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Abstract: Various human activities emit greenhouse gasses (GHGs) that contribute to global climate
change. These include the burning of fossil fuels for energy production, transportation, and indus-
trial uses, and the clearing of forests to create farmland and pasture, all for urban and industrial
development. As a result, temperatures around the world are rising, extreme weather events are
occurring more frequently, and human health is suffering because of these changes. As a result of
massive traffic, agriculture, and urbanization, the natural environment is being destroyed, negatively
affecting humans and other living things. Humanity plans to live in smart cities within this ecosystem
as the world evolves around these mutations. A smart city uses technology and data to improve the
quality of life of its citizens and the efficiency of its urban systems. Smart cities have the potential to
be more sustainable because they use technology and data to improve the efficiency of urban systems
and reduce the negative impact of human activities on the environment. Smart cities can also use
technology to improve green transportation and waste management and reduce water consumption,
which can help conserve natural resources and protect the environment. Smart cities can create livable,
efficient, and sustainable urban environments using technology and data. This paper presents a new
Enterprise Architecture Framework for reducing carbon emissions for environmental sustainability
that combines gamification and green behavior with blockchain architecture to ensure a system that
is trustworthy, secure, and scalable for shareholders, citizens, service providers, and technology
vendors. In order to achieve this, the hyper-integrated framework approach explains a roadmap for
how sustainability for reducing carbon emissions from transportation is based on an optimized MaaS
approach improved by gamification. As part of this study, a computational model and a formulation
are proposed to calculate the activity exchange values in the MaaS ecosystem for swapping, changing,
and bartering for assets within the integrated system. This paper aims to propose the framework
and a module interoperability approach, so numerical values for computation parameters are not
included as they may belong to other research studies. In spite of this, a case study section has been
provided as an example of a calculation approach.

Keywords: smart cities; MaaS; environmental sustainability; carbon credit; blockchain; gamification;
hyper integrated services; pro-environmental behaviour; enterprise architecture

1. Introduction

Climate change is caused by various human activities, particularly the emission of
greenhouse gasses such as carbon dioxide and methane into the atmosphere [1]. The ma-
jority of these greenhouse gasses are produced by modern living standards, agriculture,
and industrialization. Another massive carbon dioxide emission occurs from the produc-
tion of cement that makes up buildings, factories, and human artifacts, as well as from the
decomposition of organic material in landfills and other industrial processes [2]. These
gasses in the atmosphere trap heat from the sun and cause the Earth’s temperature to rise.
The impacts of climate change are far-reaching and include rising sea levels, more frequent
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and intense heat waves and storms, droughts and floods, and changes in the distribution
and abundance of plants and animals [3]. These impacts can have negative consequences
for human health, agriculture, biodiversity, water resources, and other aspects of human
society [4].

Environmental factors, such as the endangered ozone layer, greenhouse gas emissions
mentioned above, polluted rivers, and industrial waste discharged into freshwater re-
sources and the environment, have been shown in recent studies to negatively affect quality
of life. Climate change, for example, can negatively impact human health in several ways,
including increased risk of heat stroke, respiratory problems, and infectious diseases [5].
It has also been shown that green space in the cities has a positive impact on mental
health [6]. Moreover, there are other studies showing environmental factors increase
various risk factors for human health [7,8].

Sustainable environmental management means reducing greenhouse gas emissions
and adopting greener practices to mitigate the effects of climate change. Environmental
sustainability requires balancing economic development, social needs, and environmental
protection. For the benefit of present and future generations, environmental sustainabil-
ity means preserving the natural environment, including biodiversity, natural resources,
and ecological processes [9].

Measures to protect and preserve the natural environment and to use natural resources
in ways that do not deplete or degrade them are critical to the continued existence of the
natural environment [10]. In other words, it is about making decisions and acting in a
way that takes into account the long-term impact on the environment, rather than focusing
only on short-term economic or social benefits [11]. There are several approaches that
can contribute to environmental sustainability, such as reducing resource use and waste,
which reduces the environmental impacts associated with resource extraction, processing,
and disposal [12]. By protecting and conserving natural habitats and biodiversity, human
activities can have a less harmful effect on the environment [13], and the use of renewable
energy sources can reduce the impact of energy production on the environment. Adopting
green, sustainable practices at home, at work, and in the community can reduce daily
environmental impact [14].

Measures to reduce energy consumption and reduce humanity’s carbon footprint
include the use of energy-efficient appliances and lighting, public transportation, envi-
ronmentally friendly transportation, and applications that can be used to reduce energy
consumption and reduce humanity’s carbon footprint. These measures can help humanity
reduce the negative impact of human activities on the environment and improve environ-
mental health by promoting environmental sustainability [15].

With most of humanity’s carbon footprint occurring where people live, the idea of
’smart cities’ is gaining momentum. Smart cities are urban areas where technology is used
and data is analyzed to improve the quality of life for residents and create a more efficient
and sustainable environment [16]. Smart cities unite technology, community, and people for
a better future. All the different dimensions of technological improvements, but especially
ICT, give the city the opportunity to have a creative, diverse, and educated population
and management by ensuring a link between the two dimensions to drive sustainable
expansion and improve the quality of life [17].

Throughout this paper, the organization and hierarchy will be the following. Section 1.1
is an introduction to smart cities. The purpose of Section 1.2 is to demonstrate the rela-
tionship between sustainability and smart cities. Section 1.3, how the concept of the paper
and gamification with an ICT system can attract citizens to support and use it is discussed.
Finally, Section 1.4 describes how such a complex system can be achieved technically.

1.1. Smart Cities

Smart cities have a long history, dating back to the 1970s when the first urban Big
Data project was launched in Los Angeles: “A Cluster Analysis of Los Angeles” [18].
Studies have been conducted around the world on smart cities that have reviewed and
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explored different perspectives and dimensions [19–25]. Smart cities are a type of city
management model that has gained worldwide attention due to the development and
spread of digital technology. The development of smart cities has led to the construction
of smart cities in many countries around the world. In 2006, the Singapore government
introduced the “Smart Nation 2015” plan, the South Korean government implemented its
plan to build “U-City”, a a smart city, and in 2011, the Netherlands also launched its “Smart
City and Planning and Construction for Amsterdam” program. In 2010, IBM proposed
“Smarter Cities” and built the first unified urban data management center in Rio de Janeiro.
China began building smart cities in 2012, and 277 sites (including cities, counties, and
municipalities) are currently designated as pilot projects [26]. Urban areas are experiencing
continuous improvements in smart city technologies that aim to improve citizens quality
of life, increase efficiency, and reduce the impact on the environment.

Major examples for those improvements are 5G connectivity, Internet of Things,
artificial intelligence applications, blockchain technologies, and so on. The deployment of
5G networks is set to revolutionize how cities function with its ultra-fast speed and low
latency for real-time data transmission, which is essential for smart city applications, such
as autonomous vehicles, traffic management, and remote healthcare [27–29]. The Internet
of Things (IoT) for Smart sensors is now used in traffic management, air quality monitoring,
waste management, and other applications [30–32]. Artificial intelligence for analyzing data
collected from IoT sensors is providing insights that assist city officials in making informed
decisions [33–35]. Blockchain technology can improve the security and transparency
of smart city systems. This technology can help protect personal data, prevent fraud,
and ensure the integrity of transactions [36,37]. Smart grids are being developed to help
manage energy consumption in cities more efficiently by using advanced analytics and
automation to optimize energy usage and reduce waste [38,39].

One such improvement implemented for smart city solutions is MaaS, which stands
for Mobility as a Service and involves the integration of different modes of transportation
such as busses, trains, cabs, and car-sharing services into a single system accessible via a
single integrated digital platform and payment method [40]. It is important to adapt the
implementation of MaaS to the specifics of the place where the service is to be provided
in order for the service to be successful. Multimodality, infrastructures, regulations, user
goals, and user willingness to use and pay for MaaS services must all be considered when
determining a city’s maturity [41]. The MaaS concept is reflected in the reduction of
dependence on private cars [42] and has gained attention as a strategy to reduce emissions
by promoting the use of public transit as part of a strategy to manage transportation
demand and support environmental sustainability [43].

Moreover, MaaS systems can reward users for choosing sustainable modes of trans-
portation or provide discounts to encourage environmentally friendly behaviors. Users
who agree to walk or bike more often or use public transit less often can receive discounts
on public transit fares or car-sharing rates or other promotions and support from sharehold-
ers through a MaaS platform. Citizens are an essential part of the process of smartification
and sustainable development of cities, as they need to adopt, understand, and interact with
the technologies that enable the digital transformation of societies, cities, and public admin-
istration. Therefore, technology adoption is crucial for creating smart and citizen-centric
cities. This is even more challenging in small cities, which suffer from aging populations,
desertification, lack of infrastructure, and above all, the digital divide [44]. Providing
sustainable and transferable transportation options to communities and individuals in
convenient, accessible, and affordable ways has the potential to encourage environmentally
friendly behaviors.

1.2. Sustainability in Smart Cities

A sustainable approach to managing natural resources such as fresh water, energy,
land, and biodiversity involves allocating and using limited resources in ways that meet the
needs of current and future generations. It also includes finding more efficient ways to use
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resources, protecting and conserving them, and exploring alternatives to resource use [45].
To effectively manage scarce environmental resources, it is important to understand the
environmental, economic, and social factors that influence the availability and use of
these resources. Policy, regulation, and other measures can be used to manage resource
use and promote sustainability [46]. The carbon footprint is primarily caused by the
greenhouse gasses that humans emit into the atmosphere to produce energy. As a result
of these emissions, climate change poses a major threat to environmental sustainability as
mentioned before [47,48]. Reducing humanity’s carbon footprint is critical to preserving
the environment for future generations. Through efficient energy use and conservation,
the use of renewable energy sources, shifting from high carbon footprint activities to low
carbon footprint activities, and reducing the use of fossil fuels in transportation and other
emission generating activities in smart cities that contribute to carbon emissions, this paper
focuses on improving energy efficiency and conservation through energy efficient vehicles,
transportation, and reducing emissions caused by transportation.

As a smart city strives for environmental sustainability, its target audience is its
customers and citizens. Customers and citizens have to make some decisions based on
their needs and requirements to achieve their goals. Nevertheless, some approaches to
environmental sustainability do not fit into the customers’ comfort zones, especially those
related to mobility and transportation. Replacing the exclusive or unnecessary use of private
vehicles with public transportation or even carbon-free alternatives, such as walking and
biking, requires a positive attitude toward customer behavior and an understanding of
green approaches.

1.3. Citizen Behaviors for Sustainability in Smart Cities

Green products, programs, and approaches to environmental sustainability are devel-
oped and promoted through green marketing. Green customer value refers to the perceived
benefits that customers derive from environmentally friendly and sustainable products
and services. Moreover, consumers who exhibit environmentally conscious behaviors
make choices and take actions that result from their concern for the environment. Green
marketing (GM) and green customer value (GCV) contribute to environmentally conscious
consumer behavior (ECB), and PEB’s are key factors to consider in behavioral approaches to
achieve successful goals [49]. In green marketing (GM), products or services are marketed
on the basis of their environmental benefits or features. The use of eco-labels, promotion
of energy efficiency, or promotion of sustainable materials are examples of this type of
marketing [50]. Green customer value (GCV) refers to the value that environmentally
conscious consumers place on products and services that are environmentally friendly.
In addition to having an environmental benefit, such as reducing carbon emissions or
reducing waste, this value may also reflect factors such as social responsibility as well
as ethical considerations [51]. The term “pro-environmental behavior” refers to actions
taken by individuals or organizations to reduce their environmental impact [52]. Recy-
clables, energy-efficient products, and the use of public transportation are some examples
of these behaviors. Eco-conscious consumer behavior (ECB) refers to consumer attitudes
and behavior that take into account how they affect the environment and make purchasing
decisions accordingly. There may be consumers who are seeking out products that are
environmentally friendly or sustainable, and they may be willing to pay a higher price for
products that align with their values [53]. These concepts are important for businesses and
marketers to understand in light of the increasing awareness of the environment among
consumers and their desire to purchase sustainable products and services. Businesses may
be able to attract and retain eco-conscious customers through the use of green marketing
strategies, as well as contribute to a more sustainable future through the adoption of such
strategies [54,55].

Four different types of PEBs were identified, including environmental activism, non-
activist behavior in the public sphere, environmental awareness in the private sphere,
and other environmental behaviors. Participating in environmental social movements,
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donating money, holding demonstrations, and signing petitions are also forms of PEB
in the public sphere [56]. In the public sphere, PEB refers to environmental behavior
that involves collective action, such as filing environmental complaints, participating
in environmental protection activities and organizations, and accepting environmental
protection policies [57]. In contrast, private-sphere PEBs focus on ecological protection
behaviors in citizen’s personal lives [58]. Purchasing, using, and disposing of household
and personal products has a significant impact on the environment, and it is included under
private-sphere PEB. Private-sphere PEBs include new energy vehicles, public transportation,
recycling, green consumption, and energy-saving behaviors [59,60].

Psychology explains attitudes, subjective norms, perceptions of behavioral control,
and the likelihood of engaging in a particular behavior using the Theory of Planned Behav-
ior. This model is often referred to as the ABC model because it considers personal attitudes
(A), subjective norms and perceived behavioral control as major factors (C) in determining
behavior (B) [61]. In addition to energy conservation, recycling, and environmentally
conscious purchasing, the ABC model has been applied to a variety of environmentally
friendly behaviors. Several interventions have been developed to increase the likelihood
of pro-environmental behaviors in individuals by understanding why some individuals
engage in more pro-environmental behaviors than others [62].

1.4. Enterprise Architecture for Smart City Applications

Generally speaking, Enterprise Architecture (EA) refers to the discipline of proactively
and holistically leading an enterprise response to destructive forces through identifying
and analyzing the execution of change towards the attainment of our desired business
outcomes and visions. To achieve such a complex and integrated sustainable system, a good
Enterprise Architecture is required for end-to-end MaaS implementation on a large scale.
Organizations are structured and operated according to an Enterprise Architecture (EA),
which is a conceptual blueprint. An Enterprise Architecture is intended to help determine
how an organization can achieve its current and future objectives in an efficient manner [63].
The practice of Enterprise Architecture involves analyzing, planning, designing, and even-
tually implementing the results of the analysis within an organization, provide a systematic
approach for the products, services, information systems, system of systems, or business
enterprises. Four well-known Enterprise Architectur’s are the Zachman Framework, the
Federal Enterprise Architecture Framework (FEAF), the Department of Defense Architec-
ture Framework (DoDAF), and the Open Group Architecture Framework (TOGAF) [64].
The Zachman Framework initially emerged in the 1980s as a two-dimensional 30-cell tax-
onomy for architectural descriptions [65]. The Federal Enterprise Architecture Framework
(FEAF) is a rather comprehensive EA guidance developed specifically for the U.S. Federal
Government in the end of the 1990s [66]. The Department of Defense Architecture Frame-
work (DoDAF) emerged in the mid-2000s as a common approach to architecture for the U.S.
Department of Defense (DoD) and represents an evolution of the earlier C4ISR framework
born in the 1990s [67]. The Open Group Architecture Framework (TOGAF) was created by
the Open Group in the mid-1990s from the materials of the earlier TAFIM framework [68].

The paper is organized in parts providing the information for understanding the
overall sustainability of the environment as described in the this introduction. The mate-
rials and methods section examines how to manage specific resources to reduce energy
consumption and reduce humanity’s carbon footprint through transportation with MaaS in
smart cities. How to achieve this goal with an ICT framework and an integration model
that incorporates citizen behavior are explained in the framework model and modules
section. Results and a case study for a sample metropolitan city demonstrate how the
system can be implemented.

2. Materials and Methods

This paper aims at environmental sustainability to reduce energy consumption and
reduce the carbon footprint of humanity in smart cities by using a MaaS solution. This
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is a mobility-as-a-service approach coupled with hyper-integrated ICT solutions, such
as blockchain, cloud computing, microservices-based software architecture, and fully
integrated web services, via API supported by DevSecOps practices and includes software
features based on green marketing (GM), green customer value (GCV), pro-environmental
behaviors (PEBs), and eco-conscious consumer behavior (ECB) approaches.

The theoretical framework for this work is based on the ABC and the PEBs, which
state that internal and external factors influence pro-environmental behavior.The ABC
model and the PEBs are both useful frameworks for designing products that are easy and
appealing to use and that provide users with a sense of control and reward for using them.
The idea of those frameworks supports the designed framework by a gamification which
engages users to do more than others and also a reward system protected by blockchain
infrastructure for their PEBs. Attitudinal factors are internal elements that include indi-
viduals’ views and opinions, while contextual variables are external elements that include
social norms, financial support, and institutional influences [69]. Actions that promote
the environment or reduce negative impacts on nature are considered environmentally
friendly behavior. Conserving natural resources, reducing energy consumption, reducing
waste, protecting biodiversity, and supporting environmentally friendly practices are all
examples of environmentally friendly behavior. Turning off lights when not in use, using
public transportation or a fuel-efficient vehicle, using reusable bags instead of disposable
bags, supporting environmentally conscious businesses, and participating in activities that
help the environment, such as recycling, are also examples of environmentally friendly
behavior [70].

In addition to caring about the environment and wanting to preserve natural resources
for future generations, environmentally friendly behavior can be motivated by moral
or ethical principles [69]. Researchers have found that pro-environmental behavior is
influenced by a number of factors, including personal values, social norms, perceived
behavioral control, and available resources and infrastructure. Developing policies and
strategies that encourage and support pro-environmental behavior can be facilitated by
understanding the factors that influence this behavior [71–73].

By providing convenient and affordable alternatives to owning a car, MaaS can be
a great way to combine MaaS and PEBs for sustainability, because it is more sustainable
than owning a car, and it provides convenient and affordable options for transportation.
Utilizing public transportation, carsharing, and active transportation (e.g., walking and
biking) with MaaS systems can make it easier for people to choose more sustainable modes
of transportation. The result is fewer cars on the road and fewer transportation-related
greenhouse gas emissions.

As mentioned earlier, there are many complicated and different systems for the end-to-
end solution. In order to implement a sustainable smart city MaaS solution and transform
urban transportation services, both the demand side of the transportation sector and the
supply side of the transportation sector need to be transformed from the perspective of all
stakeholders. Traditionally, urban services have been delivered in silos and isolated services
and applications using the traditional approach. Instead of the traditional management
model with functionally oriented service providers that rely on individual communication
of city residents with vertical silos that do not cooperate in the use of services, the smart
city approach requires that users receive an uninterrupted and holistic service based on
their transportation needs. In traditional governance models, urban services are delivered
through closed systems that are disconnected, resident-centric, and ineffective. They are
not open to innovation and cross-system integration and cannot respond quickly to changes
in city size, data sharing between application silos, streamlined data distribution and use,
levels of service delivery, and innovation by residents, technology vendors, and service
providers based on the smart city approach. Thus, for smart city solutions to be successful,
urbanization services must be user-centric, fully integrated and developed/improved
according to user expectations, and enhanced by new technologies.
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2.1. Proposed Enterprise Architecture Framework

To achieve environmental sustainability with MaaS in smart cities, the application
framework and interoperability model must be adaptable to citizens’ daily routines.
As mentioned earlier, sustainability and pro-environmental behavior are closely related,
as eco-friendly behaviors can contribute to the long-term sustainability of natural resources
and ecosystems. Eco-friendly practices can be adopted and consumed by individuals,
organizations, and communities to reduce negative ecological impacts and promote the
long-term sustainability of natural systems. A recent study shows that it is possible to
adopt environmentally beneficial technologies and products that are new to the market
(called eco-innovations), such as electric cars or cultured meats, or to adopt new forms of
activities to mitigate new environmental threats, such as using public transportation rather
than private cars or following new environmental regulations [74].

Figure 1 shows the high-level architecture of the proposed framework with hyper-
integrated service architecture. As you can see from the figure, the high-level architecture
enables various integrations, starting from IoT sensors for smart city applications that sup-
port and provide information such as air quality, noise level, traffic congestion, availability
of green vehicles, such as e-scooters and e-bikes and their battery level for travel planning,
etc. The architecture also connects blockchain services via a dynamic hub that allows the
system to use public and private blockchain services seemingly seamlessly. Users have the
ability to access the system through a mobile application, as the majority of users will be on
the go while using the application. However, for back-office users, reports, logging, system
definitions, campaigns, rules, and settings, the traditional enterprise web applications
are available.

Figure 2 shows the technical perspective of architecture as a functional approach.
The functional approach includes all the detailed DevSecOps practices, such as gover-
nance, cybersecurity, log management, regulation engine, authentication, single sign on,
microservice-based continuous integration and continous delivery approach, scalability,
and usage capabilities. Since these technical details are broad technical issues and are not
the focus of the paper, the details are explained as a resource. To achieve this, such an
integrated system should meet the key requirements and features explained in the figures
and satisfy certain conditions, which are listed below in alphabetical order;

• Achievable environmental sustainability goals;
• Distributed and flexible infrastructure for easy implementation;
• Easy integration of potential shareholders, policy makers and citizens;
• Easy maintenance with affordable technology requirements;
• Implemented governance and security;
• Interactive and attractive to users;
• Responsible practices for all sides;
• Respect for the sensitivity and priorities of users and shareholders;
• Support of social media to spread acceptanc;e
• Transparent operation with respect for privacy;
• User-friendly interface across different platforms for all parties as well as different

generations.

Because of these requirements and expectations, today’s ICT systems provide this
framework and interoperability model through the use of hyper-integration with microser-
vices via cloud services. The main modules are the gamification module, blockchain
infrastructure module, commodity exchange, rules and carbon calculations, and system
core integration module and support modules, such as security, governance, privacy,
and fraud.



Energies 2023, 16, 2480 8 of 22

Figure 1. Framework high-level architecture.

2.2. Modules
2.2.1. Gamification Module

Gamification uses game principles and mechanisms in non-game contexts to moti-
vate and engage people. Education, information studies, human–computer interaction,
and health are just a few of the areas where gamification has attracted the interest of
researchers, practitioners, and businesses [75].

A gamification approach to environmentalism encourages environmentally friendly
behavior by making it more fun and engaging [76]. There are good examples of different
gamification techniques for various areas, such as education [77] and training [78]. The use
of gamification can motivate people to recycle more, save energy, or get involved with the
environment. Gamification can also be used to create a sense of competition or community
around environmental goals in smart cities, which can increase motivation and support for
environmental actions [79].
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Figure 2. Framework functional diagram.

In many organizations today, gamification consists of points, badges, levels, and re-
wards. Businesses, marketing campaigns, websites, applications, online communities,
as well as school classes and college courses have proved to be effective and fun ways to
engage target audiences with game mechanics [80]. It is predicted that the gamification
market will grow by 27.4 percent between 2020 and 2025, reaching USD 30.7 billion in
value [81]. Some successful examples of gamification are Verizon Wireless increasing vis-
itors’ browsing time by 30 percent by using badges and points on its website [82], and a
gamified annual review experience was developed by LivingSocial, which resulted in over
90 percent of its users participating voluntarily [83]. Within the use of gamification in
business, four main types of gamification elements employees encounter are the use of
badges (71 percent), apps that score employee performances (59 percent), virtual or physical
rewards (56 percent), and leader boards (51 percent) [84].

A pre-research exercise conducted by the author and colleagues from the Turk-
ish–German University from Istanbul, Turkey, the University of Maribor and ACE Kıbla
from Slovenia, and the ZentralWeb GmbH from Germany in the EU funded the Erasmus+
Green Energy Skills for Youth Project which deals with the comprehensive collection of
‘green education’ programs and activities for youth aged between 13 and 25. The main
objectives of the project are to increase awareness and competencies of youth for green
energies so that they will master skills on climate change, ecosystem, energy production
and conservation, management of waste and recycling, pollution, carbon footprint, etc.
Mobile and web-based games support the education and training for young people in
green energy and environmental sustainability and awareness. The usability data has been
collected since 2017 from the games for badges and rankings. We also collected pre- and
post-surveys from users. The surveys included 128 young people from 3 different countries:
36 students from Turkey, 29 students from Germany, and 63 students from Slovenia who
took the trainings and also played the games. According to the feedbacks, the top three
types of games are action, arcade, and adventure games as their first choice. This is followed
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by trivia and puzzles in second place and simulations as their third choice. The ratios vary
between genders, education, and ages as well as their time for playing without a significant
model. This result illustrates that gamification requirements should be made player- and
user-specific within general parameters. With the addition of leader boards and badges
for these games, the attention and willingness to play and learn increased with different
ratios from 8 percent to 20 percent. This result was calculated by game playing time as well
as achievement points and scores from game servers. However, it is obvious that young
people play more when they are close to a badge or a level increase in the leader board.

As a result of the game research, a variety of game-like elements are included in the
proposed framework and gamification module to encourage and reward specific behaviors,
such as points, badges, leader boards, and other game-like elements for environmental
sustainability goals. Gamification can be integrated into smart city applications through the
use of framework technology, mobile native apps, and project websites or more traditional
methods of education and outreach. This is because gamification holds great potential as
a tool to encourage environmentally friendly behavior and support the adoption of more
sustainable practices in MaaS applications. The framework supports the following features
for gamification purposes: citizens can collect rewards, points, badges, leader boards,
and direct carbon sustainability coins from the system by using the following methods;

• Scenarios as a series of events to be completed or achieved, such as using a bicycle
at least once a week, switching from private to public transportation, using electric
vehicles for a certain distance, checking in and out of special venues, and so on;

• Supported scenarios and events of shareholders and sponsors using the MaaS system
in combination with campaigns;

• Social impact, society jobs and duties, performing outreach and raising awareness;
• Events and attractions, such as attending a sponsorship event, seminars, training,

online training, information gathering related to carbon footprint, environmental
sustainability, pollution, global warming, habitats and biodiversity, etc.

2.2.2. Blockchain Infrastructure Module

Blockchain is actually a distributed ledger database or registry that is accessible to all
authorized participants. The ledger or database records every transaction of all participants.
Through this registration process, a chain is created by taking information from the block to
which it is to be added. To change a record in this chain, all records up to that record must
also be changed. Because of this distributed architecture, blockchain servers keep records
anonymous so that in the event of a dispute or disagreement, the correct record is always
stored. Blockchain servers are used for verification and control to ensure that consensus is
reached. During all these stages, records and transactions can be encrypted according to
the blockchain algorithm [85]. There is a lot of speculation about blockchain technology
today, as it is an infrastructure technology that is also mixed with cryptocurrency processes
and cryptocoin markets. A well-known cryptocurrency called Bitcoin was introduced to
the world as a digital currency in the paper Bitcoin: A Peer-to-Peer Electronic Cash System,
which is also based on blockchain infrastructure [86].

However, the use of blockchain infrastructures is completely safe and free from spec-
ulation. The main reason for implementing such blockchain architecture is to create
transparency, distributed security, and globalization for carbon markets and carbon coins.
There are several examples of blockchain use in education, healthcare, and financial ser-
vices [87–89]. There are a number of different technologies used in the implementation
of the blockchain module in the framework, using two major blockchain ecosystems.
Ethereum and Hyperledger are two major ecosystems to implement practical private and
public blockchain infrastructure. A smart contract is a computer program that is stored on
a blockchain and is designed to execute when certain conditions are met [90]. Program-
ming languages, such as Solidity, are commonly used, and blockchain networks, such as
Ethereum, are commonly used to deploy them. In addition to being secure, transparent,
and immutable, smart contracts have a number of other advantages [91]. All network
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participants can see the execution of a protocol once it has been deployed on the blockchain,
and they cannot be altered or deleted once they have been deployed [92].

In the proposed framework, blockchain modules implement cryptographic techniques
to secure data on the blockchain and verify transactions based on selected ecosystems,
and distributed ledger technology enables decentralized storage and management of
data on a blockchain, allowing multiple parties to access the same information without a
central authority. In this way, the system and framework do not need a central authority
to be successful. Since humanity has a world with many different countries, policies,
laws, and agreements, a system without central authority is much more sustainable. All
transactions in the framework, such as gamification processes, carbon credit revenues,
rewards, mobility offers, personal choices for a low carbon footprint, sponsorship events,
badges, promotions, and events, are stored as smart contracts. Smart contracts ensure
that transactions are executed according to the predetermined rules and conditions in the
proposed framework, which makes them more secure and reduces the risk of fraud or
errors. The rules and conditions are also used to enforce the contract terms through an
automation process of the framework. Since there are many potential users, the system
shareholders need a consensus algorithm that ensures the integrity and security of the
blockchain by allowing participating server nodes to agree on the validity of transactions.
Blockchain interoperability protocols within the framework enable cross-chain transactions
and the creation of hybrid blockchain systems by allowing communication and exchange
of data between blockchain systems between modules.

2.2.3. Commodity Exchange Market, Rules, and Carbon Calculations Module

To combine gamification with real-use cases, scientifically accepted and explainable
measurement and counting systems are required. The system consists of different dimen-
sions, and the formulas for the calculations vary from smart city to smart city, as do the
MaaS services, even depending on the time zone. This module calculates the points and
credits required for carbon trading, bartering, discounts and promotions, gamification
points and rewards, free-to-use goods, and transactions for framework coin wallets. Since it
is all about environmental sustainability and the framework focuses on emissions, a carbon
credit is a unit of measurement used to quantify and reduce greenhouse gas emissions.
Governments and businesses often use them to reduce carbon footprints and mitigate the
negative effects of climate change.

Carbon credits represent a reduction in carbon dioxide emissions or their equivalent
in other greenhouse gasses. Carbon markets, such as the European Union Emissions
Trading System (EU ETS) and the Chicago Climate Exchange (CCX), allow carbon credits
to be bought and sold. The two main types of carbon credits are compliance credits and
voluntary credits. Compliance credits are used by governments and companies to meet
mandatory emission reduction targets. On the other hand, voluntary credits are purchased
by individuals or organizations who wish to offset their own emissions or support emission
reduction projects. Our framework offers both mandatory and voluntary credits.

A voluntary carbon credit is a carbon emissions reduction credit that individuals or
organizations purchase to offset their own carbon emissions and can be used for com-
modity exchange and gaming purposes in the system. The credits are not purchased to
meet mandatory emissions reduction targets but to reduce an individual or organization
carbon footprint or support sustainability initiatives in the system. Some examples of
voluntary carbon credits in this module include renewable energy credits, such as for using
electricity in MaaS systems; carbon offset credits, such as for switching from private vehi-
cles to public transportation or zero-emission alternatives; verified carbon standard (VCS)
credits provided by sponsors, municipalities, and government agencies in smart cities; and
gold standard credits for meeting the highest standards for sustainability, environmental
sustainability, and social and economic benefits for the smart city.

On the other hand, carbon credits are used by governments, cities, and companies to
meet mandatory emissions reduction targets. These are the shareholders of the system to



Energies 2023, 16, 2480 12 of 22

benefit from the results and environmental sustainability of the system aimed at national
or international agreements such as the Paris Agreement or other national or regional laws
and regulations, such as credits from the European Union Emissions Trading System (EU
ETS), credits from the Kyoto Protocol, credits from the Clean Development Mechanism
(CDM), and credits from the Regional Greenhouse Gas Initiative (RGGI).

2.2.4. System Core Integration Module

The integration module integrates activities within a city and between shareholders,
and the system is also used for national and international collaborations, as well as for the
integration of sensors, data analytics, and the Internet of Things (IoT). It is a fully managed
protocol system that includes fail over approaches, real-time tracking and monitoring
systems, relational database system integration for regular software engineering best
practices, and blockchain implementations.

This geo-redundant cloud-based architecture operates as a PaaS system with a hyper-
converged approach. All smart city data center components are tightly integrated and
optimized for collaboration and managed by a software platform framework. A hyper-
integrated and hyper-convergent architecture enables easy scaling up or down as new
cities, new activities, and new stakeholders want to collaborate, resources can be quickly
and easily added or removed as requirements change.

2.2.5. Support Modules and Algorithms

Enterprise-level ICT approaches are provided in the framework support modules.
Examples include fraud detection and the introduction of greater enterprise level cyberse-
curity. Detecting fraud usually involves using advanced analytics and machine learning
algorithms to analyze large volumes of data to find patterns, anomalies, and other in-
dicators of fraud [93–95]. Especially in gamification and voluntary carbon credits, any
fraudulent or dishonest activity should be detected within these modules. In addition,
developing comprehensive cyber security strategies and practices is crucial to reducing
cybersecurity risks, and protecting cities against cyberattacks and threats is crucial [96,97].

2.3. The Formulation of Activities for Gamification and Smart Contracts

The formulation of any activity for the gamification and smart contracts for the MaaS
for a smart city is calculated by a multi-criteria and multi-objective function. This paper
aims to propose a framework and module interoperability, so numerical values for compu-
tation parameters are not included as they may belong to other research studies. In spite of
this, a case study section has been provided as an example of a calculation approach. All
these parametric fields are not mandatory and can be flexibly evaluated or excluded for
different purposes, goals, and cultures. It is quite normal that the goals and expectations of
a tourist city and a city with industrial production are different in terms of sustainability.
The activity credit value is then calculated using the following formulation;

f (x, JSON f ile) = (CBAA + CVCC + CCSI + CCEPI + CCESI + CCPTI + CCDI + CCTI + CCCKI + CSI)x + CActivity (1)

Activity parameters are transferred in a JSON file. JSON (JavaScript Object Notation)
is a lightweight data interchange format that is easy for humans to read and write and easy
for machines to parse and generate. JSON data are represented as key-value pairs, where
the keys are strings, and the values can be any valid JSON data type, such as a string,
number, object, array, boolean, or null. The system offers to use JSON Schema for the
application, a vocabulary that allows shareholders to validate JSON data against a defined
set of rules for the system. JSON is used for transferring all the index and attribute values.
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2.3.1. Activity-Specific Parameters

x: This is an activity metering numerical values, such as distance, duration, time,
carbon cost, etc. Since x is a required field, it is shown outside the JSON file. Normally, it
will be transferred within the JSON.

Base Activity Attribute (BAA): This is the multiplier measurement value for the
calculation, such as the traffic intensity, weather status, temperature, and the time of day to
use the system.

Switching Index (SI): Switching costs for low-carbon products or services refer to
the costs associated with switching to products or services with a lower carbon footprint.
Learning costs for new products and services and fees or penalties are associated with
terminating existing products and services, so citizens may need to be encouraged to leave
their comfort zone. It is important to note that the costs associated with switching can be
a significant barrier to adoption. This is especially true for individuals and organizations
with an already high standard of living. The switching index is also required for the referral
system in conjunction with the comfort level. Switching from a private car to crowded
public transportation during rush hour should be different than switching from an e-bike
to an e-scooter.

Activity Constant Parameters: This is a specific activity related to the activity generated
by sending all required information in a JSON to an integrated web API function. They
include mplementing dynamic rules related to the activity, verifying that certain conditions
are met, such as verifying the time of day, location zone, activity prior to the request,
or image processing, by the rules engine that verifies that safety equipment and wearing
reflective gear is visible on a selfie taken with the mobile application.

2.3.2. City-Specific Parameters

For metropolitan cities with high population and traffic activity, these data may be
very high, but for coastal tourism cities with seasonal and seasonal visitors, they will be
different. In a city with high carbon sequestration capacity and abundant trees and water
resources, a net zero carbon target approach might differ from one in a fully built city. It is
possible to support the user in using the system with different parameters depending on
what kind of city they live in.

City Specific Index (CSI): The multipliers for the city index constants are dynamic
values for cities, city regions, time of activity, such as rush hour, and high-energy-demand
time zones, weather, renewable energy production capacity, and similar indices to improve
the adaptability and usability of the system.

City Environmental and Pollution Index (CEPI): The index measures and evaluates a
city’s environmental quality and sustainability, such as air and water quality, greenhouse
gas emissions, waste management, air pollution, water pollution, noise pollution, and other
environmental factors. Some examples of this index are the Air Quality Index, the Water
Quality Index, and the Noise Pollution Index.

City Environmental Sustainability Index (CESI): The index measures and evaluates the
sustainability of a city, including economic and social factors. Some examples of this index
are the Global Cities Index, the Arcadis Sustainable Cities Index, and the Green City Index.

City Public Transportation Index (CPTI): The index measures and evaluates the quality
and accessibility of public transportation in a city, such as the availability and reliability
of different modes of transportation, the efficiency of the transportation system, and the
level of service provided to users. The number of public transportation modes available,
frequency of service, service area, number of trips provided for MaaS, speed and reliability
of service, and customer satisfaction are measured. Some examples of this index are Transit
Score and the Public Transport Accessibility Level (PTAL) Index.

City Demography Index (CDI): The index measures and evaluates the characteristics of
a city’s population, such as its size, age structure, racial and ethnic composition, and other
demographic characteristics. Population size and density, age distribution, sex ratio, racial
and ethnic diversity, income level, education level, and employment status are measured.
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Some examples of this index are the United Nations Development Program’s Human
Development Index and the United States Census Bureau’s American Community Survey.

City Technology Index (CTI): The index measures and evaluates the technological
infrastructure and level of adoption in a city. It typically consists of a set of indicators
that reflect the availability and use of different types of technology, such as broadband
Internet, mobile coverage, and other digital technologies. Some examples of this index are
the Broadband Quality Index and the Digital Capital Index.

City Culture and Knowledge Index (CCKI): The index measures and evaluates the
knowledge and cultural resources of a city. It usually consists of a set of indicators that
reflect the availability and quality of educational and cultural facilities, as well as the level
of cultural participation and engagement of the city’s population, reflecting its adaptability
to the framework. Some examples of this index are the Global Cities Education Network
Index and the Cultural Vitality Index.

2.3.3. Policy-Specific Credit Parameters

Voluntary carbon credits (VCC): This is the multiplier for the credits that are constant
for carbon credits for transactions as defined by local authorities, sponsors, and events.

Compliance credits (CC): The transaction multiplier is set by the international and
national authorities and company policies, such as withholding taxes or fees, salary promo-
tions due to carsharing, and carsharing or cycling to work.

An unfair advantage over other users can be gained by cheating, manipulating game
mechanisms, or exploiting vulnerabilities in the system. To protect the system and the
model, cheating should be avoided to improve the user experience. Recommendation
systems (RS) filter out information and suggest items of interest to users based on their
preferences for MaaS [98]. The framework also has a recommendation system that suggests
different MaaS alternatives for citizen transportation needs. Depending on different activity
types as mentioned below, the framework recommendation system offer alternatives to
the users;

• Direct Activity: A direct activity includes mobility and transportation activities in the
MaaS system. Direct activities can be organized as single activities or as a sequence of
activities, such as starting mobility with public transportation, such as the subway, then
transferring to a public bus, using an e-scooter, and finally walking to the destination.

• Indirect Activities: Indirect activities do not include physical contributions through
transportation, but they do include education, sponsorship of events, volunteer tasks,
participation in seminars, social media activities, and information gathering. Direct
activities can be organized individually or in a sequence or mix of activities, such as
participating in an online seminar on carbon footprint, posting sponsor or government
events on social media, reading a QR code from a billboard, or participating in a sports
activity within a month.

• Hybrid Activity: Hybrid activities consist of both direct and indirect activities in a
sequence or mixed sequence.

The recommender system algorithm is given in Algorithm 1. As be can seen from the
algorithm, a constraint checker service is implemented before and after the selection of
activities, which independently checks the rules, regulations, and principles. The system
organizes hyper-integration with synchronized microservices within the system, as well
as connection to service providers and shareholder cooperation services. For example,
a discount for a service provided by the city, such as transportation, natural gas bill,
property tax, or even a simple treatment from sponsors, can be organized, controlled,
and distributed with these integrated systems.
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Algorithm 1 Activity Recommender System

Require: jsoncnstr . Constraints as time constraint, switch-over sacrifice constraint,
max-min stops/changes etc.

Require: jsonad . Activity details as MaaS mobility sequence
Require: jsonus . User status as current location, demographics, targets, badges,

campaigns etc.
Require: typeactivity . 1: Direct, 2 : Indirect , 3 : Hybrid

checkenum−status ← f alse
creditdirect ← 0
creditindirect ← 0
if typeactivity =1 then

DIRECTCREDITACTIVITY(jsoncnstr,jsonad,jsonus)
else if typeactivity=2 then

CHECKCONSTRAINTS(jsoncnstr,jsonad,jsonus)
else if typeactivity=3 then

HYBRIDCREDITACTIVITY(jsoncnstr,jsonad,jsonus)
end if
procedure INDIRECTCREDITACTIVITY(jsoncnstr,jsonad,jsonus)

while checkenum−status is true do
CHECKCONSTRAINTS(jsoncnstr)
json=jsoncnstr+jsonad
creditindirect=APICALL(json)
return creditindirect

end while
end procedure
procedure INDIRECTCREDITACTIVITY(jsoncnstr,jsonad,jsonus)

while checkenum−status is true do
CHECKCONSTRAINTS(jsoncnstr)
json=jsoncnstr+jsonus
creditindirect=APICALL(json)
return creditdirect

end while
end procedure
procedure HYBRIDCREDITACTIVITY(jsoncnstr,jsonad,jsonus)

while checkenum−status is true do
CHECKCONSTRAINTS(jsoncnstr)
json=jsoncnstr+jsonad+jsonus
creditindirect=APICALL(json)
return creditdirect+creditindirect

end while
end procedure
procedure CHECKCONSTRAINTS(jsoncnstr)

. for each constraint in the json check the status from hyper integration API’s, like
time

if tconstraint ≥ testimated−to−complete−activity then checkenum−status = false
else if thencheckenum−status = true
end if
return checkenum−status

end procedure
procedure APICALL(json)

return Calculated Value JSON API
end procedure

Collaborative filtering, carbon footprint-based filtering, and hybrid approaches can
be implemented in this module. Mobile and native web applications that simulate citizen
locations, from and to destinations, time and other constraints, user preferences, habits,
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dynamic scoring and gamification approaches, bundled services, asset availabilities, value-
added shareholder services and recommendations, and carbon calculations and present
them to system users to choose between different MaaS alternatives. Service provider and
shareholder back-office systems also provide a similar approach from their perspective to
set rules, adjust constraints, and implement new alternatives.

3. Results and Case Study for the Framework

The city of Istanbul, which has a suitable technological and communication infras-
tructure as well as alternative transportation options, is first and foremost necessary for
the verification and successful functioning of this system. An adaptable, dynamic, envi-
ronmentally sensitive potential user population that can utilize the proposed system is
selected, as well as an individual who believes in smart city processes and has implemented
projects in this regard. Istanbul is the fifth-largest city in the world, with more than 18
million residents, nearly 2 million students, and nearly 5 million vehicles. The economy
of Istanbul surpasses that of more than 130 countries. The city has a variety of public
transportation options, including the metro, railways, light rail, public buses, metro buses,
sea buses, and ferries. In addition, there are three bridges over the Bosphorus channel
and one underground tunnel. The city also offers city bikes, e-scooters, and shared car
service providers, making it a good PoC proof of concept approach for MaaS. Currently,
municipality transportation systems have a payment-only based MaaS infrastructure based
on the Istanbul Metropolitan Municipality (IMM) RFID Card. However, this system is not
connected to e-bike, taxi, and scooter rental companies [99].

As can be seen from Table 1 and the min/max normalized values of the data from
Figure 3, traffic intensity affects air quality indicators and creates a cycle during the day.
As part of the sustainable environment approach, more emission-free vehicles and trans-
portation alternatives are sought to reduce traffic. The data are taken from the open data
platform for June to August to exclude emissions caused by fossil-fuel-fired space and
house heating and extra traffic caused by school services.

Table 1. Air quality indicators and traffic density for Istanbul June–August 2022 for selected city
center [100].

Hour CO (µg/m3) NO2 (µg/m3) NOX (µg/m3) NO (µg/m3) Traffic Level

5 785.2 33.1 73.3 21.4 1
6 780.9 33.4 73.6 21.2 2.5
7 789 42.8 110.7 38 2.8
8 836.8 52.6 159.3 62.6 4.9
9 874.8 52.4 163.7 66 4.6
10 862.6 50.4 151.9 59.4 4
11 815.8 46 127 46.7 4.2
12 779.9 44.4 113.3 38.8 4.3
13 771.1 43.8 107.3 35.3 4.3
14 771.4 44.5 107.3 35.1 4.8
15 782.3 46.2 110.6 36.1 5
16 785.8 48.9 116.9 38 5.3
17 803.7 50.5 120.1 38.8 5.6
18 840.7 56.4 137.7 45.8 5.9
19 908.3 61.8 160.2 55.9 6.3
20 938.7 64.1 162.1 55.6 5
21 955.8 62.8 152.6 50.6 3.4
22 961.6 61.7 147.3 47.7 3
23 961.7 60.3 145.4 47.5 2.5
0 951 57.2 133.8 42.1 2.2
1 943.4 53.9 128.8 41.2 2
2 925.8 49.3 121.1 39.7 1.5
3 864.1 41.3 97.1 30.2 1.3
4 801.1 35.3 77.9 22.5 1
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Figure 3. Normalized air quality indicators and traffic intensity.

3.1. Activity Switching Scenarios

This section examines the possibility of providing alternative transportation as a
service in the context of two sample activity chains. Among these scenarios, the first
provides a viable plan for travel with a single person in a vehicle, which has the greatest
impact on traffic congestion as well as emissions. In the second alternative, alternative
transportation plans for a person who uses public transportation were evaluated. The basic
indexes of the city will be the same in both scenarios. For the scenarios, 3 basic time
spans are taken as can be easily seen in Figure 3 as morning rush hour 7–10, midday
11–17, and afternoon rush hour 18–22 h. The zones can either be selected with more
intermittent time spans or can be obtained directly from an open data service provided by
the city, which is not the purpose and scope of this study.

3.1.1. Parameter Setting

The parameters for calculating the activity credit are selected from fuzzy-like scale
multipliers. In fuzzy domain scales, the multipliers are not numerical but consist of
linguistic terms such as “very low”, “low”, “medium”, “high”, and “very high” for the city
sustainability plans. The terms are not defined precisely but are meant to be interpreted by
city decision makers understanding the city sustainability priority plans. Since the system
is hyper-integrated and complex, such simplification is preferred for better implementation
for a case study. Each multiplier is then normalized and adjusted according to the activity.
However, as mentioned before, the system is not limited to using fuzzy-like scales; any
numerical approach can be used in the system.

3.1.2. Switching Scenarios and Plans

Table 2 shows a sample calculation for parameters. As mentioned, those values will
be different based on the city, user, and policies. However, switching from a private car to
public transportation can be offered as the highest impact parameters, but for the individu-
als already using public transportation, different supports and sponsor contributions may
be required. The change in the comfort zone will not be the same for every citizen, such as
voluntary carbon credits.
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Table 2. Switching scenarios and plans with sample parameters.

Scenario Morning Midday Afternoon Switching Index
(SI)

Voluntary Carbon
Credits (VCC)

Park the Car Continue with Metro/Bus High Medium Very High Very High High
Car Sharing High Medium Very High High High

Car to Public transportation twice a week High Medium Very High High High
Car to Public transportation once a week High Medium Very High Medium High

Public Bus to Metro Low Very Low Medium Medium Medium
Public Bus to Bike Medium Low High Medium Very High

Public Bus to Scooter Medium Low High Medium High

4. Conclusions

Smart cities use information and communication technologies to improve the quality
of life of their citizens by making the city more efficient, livable, and sustainable. Using
renewable energy sources, promoting sustainable transportation, and implementing energy-
efficient buildings will reduce greenhouse gas emissions and improve air quality in smart
cities. This will improve the quality of life for citizens by providing better urban services,
reducing congestion and pollution, and creating more livable and walkable neighborhoods.
By demonstrating their commitment to sustainability and innovation, sustainable cities
attract new business and investment, leading to economic development. In addition, smart
cities can help reduce social inequality by giving all citizens equal access to urban services
and public spaces.

Mobility as a Service (MaaS) combines a variety of transportation services into a single,
convenient package that can be accessed through a single platform, provider or cloud
service. These include public transportation, subways and buses, ridesharing, bike-sharing,
electric vehicles, carpooling, scooters, and other forms of alternative transportation within
the urban transportation network. For daily needs, getting to work, school, and social
events, MaaS makes getting around the city easier and more convenient. Thanks to Big Data
analytics, machine learning, privacy-friendly computing, and boundary applications, MaaS
can also reduce traffic congestion and air pollution, making efficient use of transportation
resources. This study is also focused on developing a computational model for calculating
the swapping, changing, and bartering activity that takes place in the MaaS ecosystem in
order to calculate the amount of assets moving through the ecosystem.

This paper presents a new Enterprise Architecture Framework and modules to achieve
a high level of MaaS for smart cities from an environmental sustainability perspective. Dy-
namic, hyper-integrated ICT systems with microservices provide end-to-end solutions for
all stakeholders. Gamification and blockchain infrastructure ensure system attractiveness,
usability, traceability, and scalability through distributed implementation. As a novel out-
come of this study, a computational model and a formulation is also proposed to calculate
the activity exchange values in the MaaS ecosystem for real sustainable implementation for
swapping, changing, and bartering for assets within the integrated system.

The objective of future studies is to numerically analyze results that lead to the identi-
fication of the most effective preferences of individual behaviors in gamification processes
to be applied to the given architecture. In addition, with the commissioning of the system
as a pilot, it is intended to create Big Data on the transportation alternatives proposed by
stakeholders in the ecosystem and the reasons for preference of these alternatives, as well
as to create suggestions and gamification models specific to individuals with artificial
intelligence algorithms, synthetic data, and simulation alternatives based on this data. In
addition, the objective is to evaluate the numerical results related to the reduction of total
carbon emissions with the most suitable estimation in MaaS processes using statistical
models based on the data to be collected.
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