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Abstract: The urban landscape of Kinshasa, Democratic Republic of Congo, faces significant mobility
challenges, primarily stemming from rapid urbanization, overpopulation, and outdated infrastruc-
ture. These challenges necessitate the exploration of modern smart mobility concepts to improve
traffic flow, road safety, and sustainability. This study investigates the potential of solutions such
as Mobility-as-a-Service, car sharing, micro-mobility, Vehicle-as-a-Service, and electric vehicles in
addressing these challenges. Through a comparative analysis of global implementations, this research
identifies key success factors and barriers that inform the feasibility of integrating these solutions into
Kinshasa’s unique socio-political and infrastructural context. The study presents a conceptual frame-
work, supported by stakeholder analysis, for adapting these solutions locally. A detailed feasibility
analysis considers technological, economic, social, environmental, and regulatory factors, offering
a clear roadmap for implementation. Drawing on lessons from cities facing similar urban mobility
challenges, the paper concludes with actionable recommendations and insights for policymakers
and urban planners in Kinshasa. This research not only highlights the viability of smart mobility
solutions in Kinshasa but also contributes to the broader discourse on sustainable urban development
in rapidly growing cities. While smart mobility studies have largely focused on cities with developed
infrastructure, there is a gap in understanding how these solutions apply to cities like Kinshasa with
different infrastructural and socio-political contexts. Previous research has often overlooked the chal-
lenges of integrating smart mobility in rapidly urbanizing cities with underdeveloped transportation
systems and financial constraints. This study fills that gap by offering a feasibility analysis tailored
to Kinshasa, assessing smart mobility solutions for its traffic congestion and road safety issues. The
smart mobility solutions studied—Mobility-as-a-Service (MaaS), car sharing, electric vehicles (EVs),
and micro-mobility—were chosen for their ability to address Kinshasa’s key mobility challenges.
MaaS reduces reliance on private vehicles, easing congestion and improving public transport. Car
sharing offers affordable alternatives to vehicle ownership, essential in a city with income inequality.
EVs align with sustainability goals by reducing emissions, while micro-mobility (bikes and e-scooters)
improves last-mile connectivity, addressing public transit gaps. These solutions are adaptable to
Kinshasa’s context and offer scalable, sustainable improvements for urban mobility.

Keywords: smart mobility; Kinshasa; mobility as a service; car sharing; micro-mobility; vehicle as a
service; electric vehicles; feasibility analysis; urban mobility systems
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1. Introduction

This paper investigates the potential for implementing smart mobility solutions in
Kinshasa to alleviate severe traffic congestion and improve road safety. It begins by
analyzing the current mobility challenges in Kinshasa, such as congestion, pollution, and
inadequate public transportation, detailed in the Section on the city’s background and
mobility issues.

This study offers a thorough literature review of global smart mobility concepts,
emphasizing Mobility-as-a-Service (MaaS), car sharing, micro-mobility, Vehicle-as-a-Service
(VaaS), and electric vehicles (EVs). These insights are detailed in the literature review
Section. Following this review, the study proposes a conceptual framework for integrating
these solutions into Kinshasa’s existing infrastructure, customized to local conditions, as
elaborated in the conceptual framework Section.

A thorough feasibility analysis follows, evaluating technological, economic, social,
cultural, environmental, regulatory, and legal aspects. This is covered in the methodology
and feasibility analysis Section. The paper also examines successful smart mobility imple-
mentations in other cities, extracting lessons that can be adapted for Kinshasa, detailed in
the case studies Section.

While numerical validation is often used to quantify the impact of smart mobility
solutions, it is important to recognize that in the case of Kinshasa, specific quantitative data
may not yet be available or applicable. The city’s infrastructure is still in a developmental
phase, and smart mobility solutions have not been implemented on a scale that would
allow for meaningful numerical validation. As a result, this study adopts a qualitative and
conceptual approach, emphasizing feasibility through comparative case studies and expert
insights. However, the study does examine data, learned lessons, and real-world experi-
ences from other cities, such as Curitiba, Singapore, and many more, where sustainable
mobility systems have been implemented, providing relevant benchmarks and lessons that
Kinshasa can apply. These case studies offer indirect but valuable validation, allowing
Kinshasa’s policymakers and planners to draw insights on potential outcomes without the
need for direct numerical data at this stage.

The study concludes with strategic recommendations for implementing smart mobility
solutions in Kinshasa, including policy adjustments and infrastructure investments. It
also outlines future research directions to further investigate these solutions in rapidly
urbanizing cities, as detailed in the recommendations and future research Section.

The paper addresses several research questions: What are Kinshasa’s main mobility
challenges? How have other cities successfully implemented smart mobility solutions?
What are the essential elements of a conceptual framework for Kinshasa? What is the
feasibility of implementing various smart mobility solutions in Kinshasa? What strategic
recommendations can ensure successful implementation? These questions are explored
throughout the sections on background and context, literature review, conceptual frame-
work, feasibility analysis, and recommendations.

(A) Overpopulation and its main impacts

Current global demographic trends show a substantial increase in urban populations,
with forecasts predicting that the world’s urban population will hit 6.3 billion by 2050,
marking a 75% rise from today [1,2]. This growth is driven by migration, natural population
increases, and urbanization, which are causing a shift toward more urban living [3-5].
As cities become more crowded, this overpopulation affects urban mobility, leading to
issues like congestion, longer travel times, traffic jams, safety concerns, and environmental
pollution [6].

Overpopulation has a major impact on urban transport systems, creating a range of
complex issues. It puts extra strain on infrastructure, leading to problems like overcrowded
public transport, longer travel times, heavy traffic, and increased pollution [5,7]. As more
people move to suburbs, new residential areas pop up along transport routes, which adds
even more pressure to these systems [8]. With cities growing denser, there is a growing
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need for effective and sustainable transport solutions. This means we need to develop
strategies to improve public transport routes, explore new technologies, and upgrade
road infrastructure and signage [9]. To tackle these challenges, we need a comprehensive
approach that looks at how population growth, infrastructure, and environmental impact all
connect. In today’s digital age, smart mobility is becoming an essential part of sustainable
urban development.

Smart mobility encompasses various essential components that play a vital role in
enhancing urban transportation networks. These elements include integrating technol-
ogy to boost efficiency and sustainability [10], offering real-time traffic monitoring and
management [11], encouraging multi-modal transportation planning to enhance access
to services [12], and adopting innovative transportation methods like electric cars [13]
and urban bicycles. These measures help cut down greenhouse gas emissions and air
pollution, leading to better air quality and healthier residents. Additionally, smart mobility
enhances traffic safety by using advanced traffic monitoring systems and quick response
mechanisms to reduce accidents and collisions, ultimately improving the quality of life for
all city dwellers [14].

A study on smart mobility in urban areas [12] found that there is a noticeable gap in
attention to smart mobility in developing countries, where rapid urbanization is driving a
growing need for efficient transportation solutions. Implementing smart mobility solutions
is vital for driving economic growth and development in low-income areas. These solutions
address transportation challenges and improve access to crucial services [10,15].

(B) Background and context of Kinshasa’s current mobility challenges

Kinshasa, the rapidly expanding capital city of the Democratic Republic of Congo,
is on track to become Africa’s largest megacity by 2030 [16]. However, it faces numerous
mobility challenges exacerbated by rapid urbanization and population growth. The city’s
overpopulation intensifies the strain on its transportation infrastructure, leading to con-
gestion, pollution, and inadequate public transit systems. These issues hinder efficient
movement within the city, impacting the daily lives of millions of residents and stalling the
city’s development [17]. Addressing these multifaceted problems is critical to improving
Kinshasa’s mobility landscape and overall development trajectory.

To understand the nature of these problems the key basic characteristics of the twenty
most populous cities globally, including Kinshasa, were collected. These data are presented
in Table 1.

According to the data provided in Table 1, Kinshasa has the highest persons-per-car
ratio from the world’s twenty most populated cities. This indicates low car ownership
relative to population size, which means that existing vehicles are overcrowded, and
more people rely on alternative and shared transportation modes. The dense population
and insufficient modern public transport options, such as a metro system, present major
transportation challenges. Implementing a metro system could offer a high-capacity,
efficient alternative to road transport, greatly alleviating traffic congestion. The absence
of such a system means that residents have fewer alternatives to navigate within the city,
exacerbating road congestion.

The public transport system in Kinshasa is underdeveloped and unreliable [18]. The
current transport options are inadequate for the growing population. Many residents
have to depend on overcrowded and poorly maintained vehicles, which raises the risk of
accidents and diminishes the overall efficiency of the transport system [19].

The transport system is primarily characterized by its informality. It includes various
modes such as buses, minibuses, motorcycles, and taxis. Many of these modes operate
without regulation, leading to a chaotic and unpredictable environment, including for
example “taxi pirates”—unlicensed taxi drivers who fill the gap left by insufficient formal
transport services. The dynamic nature of this system adds a layer of complexity and
uncertainty for both passengers and drivers.
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Table 1. Characteristics of twenty world’s most populated megacities.
City Country P0f)21(1)12a;)1 on (Pel());?:/llgnz) Nu?:rir of Sl\;f :tt;; Cars per 1000 People
Kinshasa DR Congo 14,342,000 14,391 1,500,000 No 104.59
Cairo Egypt 20,901,000 19,376 2,220,000 Yes 106.22
New York City USA 18,804,000 10,430 2,000,000 Yes 106.36
Tokyo Japan 37,393,000 6363 4,547,000 Yes 121.60
Lagos Nigeria 14,368,000 6871 1,800,000 No 125.28
Shanghai China 27,058,000 3854 3,620,000 Yes 133.79
Osaka Japan 19,165,000 12,200 2,620,000 Yes 136.71
Dhaka Bangladesh 21,006,000 29,346 2,900,000 Yes 138.06
Chongging China 15,872,000 382 2,600,000 Yes 163.81
Manila Philippines 13,923,000 18,000 2,300,000 Yes 165.19
Mumbai India 20,411,000 20,482 3,400,000 Yes 166.58
Kolkata India 14,850,000 24,000 2,500,000 Yes 168.35
Tianjin China 13,580,000 1135 2,700,000 Yes 198.82
Buenos Aires Argentina 15,154,000 14,469 3,200,000 Yes 211.17
Karachi Pakistan 16,094,000 4421 3,600,000 No 223.69
Mexico City Mexico 21,782,000 6000 5,500,000 Yes 252.50
Istanbul Turkey 15,190,000 2848 4,000,000 Yes 263.33
Beijing China 20,463,000 1326 5,972,000 Yes 291.84
Delhi India 30,291,000 11,297 11,400,000 Yes 376.35
S&o Paulo Brazil 22,043,000 7398 8,500,000 Yes 385.61

This system emerged historically as a response to inadequate urban planning during
the colonial era, which did not provide sufficient means for residents to navigate the
city. Over the decades, the informal sector has grown substantially, largely due to the
government’s inability to provide comprehensive public transport solutions. The result is a
highly fragmented and unreliable transport network that struggles with regulation and
safety issues [17,19].

Kinshasa faces traffic congestion management challenges due to chaotic driver behav-
ior, inadequate road infrastructure, and limited funds for road maintenance and expan-
sion [17]. With a population density of 14,391 people per square kilometer, it is evident
that a large number of people are living in a confined area. Rapid urbanization and a lack
of adequate transport infrastructure are leading to significant congestion on the roads,
especially during peak hours, as many people need to travel within a limited space [18].
This congestion significantly delays travel times and impacts economic productivity. Major
routes, such as Lumumba Boulevard, which connects the city center to the international
airport, are chronically congested due to the lack of secondary roads and the poor condition
of existing infrastructure.

Regular flooding further exacerbates these issues, causing decreased travel speeds,
delays, and rerouting that disrupt public transit services. The diminished accessibility to
jobs is leading to significant economic burdens for local commuters [20]. This aspect is
closely related to the inadequate traffic management and absence of safety regulations that
are contributing to the chaotic state of its public transport system. The city’s roads are
plagued by potholes, and the behavior of drivers is often unpredictable and unsafe. This
situation is compounded by the lack of investment in traffic management infrastructure
and systems, which leads to frequent traffic accidents and unsafe road conditions.

Another problematic area is the environmental impact of current transport solutions.
On the one hand, it is a noise pollution. Traffic noise is a major issue in Kinshasa, with noise
levels ranging from 73 to 79 dB along major roads. The high level of noise pollution causes
significant annoyance and sleep disturbance among residents. A notable percentage of
people are highly annoyed or experience sleep disturbances due to traffic noise, especially
in areas with heavy traffic. Additionally, the transport system in its current state is a major
contributor to air pollution. The significant presence of outdated and poorly maintained
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vehicles releases a considerable amount of pollutants, exacerbating health problems within
the community. Furthermore, the discharge of untreated wastewater into the Congo River
from transport and other activities has led to severe environmental degradation, impacting
water quality and public health [21].

Given these above-described significant challenges, overpopulation, in particular,
exacerbates the mobility-related issues and challenges. Overpopulation presents a critical
challenge for Kinshasa’s mobility infrastructure. With the city’s population expected to
reach over 20 million by 2030, the already-strained transportation system is under immense
pressure. Rapid population growth has led to increased demand for transport services, out-
pacing the city’s ability to develop adequate public transportation and road infrastructure.
As more residents rely on personal vehicles and informal transit systems, Kinshasa’s streets
are frequently congested, leading to longer travel times, increased pollution, and a higher
rate of road accidents. The overburdening of existing infrastructure also results in frequent
breakdowns, worsened road safety conditions, and reduced accessibility, particularly for
low-income communities. These impacts make it clear that conventional mobility solutions
are no longer sufficient, and innovative approaches, such as smart mobility concepts, must
be explored to accommodate the city’s growing population and future transportation needs.

Overall, in a nutshell, Kinshasa’s mobility challenges are largely driven by rapid
urbanization, poor infrastructure development, and a severe lack of reliable public trans-
portation options. Roads such as the “Lumumba Boulevard”, a major artery connecting
key areas of the city, experience chronic congestion, with travel delays that can extend
for hours during peak times. The absence of mass transit systems, such as metro or tram
networks, forces residents to depend on personal vehicles or informal, overcrowded taxi
services, further contributing to the traffic burden. Additionally, the city’s road conditions
are often poor, with potholes and insufficient maintenance exacerbating travel inefficiencies.
Compounding these issues, Kinshasa suffers from a lack of proper traffic management sys-
tems and frequent flooding, which regularly disrupts transportation flow. These problems
are not just logistical but also significantly impact the quality of life for residents and the
economic productivity of the city. As a result, addressing these mobility challenges through
innovative, sustainable, and scalable solutions is essential for Kinshasa’s future.

(C) Rationale for Introducing Modern Smart Mobility Concepts in Kinshasa

The need to transform Kinshasa’s mobility landscape is driven not only by existing
challenges in mobility but also by the necessity to adapt to the changing demands of a
modern urban environment. Embracing modern smart mobility concepts can revolutionize
Kinshasa’s transportation systems, leading to improved transport efficiency, sustainability,
equity, economic growth, and a better quality of life for its residents.

In light of Kinshasa’s significant mobility challenges, traditional transportation ap-
proaches have proven insufficient to address the city’s rapidly evolving needs. The absence
of effective public transit systems, combined with over-reliance on informal transport
modes and personal vehicles, has led to chronic congestion, accidents, and environmental
degradation. Smart mobility solutions, such as MaaS, EVs, and car-sharing systems, pro-
vide a pathway to resolving these issues. These innovative approaches leverage advanced
technologies to improve traffic management, reduce reliance on private vehicles, and offer
environmentally friendly alternatives. By incorporating real-time data, automated systems,
and intelligent transportation networks, these solutions enable efficient, scalable, and sus-
tainable urban transport. Additionally, lessons from global cities facing similar challenges
demonstrate that smart mobility can dramatically improve urban flow, reduce pollution,
and increase access to transportation for underserved populations. As Kinshasa looks to
the future, embracing smart mobility offers a transformative opportunity to modernize its
transportation infrastructure and create a more livable, sustainable urban environment.

In terms of efficiency, smart mobility improves travel routes, shortens wait times, and
reduces congestion by utilizing real-time data and cutting-edge technologies [22,23]. Traffic
jams and air pollution remain major issues, particularly in large cities, and this situation is
unsustainable in the long run. Urban transport systems worldwide face challenges such
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as pollution and inefficient resource use, which often hinder economic growth. Simply
constructing more roads will not solve these problems; there is a need to integrate urban
infrastructure through smart connectivity [24]. As a key component of a smart city, smart
mobility has the potential to decrease traffic congestion, shorten commuting times, and
reduce road accidents, while also allowing passengers to tailor their travel experiences.
Indeed, developing smart mobility solutions is one of the top challenges for major cities
globally. This involves a series of strategic actions supported by advanced technologies [25].
To provide a comprehensive view of smart mobility, the various elements and dimensions
are explored. Additionally, the trends, opportunities, and challenges associated with smart
mobility are discussed. This paper emphasizes four key components of smart mobility:
intelligent transport systems, open data, big data analytics, and citizen engagement. These
interconnected elements are essential for the effective deployment of smart mobility initia-
tives [15]. By enhancing the movement of people and goods, smart mobility boosts overall
efficiency in transportation networks and smoothens urban operations.

As previously noted, Kinshasa is dealing with major environmental issues such as air
pollution and carbon emissions. To address these challenges and improve sustainability,
adopting a smart mobility strategy could be key. This approach would include integrating
EVs, offering micro-mobility options like electric scooters, and expanding shared trans-
portation services [26]. By embracing these eco-friendly solutions, Kinshasa can move
toward a greener city and a healthier living environment for its residents.

Smart mobility makes transportation more accessible to everyone, ensuring that people
from all income levels and locations can enjoy convenient and affordable travel options [27].
By connecting urban centers with more remote areas, these initiatives foster inclusivity and
strengthen social ties [28].

A well-functioning transportation system catalyzes economic activity and prosper-
ity [29]. Embracing smart mobility solutions can attract investment, create employment
opportunities in emerging sectors such as EV infrastructure and mobility services, and stim-
ulate overall economic growth through enhanced urban connectivity and efficiency [30].

2. Literature Review

The motivation for this research arises from the pressing urban mobility challenges
faced by Kinshasa, including rapid population growth, inadequate infrastructure, and poor
traffic management systems. Kinshasa’s population growth has outpaced the development
of transportation infrastructure, leading to chronic congestion, long commuting times, and
unsafe travel conditions. These issues not only affect the quality of life for residents but
also hinder economic development. By investigating smart mobility solutions, this research
aims to provide innovative and data-driven strategies to alleviate these problems and offer
sustainable solutions for Kinshasa’s urban transportation network.

2.1. Review of Existing Literature on Smart Mobility Concepts

Smart mobility encompasses a variety of strategies and technologies designed to
improve transportation systems. The exploration of smart mobility concepts within existing
literature and their implementation globally reveals a multifaceted landscape of innovative
strategies, technological advancements, and policy frameworks aimed at revolutionizing
urban transportation systems worldwide. Lessons learned from leading cities worldwide
can be valuable markers, providing insights into effective technological strategies and
best practices for improving urban mobility and quality of life. As Kinshasa advances its
transportation improvements, it can draw valuable insights from cities globally. By merging
technological advancements with a user-centric approach, enhancing infrastructure, and
formulating supportive policies, the city can establish a blueprint for sustainable urban
mobility [31]. This holistic strategy addresses present transportation challenges while
also paving the way for future resilience, inclusivity, and environmental conservation in
urban development.
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This literature review highlights three main areas: technological innovations and inte-
gration, user-centric approaches and behavior change, and data-driven decision-making.
For each of these areas, the primary approach is explained, and case study descriptions
are included.

2.1.1. Technological Innovations and Integration in Smart Mobility

The backbone of smart mobility is technological innovations [23,27]. They involve the
application of novel information technologies to achieve efficient transportation, offering
transformative solutions to address urban transportation challenges. These technologies
cover everything from real-time data analysis to sensor networks. They combine inno-
vations like IoT, Al, and big data analytics to improve traffic management, cut down on
emissions, and make the overall user experience better [23]. They empower cities to im-
plement efficient traffic management strategies, predictive maintenance protocols, and
personalized transportation services tailored to individual needs. Several studies highlight
the potential of these technologies to transform urban mobility by making transportation
systems more efficient and responsive to real-time conditions [32-34].

Even with their advantages, integrating these technologies comes with major hurdles,
such as high costs, the necessity for considerable infrastructure investments, and concerns
about data privacy and security. There is also ongoing debate about the environmental
impact of EVs, especially regarding battery production and disposal [34].

Case studies from leading smart cities such as Amsterdam and Seoul provide com-
pelling examples of successful technological integration in urban mobility. In various
cities, implementing smart traffic lights, adaptive signal control systems, and dynamic
route optimization algorithms has resulted in significant benefits. By using data-driven
insights and advanced algorithms, these technologies have successfully improved traffic
flow, reduced congestion in key areas, and cut down on commute times for travelers [35].

For example, Amsterdam’s advanced system of smart traffic lights changes signal
timings in real time according to traffic flow, pedestrian activity, and environmental factors.
This dynamic control mechanism enhances intersection efficiency, reduces unnecessary
stops, and improves overall traffic fluidity within the city. Similarly, Seoul’s implementation
of adaptive signal control systems intelligently prioritizes high-volume traffic corridors, syn-
chronizing signal timings to accommodate fluctuating demand and minimize delays [36].
Dynamic route optimization algorithms enable commuters to navigate urban landscapes
more efficiently, considering factors such as traffic conditions, road closures, and alternative
modes of transportation. By providing real-time navigation guidance, these technolo-
gies empower users to make informed travel decisions, thereby reducing congestion on
congested routes and enhancing overall mobility experiences.

Integrating technological innovations into smart mobility marks a major shift in how
we plan and manage urban transportation [37]. By leveraging data analytics, sensor
networks, and smart algorithms, cities can develop transportation systems that are more
resilient, efficient, and sustainable, adapting to the changing needs of their residents.

Even in towns like Kinshasa, with very underdeveloped and primitive infrastructure,
these technological insights can serve as guiding lights. Kinshasa, with its unique set
of challenges stemming from rapid urbanization, limited resources, and infrastructural
constraints, can learn valuable lessons from the experiences of more developed cities in
implementing smart mobility solutions. By learning from experiences and good practices
elsewhere, Kinshasa can begin to lay the groundwork for implementing similar solutions,
adapting them to suit its unique context and infrastructure limitations. Strategies like using
real-time data analytics for traffic management, setting up sensor networks to monitor
road conditions, and offering personalized transportation services can all be customized
to meet Kinshasa’s unique needs and challenges. Additionally, partnering with global
experts, tech companies, and international organizations can help with knowledge transfer
and capacity building in smart mobility solutions. Kinshasa stands to gain from collabo-
rative efforts that emphasize knowledge exchange, pilot projects, and skill development
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among local stakeholders, encouraging a culture of innovation and sustainability in urban
transportation planning.

2.1.2. User-Centric Approaches and Behavior Change in Smart Mobility

User-focused strategies in smart mobility aim to grasp and shape user behavior to
boost the use of eco-friendly transportation options. This means involving users in creating
and refining mobility solutions and applying behavioral science to foster a shift toward
more sustainable practices. Getting a handle on user behavior is crucial for designing
effective and sustainable transportation solutions that cater to the needs and preferences of
city dwellers [38].

Studies have found that including end-users in the co-creation of smart mobility
solutions can significantly boost acceptance and ensure the solutions better meet user
needs [39]. This method not only helps in crafting more effective solutions but also acts as
a risk management tool by identifying potential behavioral changes and obstacles early on.
This is crucial for the success of smart mobility projects, as behavioral change plays a key
role. Research highlights that factors such as social influences, personal innovativeness, and
user engagement are major drivers of new technology adoption [40]. Effective strategies
to enhance user engagement and promote behavior change include participatory sensing,
mobile social networks, and customized communication.

Cities like Copenhagen can serve as exemplary models in promoting user-centric ap-
proaches to smart mobility. Copenhagen, famous for its cycling culture, has led initiatives
that not only improve infrastructure but also actively promote changes in citizen behavior.
The city’s substantial investments in dedicated bike lanes, expansive bike-sharing schemes,
and cycling incentives have significantly transformed commuting habits, decreasing car
dependence and cultivating a culture of active transportation [22]. Copenhagen’s success
largely stems from its use of behavioral nudges to promote sustainable transportation. The
city has cleverly positioned bike racks, introduced traffic-calming measures, and provided
financial incentives like tax breaks for cyclists. These strategies have successfully encour-
aged people to choose cycling over more conventional forms of transport. These nudges
subtly influence user behavior, making cycling an attractive and convenient choice for daily
commutes and recreational activities. Moreover, Copenhagen’s emphasis on user experi-
ence extends beyond infrastructure enhancements to encompass holistic support systems
for cyclists. From providing amenities like secure bike parking and changing facilities to
offering educational programs on cycling safety and maintenance, the city ensures that
users feel empowered and supported in adopting sustainable mobility behaviors [41].

Combining Copenhagen’s user-focused strategies with cutting-edge tech innovations
in smart mobility can greatly enhance urban transportation. By using real-time data, sensor
networks, and personalized services, cities can better meet their residents” diverse needs
and preferences. Kinshasa, in particular, can gain useful insights from Copenhagen’s com-
prehensive approach, which emphasizes accessibility, safety, and education to encourage
sustainable transportation for everyone, regardless of their socio-economic status. Kinshasa
can take inspiration from Copenhagen’s investment in cycling infrastructure and active
mobility promotion. While Copenhagen has well-developed cycling facilities and behavior-
changing initiatives, Kinshasa can adapt these core principles—focusing on sustainable
transport modes and community engagement—to its own unique urban environment. By
implementing similar behavior nudges suited to its local context, Kinshasa can promote
sustainable travel choices and alleviate congestion, even with fewer resources. Through
this adaptation, Kinshasa can harness the benefits of Copenhagen’s strategies, tailored to
its specific challenges and opportunities.

2.1.3. Data-Driven Decision-Making in Smart Mobility

Data-driven decision-making harnesses big data analytics to refine and enhance trans-
portation planning and operations. With the surge in urban data from diverse sources like
sensors, social media, and mobile devices, cities gain crucial insights into mobility patterns
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and user behaviors. These data-driven strategies can boost transportation system efficiency,
optimize service design, and enable real-time decision-making. By leveraging this wealth
of information, cities can improve traffic flow, decrease congestion, and elevate overall
transportation efficiency [42].

While utilizing data for decision-making can lead to significant benefits, it also in-
troduces issues related to maintaining data quality, ensuring proper integration, and
safeguarding privacy. Ensuring the dependability and precision of data is crucial, as is
addressing ethical and privacy issues, to successfully deploy smart mobility solutions [43].

Data-driven decision-making plays a pivotal role in smart mobility by leveraging
vast amounts of data generated from various sources such as sensors, GPS devices, and
mobile applications. These data provide real-time insights into traffic patterns, commuter
behaviors, and transportation inefficiencies. By harnessing these data, city planners and
policymakers can make informed decisions about infrastructure improvements, optimize
traffic management, and introduce adaptive solutions based on real-time needs. Further-
more, the integration of predictive analytics helps forecast future mobility trends, ensuring
that transport solutions evolve alongside the city’s growth. In the context of Kinshasa,
where transportation data may be scarce, adopting a data-driven approach allows for
targeted interventions that address the city’s most critical mobility issues.

3. Conceptual Framework
3.1. Overview of Key Smart Mobility Concepts

Smart mobility covers a variety of innovative transportation solutions designed to im-
prove the elements mentioned earlier. Key concepts in this field include MaaS, car-sharing
services, micro-mobility options, VaaS, and EVs. All these advancements leverage tech-
nology to optimize traffic management, reduce emissions, and improve user experiences,
thereby transforming urban transportation landscapes globally [44]. In the following text,
the basic characteristics of each concept are described together with its main advantages
and challenges.

3.1.1. Concept of “Mobility-as-a-Service”

Maa$S marks a significant change toward a mobility ecosystem that is more efficient,
sustainable, and focused on the needs of users [45]. It integrates various transportation
modes, including buses, trains, taxis, car-sharing, bike-sharing, and micro-mobility options,
into a cohesive ecosystem where various modes of transportation converge within a unified
digital platform (see Figure 1). Maa$S platforms offer personalized travel options, reducing
dependency on private vehicles, enhancing user experience, and providing data-driven
insights to optimize urban mobility [46].

Key features include a focus on user needs, integration of multiple transportation
modes (public transit, ride-sharing, bike-sharing, taxis), a unified digital interface, and
flexible payment structures like subscription-based plans or pay-as-you-go models.

At its core, Maa$S eliminates the need for individual vehicle ownership, allowing
users to effortlessly plan, book, and pay for diverse mobility options through a single
interface [47,48]. Traditionally, transportation planning involved disjointed processes
with separate payments and fragmented experiences. MaaS, however, streamlines this
by offering integrated access to services, enhancing convenience and efficiency. Benefits
of Maa$S encompass time savings, cost efficiency, environmental sustainability, and the
promotion of smart city development [45,49]. This strategy supports urban sustainability
objectives by optimizing resource use, lowering carbon emissions, and improving mobility
access for every resident.
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Figure 1. A simplified representation of the Mobility-as-a-Service concept.

Successfully implementing MaaS comes with its own set of challenges. Developing a
user-friendly platform that integrates multiple transportation options—like public transit,
ride-sharing, bike-sharing, and car rentals—necessitates significant coordination and tech-
nological progress [50]. It is essential to ensure that different service providers’ systems
can work together smoothly, but this can be challenging. Issues with data sharing and
privacy must also be addressed, as the success of this service relies on real-time information
exchange between multiple entities. Achieving a balance between affordability for users
and profitability for service providers is a key challenge in creating a sustainable business
model [51]. Updating regulatory and legal frameworks to support this innovative trans-
portation approach can be both complex and politically delicate. To encourage widespread
public adoption, it is essential to invest in comprehensive marketing and educational
initiatives. These efforts should highlight the advantages and user-friendliness of MaaS,
ensuring the system is accessible and inclusive for all individuals.

3.1.2. Concept of “Car Sharing”

Car sharing is a transport model that is gaining traction globally. It offers individuals
the opportunity to rent or share vehicles for short periods, typically by the hour. At its core,
car sharing represents a departure from traditional car ownership, emphasizing shared
access, community collaboration, and environmental sustainability (see Figure 2).

Car-sharing services offer a wide selection of vehicles to meet different needs and
preferences, from budget-friendly options to luxury models. Unlike traditional car rentals,
these services are available 24/7 and can be easily accessed via user-friendly apps or online
platforms. Charges are based on usage, considering both the time the vehicle is used and
the distance traveled.

The primary benefit of car sharing is its cost-effectiveness, which frequently makes
it more economical than owning a personal vehicle. Additionally, it provides unmatched
convenience, with cars readily available near users’ locations [52].
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Figure 2. A simplified representation of the car-sharing concept.

Additionally, car sharing benefits the environment by encouraging resource sharing
and decreasing the need for private car ownership. With fewer cars on the road, there are
lower emissions and a move toward more sustainable urban mobility practices [53].

Implementing car-sharing concepts into the existing transportation system also presents
several challenges. One of the primary issues is the need for adequate infrastructure, in-
cluding designated parking spaces and vehicle maintenance facilities, which can be costly
and difficult to integrate into densely populated urban areas. Additionally, there are lo-
gistical challenges related to ensuring vehicle availability and distribution to meet user
demand, particularly during peak hours. Another significant problem can be the potential
resistance from traditional taxi services and private car owners, who may view car shar-
ing as a threat to their livelihoods. Addressing regulatory and legal barriers is essential
since car-sharing services must adhere to local transportation laws and regulations. More-
over, to increase user engagement, it is essential to deploy effective marketing tactics and
create intuitive technology platforms that provide a smooth and hassle-free experience.
Car-sharing services can differ widely in terms of availability and conditions, influenced
greatly by the specific region and the service provider involved [54]. Factors such as vehicle
selection, pricing structures, accessibility, reservation processes, and usage policies may
differ. Additionally, local regulations and infrastructure play important roles in shaping the
feasibility and practicality of car sharing in different regions, underscoring the importance
of understanding the local context before diving into this mobility solution [55].

3.1.3. Concept of “Electric Vehicles”

An EV is a mode of transportation powered either completely or partially by electricity,
providing a cleaner alternative to conventional internal combustion engines that depend on
fossil fuels such as gasoline or diesel. EVs are powered by electric motors and vary based
on their electricity sources and levels of reliance on electric power. They can be categorized
into four main types:

(a) Battery Electric Vehicles (BEVs) rely entirely on electricity stored in rechargeable
battery packs and must be plugged into an external power source to recharge. Models
like the Tesla Model S and the Nissan Leaf are prime examples of BEVs (situation
in 2024).
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(b) Plug-in Hybrid Electric Vehicles (PHEVs) blend an electric motor with an internal
combustion engine. These vehicles can be recharged using an external power source
and are capable of operating purely on electric energy for a specific range before the
internal combustion engine activates. Examples of such vehicles are the Chevrolet
Volt and the Toyota Prius Prime (situation in 2024).

(¢) Hybrid Electric Vehicles (HEVs) integrate an electric motor with an internal combus-
tion engine. However, unlike PHEVs, HEVs lack the ability to recharge their batteries
from an external power source. Instead, HEVs rely on regenerative braking and the
internal combustion engine to maintain battery power. Instead, the battery is charged
through regenerative braking and the internal combustion engine. The Toyota Prius
and Honda Insight are widely recognized HEVs (situation in 2024).

(d) Fuel Cell Electric Vehicles (FCEVs) generate electricity on-board through a chemical
reaction between hydrogen and oxygen in a fuel cell. FCEVs emit only water vapor
and heat as byproducts, with the Toyota Mirai and Hyundai Nexo being prime
examples (situation in 2024).

EVs have several crucial components: the electric motor (1) transforms electrical energy
into mechanical energy to drive the vehicle, while the battery pack (2) stores this electrical
energy. The charging port (3) enables the vehicle to link with an external power source for
recharging. The power electronics controller (4) manages the allocation of electrical energy
between the motor and the battery. Lastly, the thermal system (5) ensures that the battery,
electric motor, and other parts operate within their ideal temperature range.

EVs come with multiple benefits (see Figure 3). For starters, they generate zero tailpipe
emissions, which greatly helps cut down air pollution and greenhouse gas emissions. They
also boast greater energy efficiency compared to internal combustion engines, converting a
higher percentage of battery energy into movement. Moreover, EVs generally offer cost
savings over traditional gasoline-powered cars in two key areas: fuel and maintenance.
They also offer remarkable performance features, such as immediate torque for rapid
acceleration and a smoother overall driving experience. By expanding the use of electric
buses and taxis and building a strong charging network, we can speed up EV adoption,
enhance air quality, and support sustainable urban transport [56].

PROS 'ﬁ‘( CONTRAS
Environmental benefits: Reduced emissions Costs: High initial purchase cost
Cost savings: Lower fuel costs Range Anxiety: Limited range

Maintenance: Lower maintenance costs Charging Infrastructure: Lack of charging stations

Energy Consumption: Higher energy efficiency Battery Life: Battery degradation over time
Noise Reduction: Quieter operation ﬁ' Charging: Long Charging Time

Figure 3. Electric vehicle characteristics compared to traditional combustion vehicles.

Integrating EVs into the current transportation system comes with several chal-
lenges [34]. A key technical hurdle is ensuring compatibility with local power grids and
having sufficient capacity to handle the increasing demand. To avoid putting undue stress
on the system and to sidestep expensive upgrades, it is crucial to carefully plan and manage
EV charging activities. Another major issue is cost. EVs tend to be more expensive than
traditional combustion engines, and electric buses need specific charging infrastructure,
such as fast-charging stations at each route endpoint, which involves significant installa-
tion and maintenance expenses. Range anxiety—the worry about limited driving range
and the availability of charging stations—is a notable concern [57]. Furthermore, while
recharging an EV usually requires more time compared to refueling a traditional gasoline
car, ongoing improvements in fast-charging technology are mitigating this issue. The high
cost of battery production and concerns about battery lifespan and degradation also pose
challenges. These factors make the shift to EVs a complex and costly endeavor.
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3.1.4. Concept of “Micro-Mobility”

Micro-mobility encompasses small, lightweight transportation options ideal for short
trips within cities. These vehicles are perfect for covering the “last mile” of a journey,
offering a range of personal mobility solutions that align with the latest technological
advancements and changing preferences. This category includes both electric and non-
electric two-wheeled vehicles, each designed to meet the specific needs and preferences of
various users. See Figure 4.
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Micromobility as a way to create sustainable and healthier cities

Scooter E-bike Bike E-unibike Hoverboard E-scooter

Figure 4. The most common 1- and 2-wheeled micro-mobility vehicles.

Scooters, bikes, e-bikes, e-scooters, e-unibikes, and hoverboards are changing how
people navigate urban spaces, offering versatile, eco-friendly alternatives for both commut-
ing and leisure. Electric bikes blend traditional cycling with motorized assistance, making
it easier to tackle longer commutes and varied terrains, while e-scooters have become iconic
in cities due to their compact design and clean energy, perfect for quick, short-distance trips.
Scooters, in their traditional, non-motorized form, still serve as a simple and lightweight
means of urban transportation. E-unibikes, with their futuristic single-wheel design, offer
an agile and exciting way to traverse city streets, while hoverboards, although requiring
balance and skill, provide a fun and efficient solution for short-range urban mobility. Tra-
ditional bicycles, though not motorized, remain a cornerstone of urban mobility, offering
eco-friendly, healthy transportation for short-to-medium distances. Neighborhood Electric
Vehicles (NEVs), while four-wheeled, also play a role in localized urban travel, promoting
energy efficiency and emissions reduction in neighborhoods and small communities [58].

This diverse array of vehicles highlights the evolving landscape of urban mobility,
emphasizing sustainability, reducing congestion, and offering tailored solutions for varied
urban transportation needs. Micro-mobility options provide convenient and eco-friendly
last-mile connectivity solutions [59]. These options help reduce traffic congestion in densely
populated areas and promote sustainable urban transportation alternatives. As technol-
ogy continues to progress and environmental consciousness grows, it can expect further
innovations in both electric and non-electric personal mobility [60].

Implementing the micro-mobility concept, which includes small-scale, lightweight
transportation options, into existing transport systems presents several challenges [61].
Cities need to adapt infrastructure with dedicated lanes and parking to safely accommodate
these vehicles. Without proper infrastructure, micro-mobility can lead to increased acci-
dents and pedestrian conflicts [62]. Additionally, integrating micro-mobility with existing
public transport networks requires seamless connections and convenient access points,
which can be difficult to achieve in already congested urban areas. Another challenge is
regulatory oversight, including establishing safety standards, and usage rules, and manag-
ing the proliferation of vehicles. Effective regulation must balance encouraging innovation
while ensuring public safety and minimizing urban clutter. Public acceptance is also cru-
cial, involving concerns about reliability, safety, and the potential for theft or vandalism.
Environmental benefits depend on sustainable lifecycle management of vehicles. Ensuring
equitable access to micro-mobility options for all residents, including underserved commu-
nities, is also vital. Addressing these challenges requires coordinated planning, investment,
regulation, public engagement, and sustainability.
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3.1.5. Concept of “Vehicle-as-a-Service”

The VaaS concept represents a shift away from traditional vehicle ownership and

transportation models. VaaS revolutionizes mobility by offering access to vehicles through
subscriptions or on-demand services instead of ownership [63]. Users can conveniently rent
vehicles via websites or mobile apps, emphasizing flexibility, convenience, and usage-based
payment (see Figure 5). Usually, they pay a flat monthly fee for vehicle access. When
transportation is needed, they simply request a vehicle via smartphone. A vehicle promptly
arrives at their location, ready for use within the subscription terms.
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Figure 5. Schematic overview of a Vehicle-as-a-Service concept.
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The main advantages of this concept can be described as follows:

Subscription-Based Access: VaaS offers a flexible subscription or pay-per-use system,
giving people or companies the chance to use vehicles when they need them instead
of having to buy them. This strategy aligns with the growing market preference for
access rather than ownership.

Diverse Vehicle Options: VaaS platforms provide a wide array of transportation
options that extend far beyond the typical car. From electric bikes and scooters to
vans and specialized vehicles designed for specific tasks such as deliveries or special
events, these platforms ensure users have the flexibility to select the perfect vehicle
for their unique needs.

Digital Platforms and Connectivity: VaaS relies heavily on digital platforms and
mobile apps to facilitate seamless booking, payment, and vehicle access. Users can
reserve vehicles, track their usage, and manage payments through intuitive interfaces,
enhancing convenience and accessibility.

Integrated Services: Beyond vehicle access, Vaa$S platforms often integrate additional
services such as insurance, maintenance, roadside assistance, and charging infrastruc-
ture for EVs. This holistic approach aims to provide a hassle-free and comprehensive
mobility experience for users.

Flexibility and Scalability: VaaS solutions offer flexibility in terms of subscription
plans, allowing users to adjust their vehicle usage based on changing needs. For
businesses, VaaS offers scalability by providing fleet management tools and analytics
to optimize vehicle utilization and costs.

Sustainability and Efficiency: By encouraging shared use and streamlining vehicle
fleets, VaaS helps advance sustainability efforts by cutting down on total vehicle
ownership, easing traffic congestion, and lowering emissions in cities. It also supports
the switch to greener and more efficient transportation choices, including EVs.
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(g) Data-Driven Insights: VaaS platforms leverage data analytics to gather insights
into user behavior, vehicle usage patterns, and operational efficiency. This data-
driven approach enables continuous optimization of services, fleet management, and
user experiences.

VaaS represents a paradigm shift toward a more flexible, sustainable, and integrated
approach to mobility, utilizing technology to provide customized solutions to the changing
requirements of transportation ecosystems [64]. By treating vehicles as services rather than
commodities, VaaS models prioritize user experience, environmental impact, and overall
system performance, aligning with modern smart mobility frameworks [65].

Introducing VaaS comes with its own set of challenges. A major hurdle is the consider-
able investment needed for infrastructure, which includes maintaining a fleet of operational
vehicles and the associated facilities. This substantial upfront cost, along with ongoing
operational expenses, can pose a significant obstacle, particularly in areas with constrained
financial resources. Effective integration requires seamless coordination among government
agencies, private operators, and technology providers, often complicated by bureaucratic
inefficiencies and lack of collaboration. Achieving widespread user acceptance demands
a cultural shift from car ownership to sharing, addressing concerns about reliability and
convenience [63]. This transition requires tackling issues around the dependability, accessi-
bility, and ease of use of shared vehicles in contrast to privately owned ones. Additionally,
safeguarding data privacy and security poses a significant challenge. Effectively managing
and securing the extensive data produced by VaaS platforms is essential for upholding
user trust and meeting regulatory requirements. Additionally, regulatory and policy frame-
works must be revised or created to support the VaaS model, ensuring it aligns with broader
urban mobility objectives and tackles issues like traffic management, environmental impact,
and equitable access.

3.2. Integration of Modern Smart Mobility Concepts into Kinshasa’s Existing Infrastructure

It is evident that integrating any of the modern smart mobility concepts previously
presented has the potential to transform Kinshasa’s transportation system and address
its main challenges, such as traffic congestion, lack of sufficient public transport, and
environmental issues. However, implementing these concepts in all cases will necessitate
significant infrastructure improvements and careful strategic planning. The following text
summarizes the main requirements for the implementation of each concept.

3.2.1. Mobility-as-a-Service

MaaS is a new idea that brings together different kinds of transportation services into
one easy-to-use on-demand platform. In Kinshasa, the integration of public transit, car-
sharing, bike-sharing, and ride-hailing into a unified system accessible via a smartphone
app could streamline transportation options and make getting around much easier. This
would make it easier for people to plan, book, and pay for their trips all in one place, making
transportation more efficient and user-friendly. To make Maa$S work in Kinshasa, the city’s
technology infrastructure needs to be improved. Having reliable Internet, widespread use
of smartphones, and a good digital payment system are essential. Additionally, gathering
data from different transport providers and providing real-time updates will require
advanced data management systems and cooperation among various groups involved in
transportation [66].

3.2.2. Car Sharing

Car sharing offers a way to decrease the number of personal vehicles on the road,
which can help ease traffic congestion and cut down on emissions. Instead of owning a
car, users have the option to rent one whenever they need it. In Kinshasa, this service
could be especially useful in high-traffic areas and places where parking is scarce. For
car sharing to be effective, the city must develop a network of accessible parking spots
designated for shared vehicles. These spots should be strategically located near public
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transit hubs, residential areas, and commercial centers. Additionally, the city needs to invest
in user-friendly car-sharing platforms and ensure that vehicles are regularly maintained
and readily available.

3.2.3. Micro-Mobility

Micro-mobility, which includes solutions like electric scooters and bikes, offers a
flexible and eco-friendly mode of transportation for short-distance travel. This is especially
relevant in Kinshasa, where last-mile connectivity remains a significant challenge. To
integrate micro-mobility, Kinshasa will need to build dedicated bike lanes and scooter
paths to ensure the safety of riders. Additionally, docking stations for bikes and scooters
should be established at key locations such as public transit stations, business districts, and
residential neighborhoods. Effective regulation and maintenance systems will be crucial to
managing the micro-mobility fleet and preventing clutter and misuse.

3.2.4. Vehicle-as-a-Service

VaaS$ includes offerings such as ride-hailing and on-demand delivery, offering flexible,
efficient, and often more affordable options compared to owning a vehicle. In Kinshasa,
adopting VaaS could ease the strain on public transit and lessen the reliance on private
cars. For successful implementation, a dependable network of service providers, a solid
regulatory system, and a supportive digital infrastructure are essential. Prioritizing the
safety and dependability of these services is crucial, which involves enforcing rigorous
licensing standards, conducting regular vehicle inspections, and ensuring comprehensive
insurance for service providers.

3.2.5. Electric Vehicles

Introducing EVs into Kinshasa’s transportation network could greatly cut down on
pollution and decrease the city’s dependence on fossil fuels. Incorporating a range of
electric options—such as buses, cars, and scooters—will contribute to a more sustainable
and cleaner urban atmosphere. To facilitate this transition, Kinshasa should prioritize
the establishment of widespread charging infrastructure, including fast-charging stations
throughout the city. Moreover, offering incentives like tax breaks or subsidies for both
EV purchases and the development of necessary infrastructure will help motivate individ-
uals and businesses to make the switch. Additionally, creating supportive policies that
encourage the use of renewable energy for powering these vehicles will maximize their
environmental advantages.

3.2.6. Infrastructure Upgrades

The successful integration of previously presented smart mobility concepts requires
comprehensive infrastructure upgrades in Kinshasa. Key areas for improvement include
the following:

(a) Digital Infrastructure: enhancing Internet connectivity, expanding mobile network
coverage, and implementing secure digital payment systems.

(b) Transport Infrastructure: building and maintaining dedicated lanes for bikes and
scooters, creating parking spaces for car-sharing vehicles, and establishing EV charg-
ing stations.

(c) Data Management: developing integrated data platforms to manage real-time infor-
mation from various transport services, ensuring seamless operation of MaaS.

(d) Policy and Regulation: crafting supportive policies that promote innovation in
mobility services, ensure safety and reliability, and provide incentives for sustain-
able practices.
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4. Examination of Successful Smart Mobility Implementations in Other Cities

In the following text, different approaches to smart mobility solutions are presented.
Case studies are divided into two groups. The first group presents studies that were se-
lected based on their innovativeness regarding the specific smart mobility concept. For
each study, a summary of possible lessons to be learned is provided. The second group
presents studies from cities with populations exceeding 10 million inhabitants that are
comparable to Kinshasa in critical aspects such as population density, economic constraints,
and infrastructural challenges. These examples should help gain a comprehensive under-
standing of smart mobility solutions by highlighting how additional cities worldwide have
addressed specific challenges or their combination.

4.1. Studies on Successful Implementations of Specific Smart Mobility Concepts in Other Cities
4.1.1. Singapore’s and Helsinki’s Mobility-as-a-Service Ecosystems

Singapore stands as a global exemplar in redefining urban mobility through its inno-
vative Mobility-as-a-Service (MaaS) ecosystem [67]. This innovative platform combines
multiple transportation options, including public transit, ride-hailing, and bike-sharing,
to provide a smooth and efficient travel experience. Led by the Land Transport Authority
(LTA), Singapore’s partnership with private operators has enhanced transportation access
and established a new standard for sustainable and user-friendly urban mobility solutions.

The success of Singapore’s MaaS model lies in its robust regulatory framework, charac-
terized by clear guidelines and incentives that encourage private-sector participation while
safeguarding commuter interests. Comparative studies between Singapore and cities like
Kinshasa illuminate critical aspects such as regulatory agility, data-sharing protocols, and
user acceptance rates, providing invaluable insights for cities navigating similar mobility
challenges amidst rapid urbanization.

The regulatory framework in Singapore promotes fair competition among transporta-
tion providers while ensuring service quality and affordability for commuters [68]. Trans-
parent data-sharing agreements facilitate the seamless integration of mobility services,
enabling real-time route optimization, fare aggregation, and personalized travel recommen-
dations [69]. By examining these regulatory mechanisms, Kinshasa and other growing cities
can foster an ecosystem conducive to sustainable mobility innovation and equitable access
to transportation options. Moreover, user adoption rates and preferences play a pivotal role
in shaping MaaS effectiveness. Singapore’s emphasis on user-centric design, intuitive mo-
bile interfaces, and inclusive pricing models has garnered widespread acceptance among
commuters. Comparative analysis can delve into user behavior patterns, satisfaction levels,
and factors influencing mode choices, guiding cities in tailoring Maa$S offerings to diverse
urban populations with varying mobility needs [70]. The joint efforts of public agencies,
private operators, and technology providers highlight the crucial role of public-private
partnerships (PPP) in transforming urban mobility. By forming strategic alliances, these
partnerships drive investments in infrastructure, foster technological progress, and ensure
smooth integration of services. This collaborative approach sets the stage for developing
sustainable, efficient, and robust urban transportation systems [71].

Helsinki’s approach is based on the User-Centric Mobility Platform. This city stands as
a beacon of innovation in urban mobility, showcasing a steadfast commitment to Mobility-
as-a-Service (Maa$S) principles that have redefined how people navigate the city. At the
heart of this transformation is the Whim app, a groundbreaking platform that seamlessly
integrates various transportation modes including public transit, taxis, car rentals, and
bike-sharing services. This comprehensive approach has not only simplified the travel
experience for Helsinki residents but has also set a global benchmark for user-centric
mobility solutions [72].

A promising area for comparative research is user satisfaction. Helsinki’s Whim app,
known for its user-friendly interface, personalized travel planning, and dependable service,
serves as a prime example. By analyzing user feedback, preferences, and adoption statis-
tics, researchers can gain important insights into what drives high levels of satisfaction
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among users [73]. Insights gained from such analyses can guide cities like Kinshasa in
designing user-friendly mobility platforms tailored to the needs and preferences of their
diverse populations. Furthermore, Helsinki’s MaaS model offers an opportunity to delve
into pricing models and affordability considerations. The Whim app’s flexible payment
structures, subscription options, and bundled services have reshaped traditional notions of
transportation costs, offering users cost-effective and convenient travel alternatives. Com-
parative studies can evaluate the impact of pricing strategies on user behavior, mode shift
patterns, and overall transportation expenditure. Understanding the dynamics of pricing
models within the context of MaaS can inform policymakers in Kinshasa on designing
equitable and economically sustainable mobility solutions.

A critical aspect of Helsinki’s success lies in its strategic partnerships between public
and private entities, fostering collaboration toward a common goal of sustainable urban
mobility [74,75]. Evaluating the efficacy of these partnerships in terms of service reliability,
innovation diffusion, and regulatory compliance can provide actionable insights for cities
like Kinshasa. By nurturing robust public—private partnerships, cities can leverage expertise,
resources, and innovation to enhance transportation accessibility, reduce carbon footprints,
and improve overall urban livability.

Singapore’s MaaS ecosystem and Helsinki’s wholesome approach can serve as a
blueprint for urban mobility transformation globally, emphasizing the synergy between
regulatory innovation, data-driven insights, user-centric design, and collaborative gov-
ernance models. By leveraging lessons from presented experiences, cities like Kinshasa
can navigate the complexities of urban mobility, foster innovation ecosystems, and create
inclusive transportation networks that cater to the evolving needs of urban communities
while advancing sustainable development goals. Through comparative research encom-
passing user satisfaction, pricing dynamics, and collaborative governance models, cities
can unlock the full potential of smart mobility initiatives, fostering sustainable, inclusive,
and user-centric urban environments for generations to come.

4.1.2. Barcelona’s Superblocks

Barcelona’s forward-thinking urban planning strategy, epitomized by the concept of
“superblocks”, represents a paradigm shift in city design and transportation management.
Superblocks are designated areas within the city where cars are restricted, and pedestrian-
friendly zones are prioritized, creating vibrant public spaces and mitigating traffic con-
gestion. The Eixample district in Barcelona serves as a prime example of this innovative
approach, showcasing the transformative potential of reimagining urban spaces. At the
heart of Barcelona’s superblocks concept is the idea of reclaiming streets for people rather
than vehicles. By reducing vehicular traffic within these areas, Barcelona has successfully
revitalized public spaces, encouraging social interactions, outdoor activities, and commu-
nity engagement [72]. This approach not only enhances the quality of life for residents but
also attracts visitors, contributing to the economic vitality of these neighborhoods.

A comparative analysis of Barcelona’s superblocks can yield valuable insights for cities
like Kinshasa embarking on spatial planning and urban rejuvenation endeavors. Firstly, ex-
amining the impact on air quality reveals how reduced traffic emissions within superblocks
lead to cleaner air, contributing to public health improvements and environmental sustain-
ability goals. Lessons learned from Barcelona can enrich Kinshasa’s strategies for mitigating
air pollution and promoting eco-friendly urban development practices.

Moreover, assessing the effects on community well-being unveils the social benefits
of pedestrian-friendly environments. Barcelona’s superblocks foster a sense of belonging,
encourage active lifestyles, and create safer streets for pedestrians and cyclists. These
positive social outcomes highlight the importance of prioritizing human-centric design
principles in urban planning, an approach that Kinshasa can integrate into its neighborhood
revitalization projects to enhance livability and social cohesion. In terms of economic
efficiency, Barcelona’s superblocks demonstrate how investing in pedestrian infrastructure
and public spaces can stimulate local businesses, attract tourism, and enhance property
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values. The creation of vibrant, walkable districts fosters a conducive environment for
small businesses, cultural activities, and placemaking initiatives, contributing to sustainable
economic growth and urban vibrancy.

Lessons learned from Barcelona’s superblocks can serve as a beacon of innovation in
urban transformation, offering valuable lessons for cities worldwide, including Kinshasa.
By focusing on creating pedestrian-friendly spaces, cutting down on reliance on cars, and
encouraging community involvement, cities can build sustainable and livable neighbor-
hoods that enhance both people’s well-being and environmental care. Incorporating the
concept of superblocks into urban planning can help forge a more resilient, inclusive, and
dynamic future for Kinshasa and other cities.

4.1.3. Medellin’s, Curitiba’s, and Cape Town’s Integrated Transportation Systems

Medellin, Colombia, stands as a beacon of success in the realm of integrated trans-
portation systems, earning international acclaim for its innovative approach to mobility.
Central to this success is the city’s diverse and interconnected transportation infrastructure,
which includes a modern metro system, cable cars traversing steep hillsides, and a network
of efficient bus rapid transit (BRT) routes. These elements work synergistically to provide
residents with reliable, accessible, and sustainable transportation options.

Medellin’s strategic investments in its transportation infrastructure have brought about
substantial benefits for both the city and its residents [76]. Enhanced accessibility across
various neighborhoods has made travel more convenient, decreasing travel times and
improving overall mobility [77]. A key highlight is the modern metro system, which offers
a rapid and efficient transportation option, linking important city areas and alleviating
road congestion. Additionally, the integration of cable cars into the city’s transit network
showcases Medellin’s dedication to inclusivity and social equity. These cable cars provide
aerial connections to neighborhoods on steep hillsides, thereby improving access to crucial
services, education, and job opportunities for residents in formerly marginalized areas [78].
This emphasis on social inclusion not only boosts the quality of life but also strengthens
community bonds and a sense of belonging. Moreover, Medellin’s innovative bus rapid
transit (BRT) networks further enrich the city’s transportation landscape by delivering
flexible, high-capacity transit options that complement existing systems. The dedicated
bus lanes ensure efficient and reliable service, reducing reliance on private vehicles and
supporting a more sustainable urban environment.

Comparative studies examining Medellin’s integrated transportation systems can pro-
vide valuable insights for cities like Kinshasa. Key areas of analysis include the scalability
of Medellin’s approach to accommodate growing urban populations, the tangible impacts
on urban development such as reduced congestion and improved air quality, and lessons
learned in enhancing multimodal connectivity seamlessly. By studying Medellin’s success
story, Kinshasa can identify best practices, adapt strategies to its unique context, and chart
a sustainable path toward efficient and inclusive urban mobility for its residents.

Curitiba, Brazil, has earned global recognition for its visionary integrated planning
model, setting a benchmark for sustainable urban development worldwide [79]. At the
heart of Curitiba’s success lies a comprehensive strategy that prioritizes sustainable trans-
portation, green spaces, and social equity, creating a harmonious urban environment that
enhances the quality of life for its residents. Central to this model is Curitiba’s acclaimed
Bus Rapid Transit (BRT) system, which, when coupled with strategic land-use planning and
environmental initiatives, has revolutionized urban mobility and community well-being.

Curitiba’s approach to sustainable mobility is built around its groundbreaking Bus
Rapid Transit (BRT) system, which serves as the foundation of its efforts [80]. Unlike
traditional bus systems, Curitiba’s BRT features dedicated lanes, pre-paid boarding, and
efficient boarding processes, resembling a surface subway. This design minimizes conges-
tion, reduces travel times, and provides a cost-effective alternative to private car usage.
Comparative studies can delve into the BRT’s operational efficiency, ridership patterns,
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and user satisfaction, offering valuable insights for cities like Kinshasa seeking to reduce
car dependency and promote sustainable transit options.

Beyond transportation, Curitiba’s integrated planning extends to land-use policies
that prioritize mixed-use developments, pedestrian-friendly zones, and green spaces. By
strategically clustering residential, commercial, and recreational areas around transit hubs,
Curitiba encourages walkability, reduces sprawl, and fosters vibrant urban communi-
ties [81]. Comparative analysis can assess the spatial organization’s impact on urban sprawl,
community cohesion, and accessibility, informing Kinshasa’s urban planning strategies
to create livable neighborhoods and promote active transportation modes. Furthermore,
Curitiba’s environmental initiatives, such as extensive tree planting, green corridors, and
waste management programs, demonstrate a holistic approach to sustainability.

These urban initiatives serve a dual purpose: they not only enhance the visual appeal
of city landscapes but also significantly improve air quality, reduce heat island effects,
and foster urban biodiversity. By evaluating and comparing these initiatives, we can
gain a comprehensive understanding of their environmental impacts, strategies for public
engagement, and underlying policy frameworks. This detailed analysis offers valuable
insights that can guide Kinshasa in boosting its environmental sustainability and fostering
a healthier living environment for its residents.

The success of Curitiba’s integrated planning model underscores the importance of
holistic, collaborative approaches to urban development. By integrating transportation,
land-use planning, and environmental initiatives, Curitiba has not only improved mobil-
ity but also enhanced social equity and environmental resilience. Lessons learned from
Curitiba’s experience can guide Kinshasa and other cities in developing tailored, sustain-
able mobility strategies that prioritize people, planet, and prosperity, paving the way for
inclusive and resilient urban futures.

Another example of a successful smart mobility solution can be found in Cape Town.
Situated at Africa’s southernmost tip, Cape Town has emerged as a benchmark for sus-
tainable urban transport through its MyCiTi Bus Rapid Transit (BRT) system. Designed to
provide efficient and accessible public transit across the city, the MyCiTi BRT represents a
major step toward sustainable transportation [82]. In contrast to conventional bus services,
the BRT system works harmoniously with other transport options, including dedicated bike
lanes and pedestrian routes, promoting multimodal connectivity and lessening reliance on
private cars [83].

The MyCiTi BRT system’s success lies in its comprehensive approach to urban mobility,
addressing key challenges such as traffic congestion, air pollution, and accessibility barriers.
By prioritizing dedicated lanes for buses, the system ensures faster and more reliable com-
mute times for passengers, encouraging greater uptake of public transit [84]. Additionally,
integrating cycling lanes and pedestrian pathways fosters active transportation modes,
enhancing the overall health and sustainability of urban areas. A comparative study of
Cape Town’s MyCiTi BRT system reveals important insights into its socio-economic effects
and its alignment with wider urban development plans. Exploring the system’s impact
could include analyzing its ability to reduce carbon emissions, improve air quality, and
boost public health by promoting increased physical activity among users. [85]. Addi-
tionally, analyzing how the system improves access to job centers, educational facilities,
and recreational spaces provides a better understanding of its impact on socio-economic
equity. Lessons from Cape Town’s MyCiTi BRT system can be particularly instructive
for enhancing mobility in Kinshasa’s urban landscape. As Kinshasa grapples with rapid
urbanization, traffic congestion, and limited public transit options, adopting elements of
Cape Town’s BRT model can offer transformative solutions. Integrating dedicated bus
lanes, cycling infrastructure, and pedestrian-friendly pathways can improve mobility op-
tions for Kinshasa residents while reducing environmental impacts and fostering inclusive
urban development.
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The success of Cape Town’s MyCiTi BRT system underscores the importance of proac-
tive urban planning, stakeholder collaboration, and sustainable transport policies in shap-
ing modern cities. By learning from global examples like Cape Town, Kinshasa can chart a
path toward a more sustainable, equitable, and livable urban future, where efficient public
transportation systems play a central role in enhancing quality of life for all residents.

4.2. Comparative Studies of Similar Initiatives in Other Cities

As urban populations swell, cities are under increasing pressure to develop efficient,
sustainable public transportation systems [86]. The integration of advanced technologies
and data analytics within smart mobility presents promising solutions to these challenges.
This examination explores successful smart mobility implementations in seven cities with
populations exceeding 10 million, comparable to Kinshasa in critical aspects such as popu-
lation density, economic constraints, and infrastructural challenges.

4.2.1. Sao Paulo, Brazil

Sao Paulo, a city renowned for its massive size, has addressed its notorious traffic
jams with a range of innovative mobility strategies. By utilizing an elaborate system of
real-time traffic monitoring, the city leverages data from thousands of sensors to assess
traffic patterns and modify signal timings as needed. The adaptive traffic signal control
system adjusts light patterns based on current conditions, effectively minimizing delays and
enhancing traffic efficiency [87]. Additionally, Sdo Paulo has expanded its Bus Rapid Transit
(BRT) system, which now spans over 100 km. The BRT system incorporates dedicated
lanes to avoid congestion, smart ticketing solutions for quicker boarding, and real-time
tracking to inform passengers of bus arrivals, thereby enhancing efficiency and reducing
travel times.

4.2.2. Mumbai, India

Mumbai’s approach to smart mobility focuses on integrating various modes of trans-
port through a unified digital platform. The Mumbai Metro and suburban railway systems
now offer seamless connectivity facilitated by smart cards and mobile ticketing apps,
allowing passengers to switch between different transit modes effortlessly. The city’s
implementation of an Integrated Transport Management System (ITMS) has improved
coordination and efficiency across various transit services. ITMS offers up-to-the-minute
information on vehicle locations, which helps improve route planning and minimize de-
lays [88]. Furthermore, Mumbai has integrated electric buses into its public transport
network, resulting in reduced emissions and a cleaner urban atmosphere.

4.2.3. Lagos, Nigeria

Lagos has tackled its transportation issues by combining advanced and traditional
methods. The Lagos Bus Services Ltd. (LBSL) has rolled out a new bus fleet that features
GPS for live tracking and contactless payment systems, enhancing the efficiency and
convenience of the transit network. Furthermore, the city has launched a trial program
for ride-hailing services, carefully regulated to balance safety, cost, and compatibility
with public transport. Lagos is also investigating data analytics to fine-tune bus routes
and schedules according to passenger demand, striving to deliver more dependable and
frequent service [89].

4.2 4. Jakarta, Indonesia

Jakarta’s TransJakarta BRT system stands as a model of smart mobility. The city utilizes
electronic ticketing and bus priority systems to enhance service reliability. Buses in the
Trans]Jakarta system are equipped with GPS and are monitored in real-time, ensuring
punctuality and efficient operation [90]. Jakarta has introduced a smart parking system
equipped with sensors to track parking space availability. This innovation aims to cut
down on the time drivers spend looking for parking spots, thereby easing traffic congestion.
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Additionally, the city is broadening its bike-sharing program by linking it with public
transit stations, fostering a more integrated and multimodal transportation network.

4.2.5. Manila, Philippines

Manila has embraced smart mobility through its EDSA Busway project, which in-
troduced dedicated lanes for buses along the busy EDSA corridor, significantly reducing
travel time and improving punctuality [91]. The project is backed by a real-time passenger
information system that keeps passengers updated on bus schedules through digital dis-
plays at stops and a mobile app. This system aids in managing passenger flow, minimizing
overcrowding, and improving the travel experience. Additionally, Manila is testing electric
buses and working on a comprehensive network of charging stations to facilitate their use.

4.2.6. Cairo, Egypt

Cairo’s smart mobility efforts are exemplified by the Cairo Metro’s adoption of auto-
mated fare collection and the development of a comprehensive mobile app for trip planning.
The app provides live updates on train schedules and routes, enhancing the convenience
and accessibility of public transportation. Additionally, the city is expanding its metro
network to link more neighborhoods and lessen the dependence on personal vehicles. Cairo
is also introducing advanced traffic management systems powered by artificial intelligence
(AI) to improve traffic flow and ease congestion [92].

4.2.7. Dhaka, Bangladesh

Dhaka has focused on integrating technology with its public bus system to improve
efficiency. The city’s Bus Network Improvement Project includes the use of GPS tracking
and automated fare collection, streamlining operations and enhancing service reliability.
Additionally, Dhaka has started implementing dedicated bus lanes to expedite transit
services amid heavy traffic [93]. The city is also developing an Integrated Transport System
(ITS) that aims to coordinate various modes of transport, including buses, rickshaws, and
ferries, through a single digital platform, providing real-time information and facilitating
seamless transfers.

Each of these cities has faced challenges similar to those in Kinshasa, such as high
population density, limited resources, and infrastructural constraints. Their successful
implementation of smart mobility solutions—ranging from real-time data analytics to
integrated ticketing systems—offers valuable insights. Kinshasa can draw lessons from
these examples to develop its own smart mobility strategies, aiming to create a more
efficient, sustainable, and user-friendly public transportation system. By concentrating
on scalable and adaptable solutions, Kinshasa has the opportunity to use technology to
tackle its specific transportation issues. Introducing smart mobility projects could enhance
residents” quality of life, lower environmental impacts, and set an example for other rapidly
growing megacities. Embracing these innovations will be vital for Kinshasa’s future growth
and evolution, helping it stay a lively and progressive urban hub.

4.3. Identification of Key Success Factors for Smart Mobility

The following text is dedicated to the overview of key success factors for smart
mobility that were identified in case studies worldwide. It can provide valuable insights
for Kinshasa and other cities that are starting their smart mobility journey. For each factor
possible lessons to learn are indicated.

4.3.1. Leadership and Vision in Smart Mobility

Smart mobility initiatives thrive under the guidance of strong leadership and a clear
vision, as demonstrated by Bogotad’s transformation under Mayor Enrique Pefialosa’s
tenure. His forward-thinking strategy emphasized the importance of sustainable and fair
transportation options, concentrating on minimizing dependence on private cars while
boosting non-motorized transport methods. By prioritizing the creation of infrastructure
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for cycling and walking, the city enhanced safety and accessibility for those who com-
mute without motor vehicles, which in turn eased traffic congestion and cut down on
environmental pollution.

Lessons for Kinshasa:

(a) Setting clear objectives: Kinshasa can benefit from defining clear objectives for its
smart mobility initiatives, aligning them with principles of sustainability, equity, and
community well-being. A clear vision offers a roadmap for making decisions and
guarantees that efforts are focused on achieving concrete results.

(b) Stakeholder engagement: Engaging diverse stakeholders, including government agen-
cies, urban planners, community groups, and transportation experts, is crucial for
building consensus and support for smart mobility initiatives. By fostering collab-
oration and inclusivity, Kinshasa can ensure that its mobility strategies address the
diverse needs of its population.

(¢) Incremental implementation: Bogota’s success was achieved through incremental
and phased implementation of infrastructure projects, allowing for flexibility and
adaptation to changing circumstances. Kinshasa can adopt a similar approach by
starting with pilot projects or smaller-scale interventions to test the feasibility and
effectiveness of smart mobility solutions before scaling up implementation.

(d) Data-informed decision-making: Leveraging data and technology for informed decision-
making is essential in optimizing transportation planning and infrastructure invest-
ments. Kinshasa could leverage data analytics to understand traffic patterns, com-
muter habits, and infrastructure utilization, which would allow for more informed
decision-making and better resource distribution.

By embracing the lessons from Bogota’s leadership and vision in smart mobility, Kin-
shasa can pave the way for a more efficient, equitable, and sustainable urban transportation
system. With proactive leadership, stakeholder engagement, incremental implementation,
and data-driven decision-making, Kinshasa can chart a path toward a future where mobility
is accessible to all, contributing to the city’s overall prosperity and livability.

4.3.2. Public Engagement and Co-Creation

A hallmark of successful smart mobility initiatives is robust public engagement and
co-creation processes, wherein cities actively involve residents in designing and shaping
transportation solutions. Vienna’s approach stands out as a prime example, where citizen
engagement played a pivotal role in developing smart mobility solutions that truly reflect
the community’s needs and preferences. In Vienna, residents had the opportunity to engage
in decision-making, offering crucial insights and feedback on different elements of smart
mobility planning [94]. Through town hall meetings, workshops, surveys, and digital
platforms, residents were given a platform to voice their concerns, aspirations, and ideas
for improving urban mobility. This inclusive approach ensured that the final solutions
were not only technically sound but also aligned with the values and expectations of
the community.

Lesson for Kinshasa:

(a) Embrace community input: Kinshasa has an opportunity to draw lessons from Vi-
enna’s approach by involving its community in the development and execution of
smart mobility initiatives. By soliciting input from various stakeholders, including reg-
ular commuters, local enterprises, and advocacy groups, Kinshasa can gain a clearer
insight into the particular mobility challenges and requirements of its population.

(b) Utilize participatory platforms: Kinshasa can leverage digital platforms and social
media channels to facilitate broader public participation in smart mobility initiatives.
By creating easy ways for residents to give feedback and work together, the city can
make sure that everyone, including marginalized groups, has their voices heard and
taken into account in the decision-making process.

(c) Co-create solutions: By involving residents in the co-creation of smart mobility so-
lutions, Kinshasa can ensure that the final outcomes are user-centric and culturally
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relevant. Collaborative design workshops, pilot projects, and community-led initia-
tives can foster a sense of ownership and empowerment among residents, driving
greater acceptance and adoption of smart mobility measures.

(d) Build trust and transparency: Transparency and trust-building are essential pillars of
successful public engagement. Kinshasa can prioritize open communication, account-
ability, and responsiveness to community feedback to build trust and confidence in its
smart mobility initiatives.

By focusing on involving the public and fostering co-creation in the planning of smart
mobility, Kinshasa can tap into the collective insight and creativity of its residents. This
approach will enable the city to develop transportation solutions that are not only cutting-
edge in technology but also socially inclusive, fair, and attuned to the varied needs of its
urban community.

4.3.3. Adaptive Regulation in Smart Mobility

Adaptive regulation plays an important role in all successful smart mobility initiatives,
as evidenced by transformative measures such as London’s congestion charge and Paris’s
implementation of car-free days. These regulatory interventions showcase the ability
of cities to proactively manage urban mobility challenges while fostering sustainable
transportation practices.

Introduced in 2003, London’s groundbreaking congestion charge has become a world-
wide model for effectively managing traffic congestion and encouraging the use of al-
ternative transportation methods. The charge levied on vehicles entering the city center
during peak hours incentivizes commuters to explore public transit, cycling, or carpool-
ing options [95]. Kinshasa can draw insights from London’s experience to devise similar
congestion pricing schemes tailored to its own traffic patterns and congestion hotspots. By
strategically implementing congestion charges, Kinshasa can reduce traffic congestion, im-
prove air quality, and generate revenue for sustainable mobility infrastructure investments.

Paris’s initiative of car-free days in certain parts of the city illustrates the transformative
potential of temporary regulatory measures in promoting sustainable urban mobility. By
temporarily restricting vehicle access, cities can encourage active transportation, public
transit usage, and community engagement in reimagining urban spaces [96]. Kinshasa
can leverage this approach by periodically organizing car-free days in key districts or
promoting car-free zones during weekends to promote walking, cycling, and public transit
usage. Such initiatives not only reduce traffic congestion and emissions but also enhance
the livability and vibrancy of urban areas.

By learning from global examples of adaptive regulation in smart mobility (see Table 2),
Kinshasa can develop a holistic approach that combines regulatory innovation, infrastruc-
ture investments, and community engagement to create a more connected, efficient, and
sustainable urban environment for its residents.

Table 2. Insights gained from adaptive regulation in the field of smart mobility.

Lesson

Description

Customized regulatory approaches

Public engagement and awareness

Infrastructure investments

Data-driven decision making

Tailor regulations like congestion pricing to address traffic bottlenecks and promote
sustainable transportation.

Initiatives like car-free days for fostering public awareness and participation in
alternative transportation.

Prioritize investments in public transit, cycling lanes, and pedestrian-friendly infrastructure.
Use data analytics to monitor regulatory effectiveness and optimize traffic

management strategies.
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4.3.4. Equity and Inclusivity in Smart Mobility

The cornerstone of successful smart mobility initiatives lies in their ability to ensure
equitable access and inclusivity for all members of society. Cities such as Curitiba in Brazil
and Medellin in Colombia have demonstrated a remarkable commitment to prioritizing
equitable mobility solutions.

Curitiba’s renowned Bus Rapid Transit (BRT) system, coupled with integrated feeder
bus networks and pedestrian-friendly infrastructure, exemplifies a holistic approach to
mobility planning. It is based on implementing integrated transit networks that consist
of developing a well-connected public transit system that seamlessly integrates buses,
BRT lines, and feeder services to cater to diverse communities across Kinshasa. Another
important aspect is the prioritization of last-mile connectivity: the city is focusing on
enhancing last-mile connectivity through feeder services, bike-sharing programs, and
pedestrian pathways to ensure accessibility for residents from all neighborhoods.

Medellin’s commitment to inclusive urban development extends to its transportation
systems, with a focus on reducing mobility barriers and promoting accessibility for all. The
city is emphasizing multi-modal integration by integrating various modes of transportation
such as metro, cable cars, buses, and cycling infrastructure to provide a comprehensive
and accessible mobility network. It also addresses socio-economic disparities by identify-
ing areas with limited mobility options and strategically allocating resources to improve
accessibility, particularly in underserved communities.

By embracing inclusive and equitable smart mobility strategies inspired by Curitiba
and Medellin, Kinshasa can create a more accessible, connected, and livable urban envi-
ronment where transportation barriers are minimized, and mobility options are optimized
for everyone, irrespective of income or location. These lessons (see Table 3) underscore the
importance of integrating equity considerations into infrastructure planning and fostering
community engagement to build a resilient and inclusive urban mobility ecosystem.

Table 3. Insights gained regarding equity and inclusivity in the realm of smart mobility.

Lesson

Description

Design Transit-Oriented Developments (TOD)

Prioritize Universal Design

Engage Communities in Planning

Design plans centered on transit hubs to encourage mixed-use development,
affordable housing, and convenient public transportation access.

Incorporate universal design in infrastructure to accommodate diverse mobility
needs, including elderly and disabled individuals.

Involve local communities, advocacy groups, and stakeholders in planning to
ensure projects meet residents” mobility needs and aspirations.

4.3.5. Achieving the Optimal Balance Between Data Privacy and Security in Smart Mobility

In smart mobility projects, safeguarding data privacy and security is crucial, as seen
in cities like Toronto and Amsterdam. Toronto, for instance, emphasizes the importance
of clear governance structures and robust data protection strategies to maintain privacy
and security in its smart mobility efforts. Amsterdam, on the other hand, emphasizes a
“privacy-by-design” approach integrated into smart mobility systems and infrastructure
to safeguard privacy and security. A crucial role in protecting data in smart mobility
plays infrastructure, together with transparency that is vital for establishing and upholding
citizen trust in smart mobility initiatives. Kinshasa can learn from these cities in maintaining
trust among citizens while utilizing data for innovative mobility solutions.

Kinshasa can foster trust among its citizens and unlock the transformative benefits of
smart mobility for sustainable urban development by implementing a proactive strategy
for data privacy and security (see Table 4). This involves utilizing transparent governance
models, integrating privacy-by-design principles, and making significant investments in
robust infrastructure.
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Table 4. Lessons learned in the area of data privacy and security in smart mobility.

Lesson

Description

Establishing Clear Data Governance Policies

Engaging Stakeholders

Conducting Privacy Impact Assessments (PIAs)

Secure Data Storage Facilities

Encrypted Communication Networks

Transparent Data Practices

Engagement and Education

Develop clear policies for data collection, storage, sharing, and anonymization
in smart mobility projects.

Involve citizens, advocacy groups, and experts in shaping data governance to
foster transparency and trust.

Conduct periodic Privacy Impact Assessments (PIAs) to detect and address
potential privacy concerns in smart mobility initiatives.

Invest in secure data storage with robust cybersecurity measures to protect
sensitive mobility data.

Implement encrypted communication for data transmission between devices,
sensors, and control systems.

Communicate openly about data collection purposes, usage policies, and
privacy safeguards to citizens.

Conduct public awareness campaigns and workshops on data privacy,
cybersecurity, and smart mobility benefits.

4.3.6. Fostering Cooperation for Smart Mobility Success

Collaboration among diverse stakeholders is a cornerstone of successful smart mobility

initiatives, driving innovation, and ensuring holistic solutions. Cities around the globe
have demonstrated effective collaboration models that Kinshasa could learn from. Here are
the essential factors for successful partnerships in smart mobility projects:

(a)

(b)

(©

Government Leadership and Coordination—Example from Singapore: The Land
Transport Authority (LTA) collaborates with private operators and technology com-
panies to integrate various transportation modes seamlessly. Kinshasa can establish
dedicated agencies or task forces to coordinate smart mobility efforts across govern-
ment departments, fostering a cohesive approach to urban mobility planning.
Private Sector Engagement and Innovation—Example from Barcelona: Private compa-
nies play a crucial role in Barcelona’s superblocks initiative, contributing innovative
solutions for urban mobility challenges. Kinshasa can incentivize private sector
participation through public—private partnerships (PPPs) and innovation grants, en-
couraging the development of smart transportation solutions tailored to local needs.
Community Participation and Stakeholder Engagement—Example from Helsinki:
Helsinki engaged citizens in co-creating smart mobility solutions through platforms
like the Whim app, enhancing user experience and acceptance. Kinshasa can organize
public consultations, focus groups, and participatory workshops to gather insights
from residents, ensuring that mobility solutions align with community priorities
and preferences.

By making collaboration a core element of its smart mobility plan, Kinshasa has the

opportunity to tap into the skills, resources, and innovative ideas of various stakeholders.
This collaborative approach (see Table 5) can lead to the development of sustainable,
inclusive, and efficient transportation solutions tailored for its expanding urban population.
By forging strategic partnerships, investing in cutting-edge infrastructure, and actively
involving the community, Kinshasa can create a more connected and livable city.



Sustainability 2024, 16, 9371

27 of 53

Table 5. Lessons learned in the area of fostering cooperation for smart mobility.

Lesson

Description

Integrated Transport Systems

Develop systems connecting various transit modes for seamless mobility.
Collaborate with transport operators, city planners, and technology providers to
optimize routes and enhance accessibility.

Invest in smart traffic management, real-time data analytics, and digital signage to

Smart Infrastructure Investments improve traffic flow and safety. Collaborate with technology companies and

Interdisciplinary Partnerships

Capacity Building and Knowledge Sharing

research institutions on innovative solutions.

Promote collaboration between urban planners, engineers, data scientists, and social
scientists to develop well-rounded mobility solutions.

Organize workshops and training to build capacities and share best practices and
trends in smart mobility.

4.3.7. Enhancing Interoperability in Smart Mobility Through Effective Data Governance

In the field of smart mobility, cities that succeed recognize the importance of data
governance for smooth operations and innovation. Efficient data management, especially
in terms of interoperability, is essential for maximizing the advantages of smart mobility
projects [97]. Drawing insights from international experiences and tackling data governance
obstacles can greatly improve Kinshasa’s smart mobility progress.

One side of this process consists of understanding the interoperability. Interoperability
refers to the ability of different systems, devices, or applications to connect, communicate,
and exchange data seamlessly. Cities like Singapore, Amsterdam, and Toronto have demon-
strated excellence in establishing interoperable data ecosystems in their smart mobility
initiatives. The second side involves the identification of best practices in data governance.
Cities that effectively address data governance challenges are usually leaders in the field of
smart mobility. Kinshasa can learn from successful data governance strategies implemented
in cities like Helsinki, London, and Barcelona.

The successful introduction of the smart mobility concept comprises also infrastructure
implications. Effective data governance is intertwined with infrastructure readiness and
technological capabilities.

By prioritizing effective data governance practices (see Table 6), Kinshasa can optimize
smart mobility initiatives, improving transportation efficiency, enhancing urban planning
strategies, and ultimately creating a more connected and livable city for its residents. Col-
laboration, well-defined policies, data security, and substantial infrastructure investments
are essential elements that can drive Kinshasa toward success in smart mobility.

Table 6. Lessons learned in the area of data governance in smart mobility.

Lesson

Description

Adopting Open Data Standards

Promoting Data Collaboration

Implement open data standards for integration and sharing of data from
transportation networks, IoT devices, and urban sensors.

Encourage data sharing among government, private sector, and academic institutions,
ensuring privacy and security.

Develop robust data governance frameworks with well-defined policies for data

Creating Transparent Data Guidelines collection, storage, sharing, and usage, ensuring compliance with international

Emphasizing Data Security and Privacy

Building Data Infrastructure

Deploying IoT and Sensor Networks

standards like GDPR.

Implement robust data security measures, encryption protocols, and anonymization
techniques to protect sensitive information and build citizens’ trust.

Invest in data centers, cloud computing infrastructure, and edge computing
technologies to manage and analyze vast amounts of mobility data in real time.
Implement IoT devices and sensor networks across transportation infrastructure to
capture real-time data on traffic flows, vehicle movements, and passenger behaviors.
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4.3.8. Behavioral Change in Smart Mobility

Promoting the shift of commuters from private cars to shared and sustainable trans-
portation modes is essential for smart mobility initiatives. Behavioral change campaigns,
guided by behavioral economics principles, are key in facilitating this transition [98]. An-
alyzing effective strategies and obstacles in behavioral change from international case
studies can provide valuable insights for Kinshasa’s smart mobility efforts.

As a first step, it is necessary to understand behavioral economics insights of local
communities. Behavioral economics studies about human behavior in decision-making
processes offer insights into why individuals make certain transportation choices. For this
purpose, Kinshasa can use the following;:

e Research and Analysis: conducting behavioral studies and surveys to understand
commuting preferences, motivations, and barriers among residents.

e Nudging Techniques: applying behavioral “nudges,” such as incentives for carpool-
ing, rewards for using public transit, or gamification elements in mobility apps to
encourage sustainable choices.

The next step should consist of learning from global success stories. Cities world-
wide have implemented effective behavioral change strategies in smart mobility contexts.
Kinshasa can draw inspiration from these experiences:

e  Stockholm’s Congestion Pricing: by implementing congestion pricing, Stockholm
successfully nudged commuters toward alternative modes of transportation, reducing
traffic congestion and emissions.

e Paris’s Vélib” Bike-Sharing System: Paris’s Vélib” program promoted cycling as a
sustainable mode of transit through convenient and affordable bike-sharing services,
influencing commuter behavior positively.

e New York City’s Transit Marketing Campaigns: NYC'’s targeted marketing campaigns
for public transit usage leveraged behavioral insights, showcasing the benefits of
shared mobility options and encouraging transit ridership.

By effectively applying this process, transportation infrastructure can become a key
driver of behavioral change. The design and functionality of infrastructure significantly
impact commuter habits and preferences. Additionally, community involvement and
education are vital. Through educational outreach, programs, and interactive workshops,
communities can be better informed and encouraged to support and adopt sustainable
transportation options.

By adopting a multifaceted approach that combines insights from behavioral eco-
nomics (see Table 7), global success stories, infrastructure development, and community
engagement, Kinshasa can effectively promote behavioral change toward sustainable and
shared mobility practices. These initiatives help alleviate congestion and decrease pollution
while also fostering a more livable, equitable, and resilient urban environment for everyone.

Table 7. Lessons learned in the area of behavioral change in smart mobility.

Lesson

Description

Prioritizing Public Transit Accessibility
Promoting Active Transportation

Integrating Technology Solutions

Awareness Campaigns

Education Initiatives

Invest in efficient public transit systems, including BRT routes, reliable schedules,
and user-friendly payment systems.

Develop cycling lanes, pedestrian pathways, and safe infrastructure for micro-mobility
options like e-scooters and shared bikes.

Implement smart mobility apps, real-time transit information, and seamless
intermodal connectivity for enhanced user experience.

Launch campaigns to highlight the benefits of using shared and sustainable
transportation modes.

Partner with schools, businesses, and communities to educate about transportation
options and the importance of emission reductions and behavioral change.
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4.3.9. Infrastructure Investment as the Backbone of Smart Mobility

Ensuring the success of smart mobility projects hinges on establishing a robust in-
frastructure. Municipalities worldwide recognize the significant role that infrastructure
investment plays in fostering efficient transport systems, enhancing sustainability, and
elevating the quality of life [99]. As Kinshasa begins its smart mobility initiative, it can draw
valuable lessons from international instances of innovative infrastructure development and
investment. Examples of key infrastructure elements are as follows:

o Inner-city Highways: Well-designed inner-city highways are crucial to urban mobility,
ensuring the efficient movement of vehicles and alleviating traffic congestion. Kinshasa
can learn from cities that have implemented well-designed inner-city highways, opti-
mizing traffic management and improving overall accessibility within urban centers.

e Charging Stations: As the number of EVs increases, establishing a comprehensive
network of charging stations becomes essential to facilitate their broader acceptance.
Kinshasa can learn from other cities that have effectively implemented charging
infrastructure, thereby encouraging the use of EVs and cutting down on transportation-
related carbon emissions.

e Bike Lanes: Investing in dedicated bike lanes promotes active transportation and
reduces reliance on motor vehicles, thereby mitigating congestion and enhancing
air quality. Kinshasa can prioritize the development of bike-friendly infrastruc-
ture, encouraging cycling as a viable mode of urban mobility and improving public
health outcomes.

e  Transit Hubs: Transit hubs serve as vital nodes within urban transport systems, fa-
cilitating seamless transfers between different transportation modes. Kinshasa can
learn from other cities that have emphasized the development of well-integrated
transit hubs, thereby enhancing connectivity, simplifying travel for commuters, and
promoting the use of public transportation.

e  Underground Metros and Inner-city Railways: Subterranean metro systems and inner-
city railways offer rapid, efficient, and sustainable mass transit options, reducing
congestion and greenhouse gas emissions. Kinshasa can explore the feasibility of
underground transit networks, leveraging their capacity to move large volumes of
passengers swiftly across the city.

By investing in a diverse array of infrastructure elements such as inner-city highways,
charging stations, bike lanes, transit hubs, and underground metros, Kinshasa can lay
the groundwork for a successful smart mobility transformation. Investing strategically in
infrastructure not only boosts transportation efficiency but also enhances environmental
sustainability, social equity, and economic prosperity. By adopting global best practices
in infrastructure development, Kinshasa can develop a resilient and innovative urban
transport system that adapts to the evolving needs of its residents and supports inclusive
growth and development.

5. Methodology for Integrating Artificial Intelligence (AI) and Large Language Models
(LLMs) into Smart Mobility Solutions for Kinshasa

A Comprehensive Summary of Section 5:

Section 5 presents the quintessence of a comprehensive research framework for in-
tegrating Al and LLMs into smart mobility solutions for Kinshasa. The objective is to
improve the city’s multi-modal public transportation system by employing Al-driven tools,
simulations, and data analysis methods. The approach emphasizes a sequential process to
enable informed decision-making for transportation management, infrastructure improve-
ment, and policy interventions. For a non-expert, briefly explained, an LLM is an advanced
type of artificial intelligence that can understand, generate, and interpret human language.
It has been trained on vast amounts of text data from books, articles, and websites, which
allows it to answer questions, create written content, and carry on conversations much like
a person. LLMs are powerful tools used for tasks like translation, summarizing text, and
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even helping solve complex problems by processing large sets of information. Essentially,
they help computers better understand and communicate using natural human language.

This overall complex methodological approach consists of five core steps, which

are described in more detail in the remaining parts of Section 5. Here, we provide a
comprehensive summary of the QUINTESSENCE all the main steps of the complex
methodological approach, which is described further in Section 5:

Step 1: Understanding the Current System and Transport Dynamics while involv-
ing LLMs

Step 1 focuses on gaining a thorough understanding of the current transportation
system in Kinshasa. This involves a detailed examination of various aspects such as
the quality of infrastructure, traffic flow, existing transit routes, and public transporta-
tion services. To achieve this, data are collected using a range of methods, including
sensors and IoT devices that provide real-time information about vehicle numbers,
speeds, and congestion points. Satellite images and geographic data are also used to
assess road conditions and detect traffic bottlenecks. Additionally, public feedback is
gathered through surveys and questionnaires to understand how residents experience
the transportation system.

LLM:s are then employed to process the collected data. These models are particularly
useful for analyzing vast datasets, helping to uncover patterns in congestion and
identify recurring problem areas. LLMs also play a crucial role in interpreting urban
planning documents and public feedback, making it easier to identify key insights
and opportunities for improvement. The goal of this step is to build a comprehensive
understanding of the transportation system, allowing for the identification of critical
areas in need of attention and setting the foundation for future improvements.

Step 2: Stakeholder Engagement Analysis while involving LLMs

Step 2 involves engaging all the relevant stakeholders to ensure that the goals of
the project align with the needs and expectations of the community. Stakeholders
include government authorities involved in urban planning, transport experts, and
local communities who are directly affected by traffic congestion. LLMs are used to
summarize stakeholder input effectively, providing decision-makers with the most
relevant information. These models also help in building consensus by analyzing
feedback and highlighting common areas of agreement or disagreement. This process
facilitates focused discussions, ensuring that the priorities of different stakeholders are
understood. The aim of this step is to establish clear and realistic goals that address the
needs of all parties involved, fostering a more inclusive and collaborative approach to
tackling traffic congestion.

Step 3: Identifying Upgrade Opportunities, with the support of LLMs

Step 3 is about identifying opportunities for improvement and mapping out potential
solutions to address the challenges in Kinshasa’s transportation system. To do this,
different scenarios are tested using advanced traffic simulation tools like VISSIM and
SUMO, to name a few, which predict how traffic will flow under various conditions.
These simulations help identify the most effective ways to reduce congestion, improve
road safety, and optimize public transit routes.

LLMs assist by analyzing the data collected from these simulations and extracting
valuable insights. They can look at historical congestion patterns and predict where
future bottlenecks might occur. By comparing different datasets, LLMs can categorize
congestion events based on their causes, such as poor road conditions or increasing
population density.

In addition to understanding the current problems, this step focuses on identifying ar-
eas with the greatest potential for improvement. These areas could include upgrading
road infrastructure, optimizing transit routes, or expanding services to underserved
regions. By mapping these opportunities, the team can prioritize actions that will
have the most significant impact on improving the overall efficiency and effectiveness
of Kinshasa’s transportation system.
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Step 4: Introducing Smart Mobility Solutions, with the support of LLMs

Step 4 introduces the implementation of smart mobility solutions as a key strategy
for addressing the challenges identified earlier in the process. The focus here is on
integrating advanced technologies that improve the efficiency, sustainability, and
convenience of the transportation system. One major initiative is the development
of Mobility-as-a-Service (MaaS) platforms, which combine various public transport
services into a single, easy-to-use system. This integration makes it simpler for resi-
dents to access different types of transportation, ultimately encouraging the use of
public transit.

Another important aspect is the promotion of electric vehicles (EVs) and smart traf-
fic management systems. Encouraging the use of electric buses and taxis can help
reduce both congestion and environmental pollution. To support this transition, in-
frastructure investments such as charging stations for EVs are identified as crucial.
Additionally, smart traffic signals that can adjust based on real-time traffic conditions
are proposed to optimize the flow of vehicles through busy intersections.

LLMs assist in analyzing public sentiment and feedback, collected from sources such
as social media and community surveys, to gauge the public’s perception of these
smart mobility solutions. This ensures that any concerns or potential challenges are
identified and addressed early in the process. By focusing on these advanced mobility
solutions, the transportation system becomes more efficient and adaptable, meeting
the evolving needs of Kinshasa’s residents while supporting a more sustainable ur-
ban environment.

Once the solutions have been defined, they are implemented in selected areas to
assess how well they work in real-world conditions. This involves testing new routes,
optimizing bus schedules, and improving traffic signal coordination in areas where
traffic congestion is most severe. Data gathered during these pilot projects help to
evaluate the effectiveness of the solutions in reducing congestion, improving travel
times, and increasing overall service reliability.

Predictive models, powered by LLMs, are used to simulate potential outcomes of
these pilot tests. These models forecast the longer-term effects of the interventions
on traffic flow, fuel efficiency, and public satisfaction. As the pilot tests proceed, the
dynamic nature of LLMs allows adjustments to be made based on real-time data,
ensuring the solutions remain flexible and adaptable to any challenges that arise.

By testing and refining the proposed measures during the pilot phase, this step
provides valuable insights into how the solutions can be scaled across the entire
city, ensuring that they are both practical and beneficial for Kinshasa’s transporta-
tion system.

Step 5: Community Involvement and Education, with the support of LLMs

LLMs do significantly support the “Community Involvement and Education” step
by facilitating the engagement and communication between decision-makers and
communities. LLMs can help simplify complex information about transport improve-
ments and urban planning, making it easier for residents to understand proposed
changes. Through natural language processing, LLMs can generate clear explana-
tions, answer residents’ questions, and provide insights during scenario planning
workshops. These models can also assist in creating personalized educational content,
tailoring it to different community groups’ needs and preferences.

Moreover, LLMs can be integrated into interactive simulation platforms and vir-
tual reality (VR) environments, where they can guide users through the proposed
public transport improvements, station designs, and user journeys. By providing
real-time feedback based on user interactions, LLMs can help participants explore
different scenarios, understand trade-offs, and prioritize investments according to
their preferences.

Additionally, in scenario planning workshops, LLMs can analyze community feed-
back, suggest alternative upgrade scenarios, and predict the outcomes of different
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decisions. They can also support tools like UrbanSim by interpreting the results of
simulations, offering recommendations based on data, and assisting participants in
evaluating the pros and cons of various options.
In summary, LLMs do play a crucial role in improving community involvement by
simplifying information, enhancing simulation experiences, and actively participating
in discussions and scenario planning. This can lead to more informed and inclusive
decision-making processes.

. Step 6: Pilot Programs, Evaluation, and Continuous Improvement
LLMs are very useful for supporting Step 6 in the smart mobility project by summariz-
ing pilot program results and generating insights from the data collected during the
pilot phase. They do help analyze and interpret large amounts of information from
Al-integrated mobility interventions and user feedback, offering clear summaries to
facilitate decision-making on whether to expand these initiatives. Additionally, LLMs
can aid in real-time data analysis and provide sentiment analysis from user feedback
to improve service quality and system responsiveness. Overall, LLMs do enhance the
efficiency and effectiveness of the continuous improvement cycle.

. Step 7: Policy Guidelines and Sustainable Funding
LLMs are highly beneficial for Step 7 by analyzing legislative documents and policy
proposals to identify any potential barriers to implementing Al-powered smart mo-
bility solutions. They can and do help generate clear policy recommendations that
align with the project’s objectives and ensure regulatory compliance. Furthermore,
LLMs can assist in exploring sustainable funding models by utilizing Al-driven data
analytics to make informed recommendations for optimizing infrastructure invest-
ments and enhancing operational efficiency. This support can help policymakers
make well-informed decisions, driving forward smart urban transportation initiatives
in Kinshasa.

Globally, LLMs play a crucial role at every stage of the process by performing vari-
ous essential functions. They analyze vast amounts of unstructured data, such as public
feedback and policy documents, to extract valuable insights. LLMs also facilitate communi-
cation between diverse stakeholders, making collaboration more efficient by summarizing
and organizing input from various sources. Additionally, they contribute to simulating
outcomes, allowing for predictive modeling that tests different scenarios before physical
implementation. Furthermore, LLMs enable dynamic adaptation by continuously adjusting
strategies based on real-time data analysis.

This methodology integrates data-driven insights, stakeholder involvement, and the
flexibility offered by LLMs to enhance Kinshasa’s public transport system. By focusing
on technological innovation, particularly Al and LLMs, this approach ensures that the
system becomes sustainable, efficient, and adaptable to the evolving needs of an expand-
ing urban population. In a resource-constrained environment like Kinshasa, these tools
offer a comprehensive solution for managing traffic congestion and improving public
transit infrastructure.

5.1. Research Design and Approach for Smart Mobility Integration in Kinshasa: An Al
(Artificial Intelligence) and LLMs (Large Language Models) Supported Research Approach and
Simulation Studies

This sub-section delves into the comprehensive research design and approach required
to significantly upgrade Kinshasa’s rather primitive multi-modal public transportation
system, aligning it with the demands of a bustling metropolis. Efficiently integrating previ-
ously presented smart mobility concepts like MaaS, car sharing, micro-mobility, VaaS, and
EVs into Kinshasa’s multi-modal road infrastructure demands a comprehensive research
design and approach. The process of the implementation of these concepts should take
place in a logical sequence of steps that are presented in Figure 6.
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Figure 6. Research design for smart mobility integration into an existing transport system.

A detailed description of these steps is provided below. This text outlines the method-
ologies, tools, and strategies essential for this transformative process. Highlighting the
importance of comprehensive simulation research, this approach leverages advanced
software, Al, and LLM technologies to support informed decision-making and achieve
optimal outcomes.

1. Step: Understanding the Current System and Complex Transport Dynamics

The initial phase consists of a thorough examination of Kinshasa’s transportation
ecosystem. Comprehensive data collection and analysis form the foundation for effective
upgrade planning. This includes analyzing current road networks, public transit systems,
traffic patterns, infrastructure deficiencies, and future population projections. To begin
with, it is essential to conduct thorough data collection by compiling comprehensive
information on current transportation modes, infrastructure status, ridership trends, and
traffic patterns. This can be achieved through extensive surveys, IoT sensors, and satellite
imagery. Following this, an infrastructure assessment is necessary. This involves analyzing
the present condition of the infrastructure and pinpointing congestion areas, safety risks,
and regions needing urgent attention. This assessment should be followed by a service
evaluation that consists of an analysis of service reliability, frequency, accessibility, and
affordability across different transport modes [100]. This analysis is needed for a nuanced
understanding of user experiences and pain points. By harnessing LLM technologies,
such as natural language processing (NLP) for sentiment analysis of public feedback and
understanding complex urban planning documents, researchers can gain nuanced insights
into the multifaceted challenges of the city’s transportation landscape.

2. Step: Stakeholder Engagement

Engagement with diverse stakeholders is pivotal for success. This includes govern-
ment entities, private sector players, urban planners, transportation experts, academia,
and community representatives. Collaborative partnerships ensure a holistic approach,
alignment of goals, and integration of local insights into planning processes. Engaging key
stakeholders through data-driven insights ensures alignment with city-wide goals. It is
needed to demonstrate the potential benefits and impacts of proposed upgrades, aiding
decision-makers in policy formulation and budget allocation to government bodies. Then,
transport operator consultation on service improvements should be realized, to assess fleet
performance, route efficiencies, and capacity optimizations. It should be followed by ensur-
ing community participation using integrating simulation-based interactive platforms that
would allow residents to visualize proposed changes, provide feedback, and participate in
co-designing transportation solutions. Also, LLM technologies can be used to aid in syn-
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thesizing vast amounts of stakeholder input and generating actionable recommendations
for decision-makers.

3. Step: Identification of Upgrade Opportunities

Within upgrade initiatives, it is important to support evidence-based decision-making,
for example, in the form of simulation studies. They can serve to quantify congestion reduc-
tions, travel time savings, and environmental benefits that will be a result of Infrastructure
Enhancement. Then, the analyses and performance simulations for different vehicle types
(e.g., electric buses, mini-vans) should be conducted to determine optimal fleet composi-
tions balancing cost-effectiveness, emissions reductions, and passenger comfort a lifecycle
cost. Subsequently, robust IT systems, mobile applications, and communication platforms
should be designed to improve user experience and operational efficiency. This aspect
involves modernizing the vehicle fleet by integrating advanced technologies. Utilizing
real-time simulations of passenger movements, fare collections, and service disruptions
can achieve this modernization.

4. Step: Research about Smart Mobility Concepts Implementation

This pivotal phase in the smart mobility implementation process involves researching
how smart mobility concepts can be applied in specific conditions. Understanding the
impact of these concepts on the entire urban mobility ecosystem is essential. The findings
will serve as the foundation for strategic planning and decision-making. A blend of simula-
tion methods and empirical research can be employed. To provide context and a deeper
understanding of user needs and preferences, conducting surveys and interviews with
stakeholders and target groups is recommended. These qualitative insights will comple-
ment the data obtained from simulations. Before implementing system-wide infrastructure
changes and policy interventions, it is advisable to simulate commuting behavior, travel
patterns, and transport mode choice using agent-based modeling (ABM) [101]. Equally
important is the modeling of traffic dynamics, signal timing and transit operations, opti-
mization of route designs, bus schedules and intersection configurations through traffic
flow simulation [102]. Microsimulation tools such as VISSIM or SUMO can be used for
this purpose.

The study of implementing smart mobility concepts can be broken down into a series
of interconnected stages, each necessitating its own distinct set of tools and methodologies:

4. Step/Phase I. Data-driven Insights

e A mix of quantitative and qualitative methods such as surveys, GPS tracking, and
travel diaries to capture real-time mobility data, commuter preferences, and pain points.

e  Utilizing data analytics and visualization tools can provide valuable insights into
traffic patterns, congestion points, transportation mode preferences, and peak travel
periods. Additionally, LLM technologies can analyze unstructured data from sources
like social media, news articles, and online forums to detect underlying trends and
sentiments related to transportation challenges.

4. Step/Phase II. Simulation Studies with AI Integration

e Advanced simulation software like VISSIM (See URL: https://www.ptvgroup.com/
fr/produits/ptv-vissim; accessed on 1 April 2024), Aimsun (See URL: https://www.
aimsun.com/), or SUMO (See URL: https://eclipse.dev/sumo/; accessed on 1 April
2024) integrated with Al techniques such as advanced machine learning algorithms,
deep learning models, and forecasting methodologies.

e  Al-powered simulations enable researchers to model complex traffic scenarios, predict
demand patterns, optimize route planning for Maa$S users, and dynamically adjust
traffic signals based on real-time data. LLM technologies have the capability to
improve simulation outcomes by producing synthetic data to address deficiencies in
real-world datasets and by simulating a more extensive array of scenarios.
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4. Step/Phase III. Designing Integrated Smart Mobility Solutions

Selection of the most appropriate tools depends on the smart mobility concept that
would be implemented into the existing transport system. The recommended tools for each
of the smart mobility services are as follows:

e  Mobility-as-a-Service Integration: Al-driven platforms for seamless integration of
various transport modes, optimizing journey planning, real-time updates, and person-
alized recommendations for users. LLM technologies can aid in generating natural
language descriptions of recommended routes and services, enhancing user under-
standing and engagement.

e  Car Sharing and VaaS Solutions: Al algorithms for fleet management optimization,
demand prediction, dynamic pricing, and route optimization for shared mobility
services. LLM technologies can assist in generating personalized communication with
users, providing trip suggestions, promotions, and feedback prompts.

e  Micro-Mobility Solutions: Al-driven solutions for fleet management, optimal position-
ing of stations, demand-responsive services, and improving safety for micro-mobility
vehicles. LLM technologies can process user-generated data to pinpoint high-demand
areas for micro-mobility services and create easily understandable explanations of
safety protocols and regulations.

e  EV Infrastructure: Al-powered analytics to identify optimal locations for EV charging
stations based on usage patterns, integrate smart grid technologies for efficient energy
management, and forecast charging demand for effective infrastructure planning.
LLM technologies can assist in summarizing technical reports and regulations re-
lated to EV infrastructure deployment, facilitating decision-making for policymakers
and stakeholders.

4. Step/Phase IV. Technological Innovations: Enhancing with Al

e Intelligent Traffic Management: Al-driven traffic signal optimization, adaptive traffic
flow control, predictive congestion management, and anomaly detection for proac-
tive maintenance. LLM technologies can analyze historical traffic data and generate
insights on traffic patterns, bottlenecks, and potential interventions.

Smart Parking Solutions: Al-powered parking management systems for real-time
parking availability updates, dynamic pricing adjustments, automated valet services, and
efficient space utilization. LLM technologies can analyze user reviews and feedback to iden-
tify areas for improvement in parking services and generate personalized recommendations
for drivers.

5. Step: Community Involvement and Education

The next step consists of empowering communities in the decision-making process.
For this purpose, interactive simulation platforms can be used. Proposed public transport
improvements, station designs, and user journeys can be presented to residents through
virtual reality (VR) simulation. Furthermore, it is appropriate to organize scenario plan-
ning workshops to explore different upgrade scenarios, evaluate trade-offs, and prioritize
investments based on community priorities and preferences. Scenario modeling tools such
as UrbanSim can be used for this purpose.

6. Step: Pilot Programs, Evaluation, and Continuous Improvement

Continuous monitoring and adaptive strategies ensure ongoing performance opti-
mization. Initiate pilot projects in targeted areas to test Al-integrated smart mobility
interventions in real-world scenarios. Collect user feedback, monitor Al-driven system
performance metrics, and conduct rigorous evaluations to refine strategies and address
challenges before full-scale implementation. LLM technologies can assist in summarizing
pilot program results and generating insights for scaling successful initiatives to other
areas of the city. After implementing smart mobility solutions, it is important to perform
real-time data analysis. This involves monitoring the performance of the transport system,
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detecting anomalies, and triggering adaptive responses, such as dynamic adjustments to
traffic routing during peak hours. For this purpose, the integration of IoT sensors and
platforms is required. It is also advisable to implement user feedback mechanisms within
mobile applications and customer service channels, using sentiment analysis and Al-based
insights to iteratively improve service quality, responsiveness, and inclusiveness.

7. Step: Policy Guidelines and Sustainable Funding

Collaborate intensively with policymakers to create regulations and incentives that
advance Al-powered smart mobility solutions while ensuring data privacy and security.
Encourage innovation in Al technologies for urban transportation. Investigate sustainable
financing models that utilize Al-driven data analytics to optimize infrastructure invest-
ments and enhance operational efficiency. Utilize LLM technologies to analyze legislative
documents and policy proposals, identify implementation barriers, and formulate pol-
icy recommendations.

This proposed research framework, supported by comprehensive simulation studies,
sets the stage for a significant enhancement of Kinshasa’s multi-modal public transport
system. Utilizing data-driven insights, fostering stakeholder partnerships, employing
cutting-edge simulation technologies, and engaging the community, Kinshasa can develop
a contemporary, efficient, and eco-friendly transportation network. This initiative aims
to improve mobility, minimize environmental impact, and elevate the quality of life for
residents, establishing a model for smart urban transportation in the region.

5.2. Maximizing Data Insights and Decision-Making with Large Language Models (LLMs) in the
Smart Mobility Integration for Kinshasa

The effective modernization of Kinshasa’s public transport system and the integration
of smart mobility solutions require sophisticated data collection methodologies. This
comprehensive approach includes surveys, interviews, case studies, and field sensor data
and makes strategic use of LLMs [103]. The following text outlines the innovative and
qualitative advantages of these methods over traditional, non-LLM-based approaches.

5.2.1. Surveys Revolutionized by LLMs

Conventional survey analysis typically depends on preset categories and manual
coding, which restricts the breadth of insights. Utilizing advanced LLMs equipped with
complex natural language processing (NLP) abilities enables the analysis of open-ended
survey responses. This approach reveals nuanced sentiments and emerging themes, tran-
scending the restrictions of predetermined categories. This dynamic analysis enables
researchers to capture subtle shifts in public opinion, preferences, and concerns related to
transportation, providing a richer understanding of informed decision-making [104]. In
practical terms, this means that instead of relying solely on preset survey questions, LLMs
can process and interpret responses in a more human-like manner. They can monitor shifts
in sentiment over time, assess the impact of external events on public opinion, and uncover
subtle trends that conventional analysis methods might overlook. For example, LLMs can
determine whether the public’s attitude toward a new transit project is favorable because
of enhanced accessibility or unfavorable due to disturbances in current routes, offering
valuable insights for policymakers.

5.2.2. Interviews Enhanced with LLM Insights

Conducting interviews generates qualitative data crucial for understanding stake-
holders’ perspectives. LLMs streamline interview analysis by automating transcription,
extracting key phrases, and performing sentiment analysis at scale. This automation re-
duces human bias, speeds up analysis processes, and uncovers latent insights buried within
interview transcripts. By integrating LLM insights, researchers can identify sentiment
trends, sentiment shifts, and outliers, enriching qualitative data with quantitative dimen-
sions for comprehensive analyses [105]. In contrast to manual interview analysis, where
researchers may overlook subtle cues or spend excessive time transcribing and coding
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data, LLMs offer a scalable and accurate solution. They can discern not only positive and
negative sentiments but also subtle emotions like uncertainty, excitement, or frustration,
offering a comprehensive perspective on stakeholders’ attitudes. This nuanced analysis is
particularly valuable when exploring complex topics such as the public perception of new
mobility solutions or community responses to infrastructure changes.

5.2.3. Case Studies Empowered by LLM Analysis

Typically, the examination of case studies requires the manual extraction and synthesis
of information, a method that is often labor-intensive and prone to mistakes. LLMs are
adept at handling unstructured case study data, uncovering patterns, correlations, and
causal relationships across varied datasets. Utilizing machine learning algorithms, LLMs
can forecast potential outcomes based on historical data, enabling decision-makers to
simulate different scenarios, evaluate risks, and refine strategies before execution [106].
This data-driven approach minimizes uncertainty and maximizes the effectiveness of
infrastructure investments and policy decisions.

Examining case studies is crucial for grasping best practices and insights gained from
cities that have effectively modernized their transportation systems and incorporated smart
mobility solutions. Traditionally, this task requires manual extraction and synthesis of
pertinent information, making it laborious and prone to human error. However, incorporat-
ing LLMs revolutionizes this analytical process by automating data extraction, enhancing
accuracy, and delivering more profound insights.

LLMs can analyze extensive volumes of unstructured data from case studies, uncover-
ing significant patterns, correlations, and causal links that human analysts might miss [107].
By leveraging natural language processing capabilities, LLMs can sift through extensive
documents, extracting relevant details about strategies, challenges, outcomes, and contex-
tual factors that influenced the success or failure of mobility initiatives. Moreover, LLMs
enable the synthesis of information across multiple case studies, providing a comprehen-
sive view of various approaches and their effectiveness. For example, LLMs can compare
the impact of different policy measures, technological implementations, and community
engagement strategies across diverse urban contexts. This comparative analysis helps
in identifying common success factors and potential pitfalls, offering valuable insights
for tailoring solutions to Kinshasa’s unique environment. LLMs also facilitate predictive
analytics by applying machine learning algorithms to historical data from case studies [108].
This capability allows decision-makers to simulate various scenarios and assess potential
outcomes based on empirical evidence. For instance, by understanding how similar cities
managed traffic congestion or integrated EVs, stakeholders in Kinshasa can predict the
likely impact of similar interventions and optimize their strategies accordingly. Further-
more, the use of LLMs in case study analysis supports evidence-based decision-making by
providing robust, data-driven recommendations. These insights empower policymakers to
prioritize initiatives, allocate resources efficiently, and craft interventions that are scalable
and sustainable. The capability to swiftly process and analyze vast amounts of qualitative
data guarantees that the lessons drawn from global best practices are thoroughly and
effectively incorporated into Kinshasa’s transportation planning and execution strategies.

The main potential of LLMs consists in revolutionizing the analysis of case studies by
automating data extraction, enhancing the accuracy of insights, enabling comparative and
predictive analysis, and supporting evidence-based decision-making [103]. By adopting this
forward-thinking strategy, Kinshasa can harness international expertise to create effective
and locally tailored smart mobility solutions, resulting in a transportation system that is
more efficient, sustainable, and inclusive.

5.2.4. Field Sensor Data Transformed with LLM Analytics

Field sensor data, including traffic cameras, GPS devices, and environmental sensors,
capture real-time insights critical for transportation management. LLMs enhance sensor
data analysis by identifying traffic patterns, predicting congestion hotspots, and correlating
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environmental factors with mobility trends. Advanced deep-learning models integrated
with LLMs can detect anomalies, optimize resource allocation, and support predictive
maintenance strategies for infrastructure [109]. This proactive approach ensures efficient
traffic flow, reduced emissions, and improved overall mobility experience for residents
and commuters.

LLMs analyze vast datasets, uncovering traffic patterns and congestion points to
optimize road networks and signal timings [110]. Predicting future congestion allows for
proactive measures like dynamic traffic management and congestion pricing, improving
traffic flow and reducing travel times. LLMs also correlate environmental sensor data
with traffic patterns, aiding city planners in promoting EVs and green spaces to enhance
air quality. Integrating data from smart mobility services, such as ride-sharing and bike-
sharing platforms, enhances analytical capabilities. LLMs can analyze usage data from
these services to discern demand trends and optimize service distribution. For example,
studying ride-sharing data helps in adjusting vehicle availability and positioning, while
bike-sharing data aids in determining the optimal locations for bike stations. Advanced
deep-learning models can identify anomalies in sensor data, swiftly pinpointing traffic
incidents or infrastructure issues for immediate action, ensuring safety and minimizing
disruptions. LLMs also enhance resource allocation by fine-tuning public transit schedules
and guiding infrastructure placement, thereby reducing wait times and alleviating over-
crowding. Furthermore, LLMs facilitate predictive maintenance by analyzing sensor data
to predict infrastructure failures, allowing for timely repairs and prolonging asset lifespans.
This holistic approach improves traffic flow, mitigates congestion, and enhances overall
mobility experiences.

Integrating LLMs with field sensor data and smart mobility service data transforms
transportation management. This approach provides actionable insights that enhance
efficiency, sustainability, and the quality of life for Kinshasa’s residents.

5.2.5. Integrated Approach with LLM Technologies

The integrated approach combining traditional data collection methods with LLM
technologies represents a leap forward in data-driven decision-making for urban mobility.
LLMs facilitate a seamless flow of insights across datasets, enabling the cross-validation of
findings and comprehensive trend analysis [111]. By leveraging advanced machine learning
algorithms within LLM frameworks, stakeholders can build predictive models for demand
forecasting, optimize service delivery, and tailor mobility solutions to evolving needs. This
agility and foresight empower cities like Kinshasa to adapt to dynamic challenges, optimize
resource utilization, and enhance urban livability sustainably.

Integrating LLMs into various data collection techniques significantly enhances the
precision, quality, and speed of data analytics within Kinshasa’s transportation sector.
Leveraging LLMs’ strengths in natural language processing, machine learning, and pre-
dictive analytics enables stakeholders to gain comprehensive insights into transportation
patterns, user behaviors, and infrastructure demands. This data-centric strategy ensures
that Kinshasa’s mobility projects adapt effectively, promoting sustainable urban growth,
improving public services, and elevating the quality of life for its citizens.

6. Feasibility Analysis

The feasibility analysis framework in this study is built upon a comprehensive, multi-
dimensional approach that assesses smart mobility solutions through the lenses of tech-
nological, economic, regulatory, social, and environmental perspectives. Each dimension
is thoroughly evaluated to ensure that the proposed solutions are not only innovative
but also sustainable, scalable, and well-suited to the unique challenges faced by Kinshasa.
The process begins by identifying Kinshasa’s specific urban mobility challenges, such as
congestion, inadequate infrastructure, and environmental concerns, and then systematically
evaluates each of the five key factors.
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The first dimension, technological feasibility, assesses the compatibility of Kinshasa’s
existing infrastructure with proposed smart mobility technologies and considers the avail-
ability, integration, and scalability of these technologies within the local context. Economic
feasibility focuses on the financial sustainability of these solutions by examining their cost—
benefit ratios, long-term economic impact, and potential funding sources, ensuring that the
city’s limited resources are used effectively. The regulatory feasibility component reviews
the alignment of smart mobility solutions with current government policies and regula-
tions, also emphasizing the importance of stakeholder engagement and public—private
partnerships to facilitate implementation.

The social feasibility aspect is crucial in determining public acceptance, accessibility,
and safety. This dimension ensures that the proposed solutions are inclusive and cater to
the needs of all demographics, particularly underserved populations, while also addressing
cultural attitudes toward new technologies. Finally, environmental feasibility evaluates the
potential of smart mobility solutions to reduce emissions, improve air quality, and support
Kinshasa’s long-term sustainability goals. By addressing these interdependent factors, the
analysis provides a holistic view of the viability of implementing smart mobility concepts
in Kinshasa, ensuring that the solutions are both technically and socially adaptable to the
city’s evolving needs.

6.1. Methodology: Criteria for Feasibility Analysis Selection

The purpose of the feasibility study is to evaluate the prospects of implementing smart
mobility solutions and an intermodal public transportation system within Kinshasa’s road
infrastructure. This assessment relies on stringent selection criteria to ensure a thorough
examination of the proposed initiatives. It considers technical, economic, environmental,
social, and institutional dimensions, aiming to deliver a comprehensive perspective on the
project’s feasibility (see Table 8).

From a technical perspective, the analysis examines the compatibility of existing infras-
tructure, evaluating whether the current road systems can accommodate new technologies
and intermodal systems without requiring significant alterations [112]. The assessment
also considers the presence and advancement of smart mobility technologies, including
IoT, real-time data analytics, and mobile apps for public transportation. Another crucial
element is operational efficiency, focusing on potential enhancements in traffic manage-
ment, congestion alleviation, and the optimization of public transit schedules via intelligent
systems [113]. Furthermore, the scalability of the smart mobility solutions is considered
to ensure their capacity for future expansion as the city’s population and transportation
demands grow.

Economic feasibility is determined by conducting a comprehensive cost-benefit analy-
sis, weighing the investment and operational expenses against anticipated economic gains,
such as decreased travel time and fuel costs. This analysis pinpoints possible funding
avenues, including government allocations, international assistance, and private sector
investments, while also evaluating the project’s long-term financial viability. Additionally,
market demand is examined by considering factors like population density, urbanization
rates, and current transportation trends to assess the need for smart mobility solutions
among Kinshasa'’s residents.

Institutional feasibility involves reviewing existing policies and regulations to identify
potential barriers or facilitators for implementing smart mobility solutions and recom-
mending necessary adjustments to the legal framework. The capacity of local government
agencies and institutions to manage, operate, and maintain the new systems is evaluated,
identifying training and capacity-building needs. Given the importance of stakeholder
collaboration, this study involves identifying essential stakeholders—such as governmental
agencies, private sector partners, and community organizations—and evaluating their
respective roles.
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Table 8. Selection criteria for a feasibility analysis of a smart mobility system in Kinshasa.

Category of Analysis

Selection Criteria

Main Content

Technological Feasibility

Infrastructure compatibility

Assessing current road infrastructure and its ability to
support new technologies without extensive modifications.

Availability and maturity of
smart mobility technologies

Applying IoT, real-time data analytics, and mobile
applications for public transport.

Economic Feasibility

Cost-benefit analysis

Comparing investment and operational costs against expected
economic benefits (e.g., reduced travel time, fuel savings).

Potential funding sources

Finding government budgets, international aid, and private
sector investments.

Financial sustainability

Evaluating long-term viability of the project.

Market demand

Considering population density, urbanization rates, and
existing transportation patterns.

Regulatory and Legal Feasibility

Policy and regulation review

Identifying potential barriers or facilitators for implementing
smart mobility solutions and recommending
legal adjustments.

Capacity of local government

Evaluating ability to manage, operate, and maintain new
systems; identifying training and capacity-building needs.

Stakeholder collaboration

Identifying key stakeholders and assessing their roles.

Accessibility

Improving accessibility for all residents, including

marginalized and underserved communities.

Gauging through surveys, focus groups, and stakeholder

Public acceptance o
engagement activities.

Social and Cultural Feasibility

Assessing potential for improving road safety and reducing
accidents through better traffic management and
real-time monitoring.

Safety and security

Evaluating potential environmental benefits of improved
traffic management and increased use of
public transportation.

Emission reduction

Aligning with sustainable development goals and reducing

Environmental Feasibility 0 Il carbon footprint
e overall carbon footprint.

Sustainability

Ensuring minimal environmental disruption during

Resource efficienc . . .
y implementation and maintenance.

Social feasibility focuses on how the proposed smart mobility solutions improve ac-
cessibility for all residents, including marginalized and underserved communities. Public
acceptance of smart mobility concepts is measured using surveys, focus groups, and stake-
holder engagement initiatives to gauge perceptions and receptiveness. Additionally, safety
and security are evaluated to explore the potential for enhancing road safety and reducing
accidents through improved traffic management and real-time monitoring systems.

Environmental feasibility involves evaluating the potential environmental benefits
of reducing emissions through improved traffic management and increased use of public
transportation. The proposed smart mobility solutions are designed to be sustainable by
aligning with sustainable development goals and minimizing the transportation sector’s
carbon footprint in the city. Moreover, the utilization of resources is meticulously assessed
to minimize environmental impact throughout both the deployment and upkeep stages of
these smart mobility systems.

The criteria for the feasibility analysis aim to establish a comprehensive framework
for assessing the implementation and integration of smart mobility solutions and an
intermodal public transportation system in Kinshasa. By evaluating technical, economic,
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environmental, social, and institutional factors, this methodology ensures a thorough and
balanced analysis, facilitating informed decision-making and effective execution.

6.2. A Comprehensive Guide to Feasibility Analysis

The process of feasibility analysis for the successful implementation of smart mobility
solutions in urban environments can be divided into the evaluation of individual feasibility
aspects. Their prioritizing is crucial for effective decision-making. The recommended
order based on best practices in urban planning, transportation studies, and sustainability
research, is the following: Technological feasibility, Economic feasibility, Regulatory and
Legal Feasibility, Social and Cultural feasibility, and Environmental feasibility. The main
aspects of these analytic studies are summarized in Table 3. The different dimensions of
the feasibility analysis are summarized in Table 9.

Table 9. The main aspects of different types of feasibility analyses.

Technological Feasibility

Economic Feasibility

Regulatory and Legal Feasibility

Social and Cultural Feasibility

Environmental Feasibility

Category of Feasibility Analysis Content Main Output
Evaluation of the technological infrastructure ~ Assessment of the compatibility of existing
required for smart mobility concepts systems with modern technologies
Cost-benefit analysis of implementing smart  Identification of potential funding sources
mobility solutions and financial models
Review of current regulations and legal Recommendations for necessary
structures pertaining to smart mobility regulatory adjustments
Analysis of social acceptance and cultural Potential impact of smart mobility concepts
adaptability of smart mobility concepts on local communities and residents
Assessment of the environmental impact of ~ Information for minimizing negative
public transportation and smart environmental impacts and maximizing
mobility solutions overall sustainability

The following text explores the essential aspects of each category of the feasibility
analysis. It outlines the necessary steps for their effective realization and provides advice
on possible threats and challenges.

6.2.1. Practicality of the Technology Implementation

Evaluating the technological preparedness of current infrastructure is crucial for the
success of transportation projects. This assessment involves examining the city’s digital
framework, telecommunications systems, and the alignment of existing infrastructure with
contemporary technologies. Integrating data analytics, IoT technology, and digital plat-
forms can drastically enhance the effectiveness and dependability of transportation systems.
These advanced tools and technologies contribute to more streamlined operations and
improved service reliability [114]. Moreover, ensuring interoperability between different
systems is essential to creating a cohesive and integrated transportation network [115].

For the effective realization of a technological feasibility study the following steps
are recommended:

1.  Perform a thorough evaluation of the transportation infrastructure to pinpoint areas
needing enhancement and modernization. This involves examining the state of roads,
bridges, and public transit facilities.

2. Invest in upgrading digital infrastructure and telecommunications networks to sup-
port smart mobility initiatives. This includes expanding broadband access and de-
ploying IoT devices for real-time data collection.

3. Encourage collaborations between public entities and private enterprises to seam-
lessly incorporate smart mobility solutions into current transportation frameworks.
Partnering with technology firms and startups can introduce cutting-edge innovations
and advancements.
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4. Focus on designing transportation systems with user-centric principles to guarantee
accessibility and inclusivity for all. This involves soliciting feedback from diverse
stakeholders, including commuters with disabilities and marginalized communities.

5. Launch pilot initiatives to evaluate the practicality and scalability of novel trans-
portation solutions prior to widespread implementation. This approach enables
incremental enhancements and reduces the risks linked to substantial investments.

6.2.2. Economic Feasibility

Smart mobility solutions offer a promising avenue toward achieving more efficient,
sustainable, and accessible urban transportation networks. However, alongside technologi-
cal advancements and innovation, there lies the crucial challenge of assessing the economic
feasibility of implementing these solutions. It is important to be aware of the complexi-
ties of performing cost-benefit analyses (CBA), identifying potential funding sources and
exploring different financial models tailored to smart mobility initiatives.

Cost-benefit analyses serve as the cornerstone for evaluating the economic viabil-
ity of smart mobility projects [116]. The process begins by meticulously identifying and
quantifying both the direct and indirect costs associated with implementation. Direct costs
encompass the initial investment in technologies, infrastructure development, and ongo-
ing operational expenses. Indirect costs, though more nuanced, must not be overlooked,
encompassing environmental impacts, societal benefits, and potential externalities. Simulta-
neously, it is imperative to assess the myriad benefits that smart mobility solutions promise
to deliver. These benefits extend beyond mere monetary gains and encompass reductions in
traffic congestion, travel time savings, improvements in air quality, and enhanced societal
well-being. Quantifying these benefits often involves sophisticated modeling techniques,
drawing upon data analytics, and scenario planning to forecast the impacts accurately [117].
The heart of cost-benefit analysis (CBA) lies in assessing costs versus benefits. Metrics
such as net present value (NPV), benefit—cost ratio (BCR), and internal rate of return (IRR)
give stakeholders insights into the project’s economic viability over its entire lifecycle.
Additionally, sensitivity analysis strengthens these assessments by highlighting how the
project’s outcomes respond to different assumptions and external influences.

Obtaining sufficient financial resources is essential for the successful implementation
of smart mobility initiatives [118]. There are numerous funding sources available, each
with unique considerations and requirements. Traditional methods of financing include
public budgets, grants from both governmental and non-governmental organizations,
and international development funds. However, innovative approaches such as public—
private partnerships (PPPs) and venture capital investments offer alternative pathways,
fostering collaboration between the public and private sectors while mitigating financial
risks [119]. Moreover, investigating value capture methods provides a chance to match
the funding of smart mobility initiatives with the value they create. Approaches like tax-
increment financing, land value capture, and development impact fees allow municipalities
to claim a share of the enhanced property values and economic advantages arising from
transportation enhancements.

Choosing suitable financial models is crucial for maintaining the long-term viability
of smart mobility projects. Implementing user fees, congestion pricing, and road tolls can
create revenue streams, control demand, and encourage sustainable travel habits. Addi-
tionally, revenue-sharing partnerships with private sector entities offer further funding
opportunities, utilizing their expertise and resources to expedite project execution. Inte-
grating innovative financing methods like green bonds and social impact bonds ensures
that funding aligns with broader goals of sustainability and social equity [120]. These tools
allow investors to back projects that produce tangible environmental and social advantages,
thereby accessing fresh sources of funding for smart mobility initiatives.
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6.2.3. Regulatory and Legal Feasibility

In an era marked by rapid urbanization and technological advancement, the landscape
of public transportation is undergoing a profound transformation. The emergence of smart
mobility solutions promises increased efficiency, sustainability, and accessibility. However,
this evolution necessitates a careful examination of existing regulatory frameworks to
ensure alignment with the demands of this new paradigm.

The current regulatory landscape surrounding public transportation is a patchwork of
laws and policies designed for a different era. While these regulations have served their
purpose, they often fail to accommodate the complexities of smart mobility systems [121].
From ride-sharing platforms to autonomous vehicles, new technologies are challenging
traditional notions of transportation regulation [122]. Key areas of concern include data
privacy, liability, and interoperability standards [123].

To facilitate the seamless integration of smart mobility solutions into existing trans-
portation ecosystems, several regulatory adjustments are recommended:

1. Flexible Frameworks: Regulators should adopt agile, technology-neutral frameworks
that can adapt to rapidly evolving innovations. This approach enables regulators to
foster innovation while safeguarding public safety and consumer rights.

2. Collaborative Governance: Effective regulation requires collaboration between govern-
ment agencies, industry stakeholders, and community representatives. Establishing
multi-stakeholder task forces can facilitate dialogue and consensus building around
regulatory reforms.

3.  Data Governance: As smart mobility systems rely on vast amounts of data, regula-
tors must establish robust data governance frameworks. These frameworks should
prioritize privacy protection, data security, and transparency to build public trust in
emerging technologies.

4.  Liability Standards: Establishing clear liability standards is crucial for assigning
responsibility when accidents or malfunctions occur within smart mobility systems.
Regulatory bodies need to create liability frameworks that both encourage innovation
and ensure accountability.

5. Interoperability Mandates: To ensure interoperability between different smart mobility
services, regulators should mandate open standards and protocols. Interoperability
facilitates seamless integration between various modes of transportation, enhancing
user experience and system efficiency.

As public transportation develops into a more integrated and intelligent network,
adaptable regulations become essential. Policymakers can maximize the potential of smart
mobility by actively tackling regulatory issues and adopting innovative approaches, leading
to safer, more efficient, and sustainable transport systems for everyone.

6.2.4. Cultural and Social Viability

In the fast-changing environment of modern cities, incorporating smart mobility
principles into public transport systems is crucial for boosting efficiency, sustainability,
and convenience. Nonetheless, the social and cultural acceptance of these innovations
often remains underappreciated. A thorough examination of how these technological
advancements align with various social groups and cultural contexts is essential. Grasping
the views, preferences, and worries of community members is vital for the smooth adoption
and enduring success of smart mobility solutions.

A critical component of this analysis involves assessing accessibility. This entails
investigating how effortlessly all community members, irrespective of their socio-economic
background or physical capabilities, can utilize these services [28]. Creating smart mobility
solutions that are not only physically accessible but also accommodate cultural and lin-
guistic diversity is crucial [124]. This might involve providing multi-language interfaces,
accommodating diverse mobility needs such as wheelchair accessibility, and ensuring
that routes and schedules cater to the needs of different demographic groups. Another
crucial factor to evaluate is the impact of smart mobility on social equity. It is essential
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to scrutinize whether these advancements inadvertently exacerbate existing disparities
or promote inclusivity. A thorough examination is needed to guarantee that such innova-
tions do not unintentionally increase the divide between advantaged and disadvantaged
groups [125]. This could entail targeted subsidies for low-income residents, flexible fare
structures, or initiatives to address the digital divide by providing access to technology and
digital literacy programs [126].

Closely tied to accessibility is the issue of affordability. Although smart mobility
offers efficiency and cost savings, affordability is still a key consideration for widespread
acceptance [127]. Maintaining affordability for these solutions across all societal sectors is
crucial to cultivating fair and inclusive transportation systems.

Moreover, cultural factors greatly influence how smart mobility initiatives are per-
ceived [128]. Each community possesses its unique set of norms, values, and habits, which
must be carefully navigated to garner acceptance. From the integration of traditional modes
of transport to respecting cultural practices related to communal travel, sensitivity to these
nuances is vital for fostering positive engagement.

Equally important is the acknowledgment of potential disruptions to existing modes
of transportation and local economies. While smart mobility offers numerous benefits, it
may also challenge established norms and industries, necessitating strategies for mitigating
negative impacts and fostering collaboration. The success of smart mobility hinges on its
ability to align with the social fabric and cultural ethos of the communities it serves.

6.2.5. Environmental Feasibility

In a sustainable future, the integration of public transportation and smart mobility
solutions can significantly mitigate environmental degradation. This thorough evalua-
tion explores the environmental viability of integrating EVs and other green alternatives,
with the goal of assessing their potential to lower carbon emissions and promote a more
sustainable, eco-friendly atmosphere.

EVs, heralded as the cornerstone of eco-friendly transportation, promise a remarkable
decrease in greenhouse gas discharges when compared to their traditional fossil fuel coun-
terparts. By leveraging renewable energy sources and advancements in battery technology,
EVs present a concrete route toward decarbonizing the transport industry [129]. Incorporat-
ing EVs into public transportation fleets can greatly reduce air pollution and enhance urban
air quality. Nonetheless, environmental viability requires more than just the adoption
of EVs. It also involves evaluating other smart mobility solutions, such as ride-sharing
services, micro-mobility options like electric scooters and bicycles, and efficient public
transit systems. By encouraging multimodal transportation and decreasing dependence on
single-occupancy vehicles, these approaches not only help ease traffic congestion but also
lower carbon emissions and support sustainable urban growth.

The evaluation highlights the crucial role of infrastructure development and policy
measures in promoting the adoption of environmentally friendly transportation options.
Essential steps such as investing in charging stations, offering incentives for EV purchases,
and enforcing emission regulations are vital to achieving the environmental advantages of
public transport and smart mobility initiatives. The shift toward sustainable transportation
solutions necessitates a unified effort from both policymakers and the public. By adopting
EVs, encouraging smart mobility alternatives, and prioritizing environmental factors in ur-
ban planning, we can pave the way for a cleaner, healthier future for upcoming generations.
This evaluation can act as a roadmap toward a more sustainable transportation framework.

7. Discussion

Efficient, sustainable transportation solutions are essential in modern urban environ-
ments. Kinshasa currently faces significant transportation challenges, including severe
congestion, inadequate infrastructure, and limited public transportation options. These
issues result in increased travel times, decreased road safety, environmental degradation,
and economic inefficiencies. Addressing these challenges is crucial for the city’s sustainable
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development. Smart mobility presents a holistic approach to tackling these transportation
challenges. An integrated approach is essential for developing efficient and sustainable
urban transportation systems. By integrating technology, data-driven insights, and inno-
vative transportation models, cities can optimize existing resources, enhance accessibility,
and reduce carbon emissions. Kinshasa, as it moves toward the future of transportation,
must carefully integrate smart mobility concepts into its infrastructure.

Through an examination of various smart mobility projects in cities globally, including
those in less developed regions, Kinshasa has the opportunity to gain valuable insights,
identify effective strategies, and tailor solutions to address its specific mobility challenges
and goals for sustainable urban growth. Drawing lessons from these international examples
can help guide policy decisions, infrastructure investments, and community involvement
efforts to create a more connected, efficient, and enjoyable urban environment in Kinshasa
and beyond.

The transition toward smart mobility in Kinshasa requires leveraging a wide range
of global experiences and knowledge from cities around the world, both advanced and
developing. By analyzing the successes and obstacles encountered by cities like Singapore,
Barcelona, Helsinki, Medellin, Curitiba, Cape Town, and others, Kinshasa can develop
informed strategies that suit its distinctive urban landscape and mobility challenges. From
Singapore’s groundbreaking Mobility-as-a-Service model to Barcelona’s innovative su-
perblocks and Helsinki’s seamless transportation integration through the Whim app, each
city offers specific insights that can be incorporated into Kinshasa’s mobility planning.
Comparative analyses can explore regulatory frameworks, data-sharing protocols, public—
private collaborations, user engagement rates, and the societal and economic impacts
of these projects, providing a detailed understanding for Kinshasa’s policymakers and
city planners.

Moreover, exploring the integrated transportation systems in Medellin, the sustainable
urban planning model in Curitiba, and the multimodal MyCiTi BRT system in Cape
Town can provide valuable perspectives for Kinshasa on infrastructure investments, fair
access to transportation, and environmental sustainability. By learning about spatial
planning, optimizing public transit, promoting active transportation, and engaging with
the community from these cities, Kinshasa can work toward a more connected, efficient, and
enjoyable urban environment. The lessons learned from global examples go beyond just
technical solutions to include policy frameworks, governance structures, and approaches
to citizen participation. Kinshasa can use these insights to make informed policy decisions
that prioritize sustainable mobility, allocate resources efficiently, and promote collaboration
between government agencies, private sector organizations, and community stakeholders.

By conducting a thorough feasibility analysis and drawing inspiration from success-
ful case studies worldwide, a list of comprehensive recommendations for implementing
specific smart mobility concepts in Kinshasa was prepared.

The results of the feasibility analysis suggest that while smart mobility solutions
present significant potential for alleviating Kinshasa’s urban mobility challenges, their
implementation must be carefully aligned with the city’s broader socio-political landscape.
Kinshasa’s current governance structures and regulatory frameworks, particularly those
relating to urban transport and infrastructure development, require reform to fully support
the integration of these solutions. The capacity of local government agencies to manage
and operate smart mobility systems remains a critical concern, as does the need for effective
collaboration between governmental bodies, private-sector partners, and international
stakeholders. Furthermore, the analysis reveals potential regulatory hurdles, such as
outdated transportation policies and limited stakeholder engagement, which could hinder
the adoption of innovative mobility technologies. Addressing these issues through policy
reforms, capacity building, and inclusive stakeholder dialogue is crucial for ensuring the
long-term success of smart mobility solutions in Kinshasa.

Enhancing the city’s transportation system calls for the creation of a Multimodal
MaaS platform. This platform would effortlessly integrate multiple transportation modes,
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offering users a unified payment system, real-time updates, and convenient trip planning.
Furthermore, enhancing the public transit system should be a priority. This can be achieved
by investing in new buses, optimizing routes for efficiency, and implementing real-time
tracking systems. Introducing bus rapid transit (BRT) lanes could also help prioritize public
transit and reduce travel times significantly.

To tackle parking challenges, implementing smart parking solutions is essential. Uti-
lizing dynamic pricing and real-time availability data can effectively regulate parking
demand, especially in high-traffic areas. This approach encourages turnover and discour-
ages prolonged parking in prime spots, thereby alleviating traffic congestion. Additionally,
incorporating EVs into the transportation system is crucial for reducing emissions and
promoting sustainable mobility. This could involve setting up EV charging stations and
providing incentives and policies to encourage the adoption of EVs.

Implementing sophisticated traffic management systems is essential for enhancing
traffic flow and alleviating congestion. These systems use real-time data, sensors, cam-
eras, and Al to efficiently monitor and control traffic. Adopting data-driven strategies
through analytics and predictive modeling can optimize route planning, enhance service
reliability, and address the dynamic needs of transportation. Additionally, partnering
with local universities and research institutions to gather and analyze transportation data
will support informed decision-making processes. The integration of LLM technologies
into the research process is instrumental in deriving the core findings of this study. These
technologies can be used to process and analyze vast datasets, including real-time traffic
patterns, commuter preferences, and infrastructure usage, collected through surveys, GPS
tracking, and IoT devices. The LLMs do enable the synthesis of these unstructured data
sources into actionable insights, identifying key mobility challenges and opportunities
for improvement. For example, LLMs can be employed to simulate and predict traffic
congestion trends, optimize vehicle fleet compositions, and forecast the impact of different
smart mobility interventions. This data-driven approach, facilitated by LLM technology,
does allow for a more nuanced understanding of Kinshasa’s unique urban mobility dy-
namics, leading to targeted recommendations for policy and infrastructure investments.
Additionally, LLMs can be used to assess public sentiment and preferences by analyzing
open-ended survey responses, further informing the study’s conclusions on the feasibility
of proposed solutions.

Raising public awareness is essential for educating people about the advantages of
smart mobility and encouraging sustainable transportation practices. To do this effectively,
various communication platforms such as social media, radio, and community events
should be leveraged to connect with a broad audience and enhance understanding of smart
mobility solutions. Prioritizing community engagement in the design and implementa-
tion of smart mobility projects is key. Engaging the community via forums, workshops,
and online platforms collects valuable feedback on transportation needs and preferences,
facilitating the creation of solutions customized to the local context. Promoting active trans-
portation options like walking and cycling can decrease dependence on motor vehicles and
improve public health. Creating dedicated lanes and facilities for pedestrians and cyclists
ensures safer and more sustainable transportation modes. Additionally, advocating for
ride-sharing and carpooling is crucial to lessen the number of single-occupancy vehicles on
the road, leading to more efficient use of current transportation resources.

Accessibility is a key criterion in the implementation of smart mobility and must not be
overlooked. To make smart mobility solutions inclusive for all societal members, including
individuals with disabilities and low-income communities, it is essential to provide trans-
portation options like wheelchair-accessible vehicles. Additionally, introducing affordable
fare programs can help ensure that everyone has equitable access to mobility services.

The primary obstacles encountered in implementing smart mobility solutions can be
categorized into two main groups. The first involves addressing the varied needs and
preferences of the population, ensuring accessibility for everyone, and overcoming potential
resistance to behavioral changes. To effectively introduce smart mobility solutions in a
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city, it is crucial to focus on community involvement, data-informed decision-making, and
increasing public awareness. Another group of possible challenges could include resistance
from traditional stakeholders, regulatory hurdles, and potential safety concerns. To enhance
the integration of smart mobility solutions within a city, it would be very beneficial to
establish public—private partnerships. To fully harness the potential of smart mobility, it
is crucial to engage with technology companies, transportation providers, and investors.
These collaborations can tap into their specialized knowledge, extensive resources, and
substantial investment opportunities. This collaboration would encompass joint pilot
programs, research initiatives, and infrastructure development to expedite the innovation
and deployment of smart mobility projects.

Additionally, establishing a robust policy and regulatory framework is critical to
promoting the adoption of smart mobility solutions. This framework must tackle regulatory
hurdles while safeguarding the well-being of all users. A thorough review and possible
revision of current transportation policies, zoning laws, and land-use plans are necessary
to effectively integrate emerging mobility trends and technologies.

Beyond technological progress, a comprehensive approach to smart mobility research
must also address socio-economic and environmental considerations. Examining how
transportation policies influence equity, affordability, and environmental sustainability
is crucial to guarantee that smart mobility projects advantage all societal groups while
reducing negative environmental impacts.

8. Conclusions

Kinshasa’s current transportation ecosystem is marked by challenges, including traffic
congestion, unreliable public transport, and limited infrastructure. Traditional modes of
transportation, such as informal minibus networks and taxis, struggle to keep pace with
the city’s rapid urbanization, leading to inefficiencies and frustrations for commuters. The
existing infrastructure is strained, often unable to accommodate the growing population’s
needs adequately. A comprehensive assessment of Kinshasa’s public transport infrastruc-
ture reveals deficiencies in capacity, reliability, and accessibility. The informal nature of the
minibus networks, while providing a degree of flexibility, also leads to issues such as over-
crowding, irregular schedules, and safety concerns. Additionally, the lack of designated
lanes for public transport exacerbates congestion, further hampering efficiency.

Adopting smart mobility strategies provides a promising solution to tackle Kinshasa’s
transportation issues. Implementing MaaS, along with car-sharing, bike-sharing, and
micro-mobility programs, can significantly improve connectivity, alleviate congestion,
and enhance urban living conditions. These smart mobility initiatives are crucial as the
city experiences rapid growth and expansion. By prioritizing sustainability, equity, and
innovation, Kinshasa can transform its transportation infrastructure, ushering in a new era
of urban development and unlocking fresh opportunities for progress.

However, this process is fraught with many challenges that must be overcome. Re-
solving them requires thoughtful planning, collaboration, and a strong commitment to
achieving sustainable and efficient smart mobility solutions. Advancing smart mobility
in Kinshasa is a complex task that requires collaboration across different disciplines and
creative thinking. Successful implementation requires collaboration between government
agencies, private partners, and the community. As the city moves toward a more efficient
transportation system, working together and being adaptable is crucial.

To implement Mobility-as-a-Service (MaaS) and other smart mobility solutions in
Kinshasa, several key policy reforms and infrastructure investments are required. First,
the city must prioritize the development of a Multimodal Mobility-as-a-Service platform
that integrates all transportation modes with a unified payment system and real-time
updates. This would necessitate the creation of dedicated public transit lanes, investment in
charging stations for EVs, and data-sharing protocols across service providers. Additionally,
regulatory reforms are needed to support public—private partnerships, enabling technology
companies and transportation providers to collaborate effectively on smart mobility projects.
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Establishing policies that incentivize EV adoption and improve traffic management systems
will also be critical in ensuring the success of these initiatives.

By concentrating on the research areas outlined in this paper, Kinshasa can lay the
groundwork for an urban transportation system that is more efficient, equitable, and
sustainable. This strategy can boost economic growth and improve residents” quality of
life. By fostering a clear vision and teamwork, the city can turn transportation challenges
into opportunities for progress. Although the path forward may present difficulties, the
aim of establishing a dynamic and inclusive Kinshasa with unlimited mobility is attainable.
Embracing smart mobility provides an opportunity to shape Kinshasa’s future and create a
legacy of innovation for generations to come. Also, further inspiration, especially related to
smart city concepts, can be obtained from various sources such as Refs. [127-132].
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