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Abstract: Most cities have adopted smart city services to solve urban problems. However, an
examination of their operations reveals that many of these services have either been discontinued
or have failed to advance further since they were not profitable. Therefore, this study reviews and
proposes the business models of smart city services at a fundamental level. It defines and classifies
the smart city service focusing on transportation and the components. The business model has
been constructed for electric vehicles and autonomous shuttle businesses in terms of transportation
services. It found that the model was profitable in each business only when various stakeholders
were linked for mutual interests. Since various service stakeholders cooperate in smart city service,
if one of them is unable to secure profitability, it is difficult to operate the smart city service fully.
Therefore, a detailed review of the business model is required before providing a smart city service.

Keywords: smart city service; business model; smart city transportation service; urban planning

1. Introduction

Smart city services are major solutions for reducing costs and solving urban prob-
lems [1] by using information technology (IT) [2,3] for housing matters [4], traffic prob-
lems [5], and crime prevention [6] caused by rapid urbanization [7,8]. For this reason,
the Smart city is becoming one of the most compelling tools for local governments who
are seeking to meet sustainable development goals, achieve a higher quality of life for
residents, improve government efficiency, and bring about collaborative governance [9].
In addition, smart cities can improve quality of life, save time, increase economic benefit,
and consequentially maximize value by applying advanced technologies to cities [6]. With
the development of smart cities, the services that are being provided in cities are also
diversifying, and as many smart technologies are developed to provide services, the smart
city-related industries and markets are also growing significantly [10]. The global smart
cities market size expects a compound annual growth rate (CAGR) of 17.3% from 2020 to
2030 [11].

The previous studies on the success factors of smart cities mostly focused on analyzing
the key factors in the field of technology and technical [12]. However, an examination of
the types of smart city services that have been implemented revealed interesting points that
include the construction of various smart city services. Some of them were unable to secure
economic viability during the operating periods and consequently many of them failed or
disappeared. This implies that smart city services need to secure economic profitability to
be sustainable. Nevertheless, consequent to their strong tendency to solve urban problems
in the pursuit of public interests, there is little concern about profitability, despite it being
the most important objective for maintaining smart city services.

As the maintenance cost of smart city services in Canada, China, and the UK has
increased rapidly compared to the profit structure, service providers are facing bankruptcy
or even being sold [13]. Additionally, in Korea, in the case of early smart cities, the
management and operation of smart cities and services after the construction of the city
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were lacking in consideration as they focused on the construction of cities that introduced
new technologies and the provision of infrastructure. As a result, the profit structure of
most smart cities was found to be weak [13]. Difficulties in the continuous profit structure
may lead smart city services to be unsustainable. Furthermore, since local government has
a role in local development, operation, and maintenance of public tasks, profit structure is
crucial for local governments [14]. To implement smart cities services, local governments,
funding from the central government, or other external funding is required, and if smart city
services fail to realize profits, it remains as a local debt which will gradually increase since
the maintenance. The issue of indebtedness of communes for local development is more
critical in rural municipalities where the population is low [15]. Therefore, to overcome this,
it is necessary to develop a new business model, and in particular, considering the profit
structure. Furthermore, smart city services involve large-scale infrastructure investments,
which would be recovered later through the service models [16]. Thus, given the large-
scale initial investment required, the projected profitability of smart city services must be
thoroughly reviewed in advance of the startup and must be accurate.

In addition, considering that the competitiveness of the business model lies in a clear
value proposition and a revenue mechanism [13], it is necessary to secure sustainability
through a revenue model. Further, in the case of a profit model, not only economic profit
but also social and environmental costs and profit streams, which are components of the
Triple Bottom Line proposed by Osterwalder and Pigneur [17], can be included.

Therefore, in this study, we aim to propose a business model to secure the competi-
tiveness of the smart city model after classifying the recently proposed smart city service
types in Korea. This will help overcome the operational failures of smart cities and ensure
sustainability. In Chapter 2, along with the definition of a smart city, major issues related to
solving urban problems were divided into housing matters, traffic problems, and crime
prevention, and the development status of Korea was analyzed. In Chapter 3, the business
model of transportation service, which is an alternative to solving the traffic problem,
which is the main cause of development, was investigated and analyzed in detail, since
transportation services are being developed as the most basic infrastructure of smart cities
along with energy services, and their proportion is increasing.

2. Literature Review
2.1. Definition of Smart City

The concept of smart city is still a subject of debate and varies across each country.
In general, however, it means a concept that uses innovative digital technology to utilize
urban service more efficiently [18]. Most of the developed country’s goal of smart city is
to regenerate the urban area or to increase the resilience for climate change adaptation
and improve the quality of life of citizens, and most of the developing country’s goal is to
solve urban issues due to the rapid urbanization [19]. Smart cities use new and advanced
technology to create a more sustainable urban environments and solve urban problems [20].
The various key elements other than only technology such as people, economy, governance,
mobility, environment, and living connect and integrate with digital innovation [21].

2.2. Urban Problems Related to the Core Needs of Smart Cities

Smart cities consist of various services. However, the smart city services that were
not profitable disappeared while those with profitability advanced further. Hence, it is
necessary to examine and summarize the smart city services presented to solve urban
problems. Urbanization is a worldwide phenomenon [22], and diverse smart city services
include those developed to solve residential spatial and transportation problems.

Figure 1 shows that urbanization rates (1990-2018) have increased dramatically,
whereas cities have limited space based on their size. A comparison of the urbanization
rates and the growth rates of urban spaces in cities shows that the supply of urban spaces
and residential environments [23] is not proportionate with the increasing population.



Sustainability 2021, 13, 10832

3o0f14

Urbanization Rate (%)
100 |- = === mm e e e e e

90

80 )

70 W o— %
United States

60

B0 R S e SR R R SRS S R e S I S R ST e e i

40

30 World

20 South Korea

10 China

1950 1960 1970 1980 1990 2000 2010 2015

Figure 1. Urbanization rate and Urban Population (1950-2016) [24], table contents rearranged by
the authors.

This is because the expansion rate of urban spaces has been unable to keep pace with
the urban growth rate [25], and the rate of supplying living areas has been slower than
the urban growth rate [26]. In other words, the major issue of urbanization is the lack
of housing and space. Therefore, supplying additional housing and buildings should be
continuous to solve the space scarcity problem. Simultaneously, the quality of residential
and work environments should be continuously improved in line with the increase in
urban density [27].

Smart city services focus on supplying large-scale entry-level housing to increase
the efficiency of physical space expansion [28]. An example of building large-scale entry-
level houses is the use of the next-generation modular construction method [29,30], which
involves stacking prefabricated standard spatial blocks (similar to Lego blocks). In addition
to constructing buildings in a shorter period, it is also inexpensive [31]. Furthermore, smart
homes and buildings which are the type of smart city services help to improve the quality
of residential and work environments [32]. In short, a major perspective of smart city
services is the need to resolve the housing and space problems. Various smart city solutions
have been provided based on products, such as smart home electronics, smart lighting,
and energy storage systems.

Rapid urbanization also creates problems in the methods of transportation. The major
problems are increasing traffic accidents [33], increasing traffic congestion [34], and lack
of parking spaces [35]. Smart mobility and transportation are a very important factors
in smart cities [36]. Smart city services have been researched and introduced to solve
these problems.

There are studies [5,37] on the methods to reduce traffic accidents, including the
implementation of smart city transportation services. Traffic accident types can be classi-
fied into vehicle-to-vehicle [38,39] and vehicle-to-pedestrian accidents [40,41]. To reduce
vehicle-to-vehicle accidents, studies [42-44] have been conducted on the methods of shar-
ing information between vehicles and surrounding traffic facilities, as well as between
vehicles and a traffic integration center. Typical technologies include vehicle-to-everything
communication (V2X) [45].

For the safety of pedestrians, studies [46,47] have mainly focused on the methods for
preventing accidents, where pedestrians may get injured by vehicles. Specifically, South
Korea is in the process of constructing a pedestrian-first traffic environment as a measure
to reduce traffic accident deaths [48,49].



Sustainability 2021, 13, 10832

4 of 14

Additionally, studies [50,51] to relieve traffic congestion have been conducted through
the implementation of smart city transportation services. Traffic congestion occurs when the
number of vehicles exceeds the capacity of the roads. However, there is a limit to physically
increasing roads in the current urban structure. Therefore, smart city transportation
services aim to relieve traffic congestion by controlling the movements and flow rates
of vehicles on roads using a software approach. Typical technologies include Intelligent
Transport Systems (ITS). This is where Information and Communication Technology (ICT)
runs the role as an enabler for smart transportation [52]. Technology enables public and
private mobility support systems and transportation sharing services including bike and
car sharing [53].

Lastly, studies [54-57] have been conducted to solve the lack of parking spaces through
the implementation of smart city transportation services. Since rapid urbanization has
sharply increased the number of moving vehicles in the city, it necessitates a dramatic
increase in parking spaces for vehicles. However, there are limitations to physically
increasing parking spaces. Therefore, smart city services aim to solve the problem of
insufficient parking spaces in cities through vehicle-shared services and vacant parking
space connection services.

All these smart city transportation services must be profitable and sustainable since it
is fundamental to social life and economy since it contributes to the quality of everyday
life and ensure the equity and accessibility by smart solutions [58]. While the existing
research literature includes many studies on the methods of implementing each service,
very few studies have factored in the costs required to build and maintain these services,
or summarized the business models for each service.

3. Method

Among the various smart city services that have been provided in South Korea,
those that were not economically profitable failed, while services that secured profitability
expanded their service models [13]. Smart city service for crime prevention and residential
space problems which includes facility management and living service was found to be
the highest proportion with 20%, followed by medical treatment and transportation was
18.0% and 14.0%, respectively in 2008 when the early smart city started (Table 1). After nine
years, in 2017, transportation service became 30.3% which was the most frequent service
used over all while crime prevention, residential space problems, and medical treatment
has decreased to 24.2%, 15.2%, and 3.0%, respectively. Since the transportation service is
a field with very high sensibility of citizens, there are many services that are technically
feasible to commercialize, and the demands of local governments and citizens are always
high [13]. Many smart city services for transportation including Bus Information System,
which is also called Intelligent Transportation System, traffic management system, traffic
information system, electronic vehicle charging, and smart tolling service is already very
commonly used in many countries. Comparing to transportation service, the target user
of service for residential space problem is not most of the public but specific residents or
visitors, it has a limitation of profit. Further, crime prevention has an important role for
society and recently it has been used frequently, however, the funding comes from the
government since it is a social service more than a service for profit.

Therefore, this study focuses on transportation service which is the most frequently
used service overall. To define and classify smart city transportation services, previous
studies have been reviewed. According to each classification, the components of the smart
city services on transportation service in South Korea, the United States, Japan, the EU,
and China have been reviewed. These five countries are the countries that most actively
introduce the Smart City services. Based on the transportation services, a business model
has been constructed for each service to assess the profitability (Figure 2).
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Table 1. Changes in the application frequency and proportion for each smart city services ! (2008-2017) [59].

Smart City Services 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

precjeiﬁ‘t‘fon 10(200) 7(137) 17(425) 23(383) 7(171)  9(237)  1(143) 3(231) 4(211)  8(242)

Transportation 7 (14.0) 5(9.8) 3(7.5) 7 (11.7) 3(7.3) 5(13.2) 1(14.3) 2 (15.4) 7 (36.8) 10 (30.3)
Governance 4(8.0) 0 (0.0 0(0.0) 6(10.0) 6 (14.6) 1(2.6) 0(0.0) 1(7.7) 0(0.0) 0(0.0)

Environment 5(10.0)  10(19.6)  3(7.5) 7 (11.7) 3(7.3) 2(5.3) 3 (42.9) 1(7.7) 0(0.0) 5 (15.2)

Facilit

manzﬁglf;nzlent 6 (12.0) 3(5.9) 3(7.5) 2(3.3) 2(4.9) 5(13.2) 1(14.3) 2(15.4) 1(5.3) 2(6.1)
txstdn%lcear{t 9 (18.0) 9 (17.6) 5(12.5) 2(3.3) 3(7.3) 5(13.2) 1(14.3) 2(154) 2 (10.5) 1(3.0)
Culture 2 (4.0) 5(9.8) 4(10.0) 2(3.3) 6 (14.6) 3(7.9) 0(0.0) 1(7.7) 0(0.0) 3(9.1)
Working 0(0.0) 2 (3.69) 1(2.5) 2(3.3) 1(2.4) 1(2.6) 0 (0.0) 0(0.0) 0(0.0) 0(0.0)
Logistics 2 (4.0) 2(3.9) 1(2.5) 1(1.7) 3(7.3) 2(5.3) 0 (0.0) 0(0.0) 1(5.3) 1(3.0)
Education 1(2.0) 1(2.0) 1(2.5) 2(3.3) 3(7.3) 2(5.3) 0(0.0) 1(7.7) 0(0.0) 0(0.0)
Living 4(8.0) 7 (13.7) 2 (5.0) 6 (10.0) 4(9.8) 3(7.9) 0(0.0) 0(0.0) 4(21.1) 3(9.1)

Total 50(100)  51(100)  40(100) 60 (100)  41(100)  38(100)  7(100)  13(100)  19(100) 33 (100)

! Table contents rearranged by the authors. % in ().
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Figure 2. Flow of research.

4. Result

Crime prevention and transportation services are among the actively used smart city
services as shown in Table 1. In other words, the core needs of smart city services are to solve
urban crime and transportation problems. However, since crime prevention services are
mostly public services [60], this study presents business models for transportation services.
The business model of the public institutions (BSBM) is different from the business model
of public sector. Goods and services provided by public institutions are often procured
indirectly through redistribution of taxes, so they are likely to be considered ‘free’ [61]. In
addition, since it provides products and services that meet the needs of general customers
rather than specific customer groups, it has a stronger public nature than profitability.
Therefore, this study intends to examine the business model of transportation services
in detail.

4.1. Definition and Classification of Smart City Transportation Services

Smart city transportation service is a system of Location Based Services (LBS) and
Geospatial Information System (GIS) focusing on the organic integration of telematics
which has focused on the intellectualization and networking of vehicle domains, and ITS,
which started with the intellectualization and networking of road/traffic systems. This
is a new IT convergence technology that realizes an intelligent transportation system in
connection with core technology.
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Mobility services comprise vehicle-oriented businesses, and many of their services are
operational. According to the Act [62] on Promotion of the Transportation Convenience of
Mobility Disadvantaged Persons, mobility services can be classified into three components:
transportation safety, transportation convenience, and transportation operation (Table 2).

Table 2. Classifications of Transportation Services.

Classifications Components

Vehicle-to-Everything (V2X), Advanced Driver
Assistance Systems (ADAS)

Intelligent vehicles

Transportation ;
safety Infrastructure Intelligent Transport Systems (ITS), smart
informatization pedestrian safety systems, Traffic management
control centers

Information Traffic inf .

Transportation distribution ratfic information

convenience - -

Toll service Smart tolling
Movi hicl . .

Transportation op(:;lar’:igo Ze 1ce Autonomous driving shuttles, Freight transport

operation

Facility operations Shared services, Charging infrastructures

Transportation safety includes Intelligent vehicles and Infrastructure informatization.
Intelligent vehicle includes Vehicle-to-Everything (V2X) and Advanced Driver Assistance
System (ADAS) which promotes driving safety and prevents accident by intelligently
recognizing driver behavior, driving conditions, and road conditions to predict possible
accidental situations while driving. Infrastructure informatization includes Intelligent
Transport Systems (ITS), smart pedestrian safety systems, and Traffic management control
centers which provides information to control safety by integrating control system.

Transportation convenience provides an interface and driving environment to the
driver based on biometric information or collected information from the control system to
minimize the driving load. It also includes automated payment systems such as smart toll.

Transportation operation includes moving vehicles such as autonomous driving shut-
tle or freight transport and Facility operation such as shared services or charging infrastruc-
ture. This is a service in various business areas such as vehicle green ICT industry, logistics,
u-Home, insurance, transportation, medical care, national defense, etc. It is an industry
that creates a new industry by inducing a synergistic effect between industries.

4.2. Components of Smart City Transportation Services

The derived components of the transportation services have important characteristics
and trends. The components of the services currently operated in South Korea, the United
States, Japan, the EU, and China are summarized in Table 3.

Each component requires infrastructure including networks, sensors, GPS, and power
to operate. The city system that manages and controls transportation is a key component to
collect and communicate with other services. Vehicle-to-Everything (V2X) and Intelligent
Transport Systems (ITS) provides service for optimal driving conditions by using traffic
information and Smart Tolling to reduce the traffic stopping for payment. Advanced Driver
Assistance Systems (ADAS) is a key technology for Autonomous Driving Shuttle which
also receives information from City Traffic Management Control Center. The components
are all based on ICT and information from the city control center. In addition, charging
infrastructure for an electric vehicle are also one of the necessary components.



Sustainability 2021, 13, 10832

7 of 14

Table 3. Components of Transportation Services: Definitions and Examples.

Components Definitions Examples

Vehicles exchange information using wired /wireless e  Vehicle-to-Vehicle (V2V)
Vehicle-to-Everything  networks, with other vehicles or objects, having e  Vehicle to Infrastructure (V2I)
(V2X) infrastructure, such as the construction of roads or e  Vehicle to Nomadic Device (V2N)
smart technology. e  Vehicle-to-Pedestrian (V2P)
Using advanced detection sensors, GPS,
Advanced Driver communication, intelligent video equipment, etc.; e In-vehicle navigation system
Assistance Systems while driving, the vehicle determines the situation e  Adaptive Cruise Control (ACC)

(ADAS) and controls itself, or the driver detects risk factors Lane Departure Warning System (LDWS)

in advance.
e  Advanced Traffic Management System

The term Intelligent Transport Systems (ITS) refers (ATMS)

to efforts to collect, store and provide real-time . Advanced Traveler Information System

. traffic information to maximize efficiency, provide (ATIS)
Intelligent Transport . . .
Systems (ITS) convenient safe transport, and reduce energy by e  Advanced Public Transportation System

applying advanced electronics as well as
information and telecommunication technologies
into roads, automobiles, and goods.

(APTS)

Commercial Vehicle Operation (CVO)
Advanced Vehicle and Highway System
(AVHS)

Smart Pedestrian

A smart crosswalk construction service that provides
sensor-based pedestrian safety detection and voice

Ground light-emitting diode (LED)
pedestrian signals

Voice information devices for
pedestrian signals

Safety System information services, encouraging the drivers to Lo
: Focused lighting
slow down and stop at the stop-line. . . .
Vehicle stop-line compliance
monitoring system
The entire city system relates to one communication
City Traffic network, where individual services (governance, .
. . . . Integrated operation center
Management Control  transportation, crime prevention, disaster .
. . eps Integrated operation platform
Center prevention, environment, underground utilities, etc.)

are interlinked.

Traffic information

Collecting and selling open data (traffic volume,
accident information, construction information)
generated from traffic.

National Traffic Information System
(eNaTIS / NaTIS)
Urban Traffic Information (UTIC)

Smart Tolling

Tolls are paid without stopping the vehicle by
recognizing the terminal device or the license
plate number.

Smart tolling system
Electronic payment services

Autonomous Driving
Shuttle

Cooperative automated driving-based public
transport vehicle operation.

Bus autonomous driving
Taxi autonomous driving

Freight Transport

Cooperative automated driving-based large freight
vehicle operation.

Truck autonomous driving

Shared Services

Services for sharing electric vehicles.

EV shared mobility

Charging
infrastructure

Infrastructure and systems for electric
vehicle charging.

Solar charge system
Energy Storage System (ESS)
Roof solar charging system

4.3. Summary of Business Models for Smart City Services

In Figure 3, Model 1 is the city traffic management, which consists of two main
business models: road operation solution construction and traffic-associated facility con-
struction. The business model of road operation solution construction and operation
services comprises traffic situation control, toll payment, and vehicle sharing platforms, for
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which this business model’s core competency is possessing a city-scale traffic management
system. Additionally, the business model of the traffic-associated facility construction con-
sists of smart streetlights, smart traffic lights, and smart stops. This business model’s core
competency is securing the line-up of traffic-associated facilities. However, it is difficult
to secure profitability in the city traffic management because it requires huge investments
to build large-scale infrastructure. Therefore, the government should implement it as a
public service. Since this business model includes a public service, it was excluded from
this study.

City Traffic Management

Model 1 )
1 Business Model

City Traffic Management
Control Center

("L KR Autonomous Driving Shuttle Business Model m Electric Vehicle Business Model

Figure 3. The summary of each service model of the smart city transportation services in terms of transportation safety,
transportation convenience, and transportation operations.

Model 2 is for the electric vehicle (EV) business, whose two models comprise con-
structing and operating solutions for supplying and using electric components of EVs and
operating EVs. The core competency of the business model is constructing and operating
solutions for the supply and use of electric components of EVs and possessing a circulation
system for supplying, collecting, and recycling batteries for EVs.

Model 3 is the autonomous driving shuttle business that operates autonomous public
transportation vehicles by linking them with the traffic control system. The core competency
of this business model is possessing a connected solution to control the movements of
autonomous driving shuttles and public transport systems. Each business model is listed
in Table 4.

The autonomous driving shuttle business model is highly related to city traffic man-
agement business model since it operates based on the information or control service. It
provides transport service and In-Vehicle Infotainment (IVI) service to the user which is
controlled by Traffic Management Control Center. It is also a part of the Electric Vehicle
Business Model since it uses electric vehicles. Electric Vehicle Business Model uses the
information from Traffic Management Control Center also to use smart parking and solar
charging system. The City Traffic Management Business Model provides infrastructure
and information for the other two business models and provides the optimal solutions for
energy saving. These three business models are connected, and some components could be
considered as a part of other business models.

Model 1 is entirely a public service model. Therefore, Model 1 is inappropriate for
deriving a business model and excluded from this study. Model 2 is a private service and
Model 3 comprises a combination of public and private services. This study analyzed the
business model based on Model 2 and Model 3.
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Table 4. Classification and core competencies of business models for smart city transportation services.

Business Model for Smart City
Transportation Services

Core
Competencies

Remarks

Model 1. City traffic
management business

Construction and operation of road
operation solutions (traffic situation
control, toll payments, vehicle
sharing platforms)

A city-scale traffic
operation system

Public service

Construction of traffic facilities (smart
streetlights /traffic lights, smart stops)

Securing a line-up of
traffic facilities

Model 2. Electric
vehicle (EV) business

Construction and operation of solutions
for supplying and using electric
components of EV

EVs

Circulation system for supply-
ing/collecting /recycling batteries

Construction and operation of EV
operating solutions (EV system,
renewable energy-combined charging,
smart parking)

Charging solutions

Private service

Model 3. Autonomous

Construction and operation of a
combined package of autonomous

Autonomous vehicles

Connected vehicle solutions

Public service +

drl\{mg shuttle vehicles and traffic control system (Traffic (telemg ties, In-Vehicle private service
business flow, unexpected situation control) Infotainment (IVI))
! p Road traffic control solutions
4.4. Business Model Profit Mechanism
The structure and major constituents of private businesses for the EV business (Model 2)
and the autonomous driving shuttle business (Model 3) are summarized in Figure 4 and
Table 5.
Electric Vehicle Business Model Autonomous Driving Shuttle Business Model
Smart City Urban Transportation Smart City Urban Transportation
Service Provider | Service Provider
—_— 3 ‘ Autonomous .
Delivery [Electric Vehicle ! o «---» Shared Service
P | Manufacurer | : f 7/ DL hNE ), Soluton
5 ‘ ‘ : ! Deivery ,” | Manufacturer | ™
5 Soluton | Soluuoniprovision E s 3 Corrr;ﬁmgauon
provision | In-vehicle i : .
Wase payment : v g DAupnog;om;s I
] Ebah‘ery solution i Communication il X L
' 1 collecion T I i Solution
' Solution} provision i \ ' -
: Charging |, i : : ¥
Delivery: Solution ; “ | ITS (Intelligent
: A x. E e 4 Transport
' .~ Delwvery ", Solufon provison i |07 basedRoad| | Systems)
: | Paty |
Smart Parking Management | eoEEE
Solution I + Smart Tolling
[_Part | Product |

Figure 4. Business models of smart city transportation services.
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Table 5. Constituents of business models for smart city transportation services.
Constituents of the Business Models for Smart City Transportation Services
Model 2: Electric vehicle Consists of manufacturers of vehicles, and providers of parts,

(EV) business products, and solutions.

Consists of public services—Intelligent Transport Systems,
autonomous driving, part manufacturers, solution providers, and
service providers.

Model 3: Autonomous
driving shuttle business

The summary of the profit model of each private business operator revealed that
EV manufacturers, who were the center of the EV business model, needed companies to
provide parts—batteries, products—ESS and photovoltaics, and solutions—charging, smart
parking, and in-vehicle payment solutions. In other words, the EV business model consists
of EV manufacturers, along with part, product, and solution providers. The main profit
model of each specialized company is supplying parts/products or providing solutions
to the EV manufacturers. However, generating revenue through parts/products is also
a profit model for general internal combustion engine car developers. Therefore, the key
source of revenue for electric vehicles is solutions. For example, Tesla’s commonly known
business model is the charging of electric vehicle charging systems. In other words, it
is a profit model through the brokerage of electric energy rather than vehicle sales. To
this end, Tesla has disclosed various patents related to electric vehicle charging systems.
Through this, it is possible to secure profits by preempting the standards and infrastructure
for electric vehicle charging and allowing electric vehicles other than Tesla to adopt and
use this charging system. As the user has to pay for the lifetime of charging an electric
vehicle as long as the user uses the vehicle, such as the fuel cost of a general vehicle and
the communication cost of a smartphone, it can dominate the electric energy market larger
than vehicle sales by establishing standards and infrastructure for this.

At the center of the autonomous driving shuttle business model is the autonomous
driving shuttle manufacturers, who require companies that provide parts—In-Vehicle
Infotainment (IVI), telematics, solutions—shared services and autonomous driving control
solutions, ITS, and smart tolling, and services—Internet of things-based road facility
management. In other words, the autonomous driving shuttle business model consists of
parts, solutions, and service companies; the main profit model of each specialized company
is supplying parts/products or providing solutions to the autonomous driving shuttle
manufacturers. Figure 4 illustrates the schematics of each business model.

An autonomous driving control solution gave the users extra time when they commute
and extra space in the car as the steering wheel and other parts are not necessary anymore.
Ford developed an Autonomous Vehicle Entertainment System which uses the vehicle as
a theater while the car is driving autonomously, and Volvo and Toyota developed cars
that can tilt the seats during the car drive autonomously to use the space as an office,
entertainment, or sleeping space. The startup Robomart is designing an on-demand
autonomous driving vehicle with a transparent display on one side to deliver food or
grocery. Autonomous driving technology will generate Passenger Economy which is the
economic and social value when fully autonomous vehicles can generate will be worth
7 trillion US dollars in 2050 [63]. This includes consumer mobility, B2B mobility, charging
service, and autonomous driving solutions.

5. Discussion and Conclusions

Smart cities are presented around the world as a major solution for solving urban
problems. However, it is difficult to operate smart city service models continuously,
unless operating profits are secured. The number of newly introduced smart city service
models has been increasing dramatically because of advances in technology. However, an
analysis of past cases shows that among countless smart city services, those that are still
under operation have decreased. In other words, the business model of each smart city
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service must be reviewed and validated in advance to secure the continuity of smart city
service models.

Transportation services were found to be the most important, after classifying recently
proposed smart city service models. The components of transportation services are divided
into safety, convenience, and operations. This study reclassified the components for the
EV and autonomous driving shuttle businesses of the transportation operation, and the
business models were constructed at a basic level. Thus, it was found that in each business,
various stakeholders relate to each other for mutual interests in a single profitable model.

Various stakeholders cooperate to build a smart city service. Therefore, if even one
of the various stakeholders constituting a service does not secure economic profitability,
it would be difficult to operate the smart city service fully. In other words, a detailed
review of the business model is required in advance, to operate a smart city service stably
and continuously. This study has focused on smart city service on transportation section
and its business model. Many cities and local governments introduce smart city services.
However, maintaining the service is challenging due to the profitability since the fun-
damental infrastructure and maintenance require a large amount of finance. Previously,
implementation of a smart city service considered mostly how to introduce the technology
to service. However, while smart city service is commonly implementing, maintenance and
sustainability are becoming the issue both financially and environmentally. A proper busi-
ness model suggested for transportation service would provide a sustainable mechanism
of transportation service and smart city.

Various advanced technologies are being developed through technological innovation.
However, in the process of commercialization of these technologies, commercialization
failure occurs due to the absence of an appropriate business model. Technological inno-
vation is creating fundamental changes in human life in various fields that have not been
previously expected, which is also applied to smart cities, improving the living environ-
ment of city citizens and enabling sustainable development. In order for these technologies
to be continuously applied to city operations, it is very important to develop and apply
appropriate business models to sustain profitability.

Nevertheless, this study also had some limitations. Since the components of business
models were minimized, the sizes of the elements constituting profitability were limited to
the major stakeholders, such as motorized transportation for people. Since these compo-
nents are the most developed technologies which are in use and commercialized, the needs
by users and municipal are high and most of the local government has implemented these
services. However, non-motorized transport and freight transport is also being developed
and have high needs by local government and industries. Non-motorized transport is
one of the commonly implemented smart transportation services to provide equity of acces-
sibility and sustainable transportation, and freight transport is an innovative technology to
reduce the cost of transportation. Hence, the components should be subdivided further, to
examine the actual business models of smart city services in a more sophisticated manner.
Moreover, future studies should subdivide the business models further to examine their
profitability structure. The types of smart city services differ among countries and cities.
However, this study simplified the service models. It used the components of South Korean
smart cities that did not incorporate all the service types existing in different counties and
cities. Therefore, based on the business models presented in this study, more appropriate
business models should be developed for various types of smart city services. In addition,
this study did not analyze the profitability of public services among the smart city services.
In smart cities, public services that solve urban problems are significant. Furthermore,
since large-scale construction and operation costs are injected into public services, their
profitability analysis is important. Therefore, future studies should also analyze public
services such as Model 1 (City traffic management business).
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