  – 15mA 32mA 

Sleep Current 5μA 8μA – 2μA 1μA 
Battery Life ~10years  ~10years ~10years 10years 10years 

Support Private 
Network 

No No No No Yes 

UE Bandwidth 200 kHz 1.4 MHz  2.4 MHz 200 kHz 125 kHz 
Voice Support No VoLTE GSM-Data, 

SMS 
No No 

 Deployment Cost Comparisons 
Spectrum Cost  >500M€/MHz >500M€/MHz >500M€/MHz Free Free 

Deployment Cost >15 000€/BS >15 000€/BS >15 000€/BS >400€/BS >100€/GW, 
>1000€/BS 

Deployment 
Mode 

Nationwide Nationwide Nationwide Nationwide Nationwide, Private 

Current Status Commercial  Commercial In-house trial Commercial Commercial 
UE Cost >5€ >5€ >5€ <2€ 3–5€  

UE Availability Yes Yes Yes Yes Yes 

Summary 

From an ICT point of view, numerous challenges are required to be met for smart cit y use-cases 

(Section 3.3). To begin with network connectivity, wired networks are not an option because of their 

poor scalability and lack of mobility. Wireless networks are cheap, scalable, mobile, and use d  in som e  

smart city use-cases such as smart houses that need close proximity for connection. However, for large  

scale deployment, particularly, for smart parking and smart waste collection use -cases, wireless 

networks are not feasible as they lack the long and wide coverage required . Cellular networks that are 

known for their excellent coverage, reliability, and security are another option, but, these networks are  

expensive to deploy, operate and maintain. More importantly, cellular networks consume a huge 

amount of power and have high data rates which are  not ideal for IoT deployment. 

Unsurprisingly, low power wide area networks (LPWAN) are widespread connectivity solution s for 

smart city use-cases in general. Comparing to other network technologies, LPWANs are scalable, 

mobile, and cheaper to deploy, operate, and maintain. They possess low data rates, long and wide 
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coverage area, battery life of up to 10 years, and operate both licensed and unlicensed spectrums. 

Popular and widely deployed LPWAN networks such as NB -IoT, LTE-M, EC-GSM-IoT, SigFox, and 

LoRaWAN are considered for smart waste collection and smart parking services.   
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