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Abstract

The increasing number of Internet of Things (IoT) devices in smart cities has resulted in a significant rise in energy
usage. To promote sustainability and minimize environmental effects, it is essential to investigate green energy
options. This study examines the challenges related to IoT energy usage in smart cities and explores diverse green
energy solutions. It evaluates the benefits and drawbacks of solar, wind, and geothermal energy, along with energy-
efficient designs for IoT devices and centralized energy management systems. Furthermore, the paper underscores
the significance of policy frameworks and collaborations between public and private sectors in encouraging the uptake
of green energy solutions.
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1| Introduction

Smart cities, characterized by their integration of technology and urban infrastructure, are rapidly expanding
wortldwide. Internet of Things (IoT) devices enable smart city functionalities like transportation, healthcare,
and environmental monitoring. However, the increasing deployment of IoT devices has raised concerns about
energy consumption and environmental impact [1]—[3]. To address these challenges, sustainable and green
energy solutions are imperative.

Green energy technologies for internet of things smart cities renewable energy sources

I.  Solar power: Solar panels can be integrated into various urban infrastructures, including rooftops, streetlights,
and public transportation systems [4].

II. Wind power: Wind turbines can be installed in suitable locations, such as coastal areas or elevated structures.

ITI. Hydropower: Harnessing the energy of flowing water through dams, turbines, or micro-hydro systems.
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IV. Geothermal energy: Utilizing the heat from the Earth's intetior to generate electricity or heat [5].
Energy-efficient internet of things devices

I. Low-power wireless technologies: Adopting technologies like LoRaWAN, Sigfox, and Narrowband IoT
(NB-IoT) for reduced energy consumption

II.  Energy hatvesting: Utilizing ambient energy soutces, such as vibration, light, or temperature, to power loT
devices

III. Intelligent power management: Implementing algorithms and strategies to optimize power consumption
and battery life
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Fig. 1. Flowchart of smart energy.

Energy management strategies

I. demand response: Encouraging flexible energy consumption patterns to align with renewable energy
generation

II. Energy storage: Using batteries, flywheels, or other storage systems to store excess energy for later use
III. Microgrids: Creating localized power grids that operate independently or in conjunction with the primary
grid
2| Green Internet of Things
Almost all the sectors have been modifed and updated due to the massive transformation and advancement
in Information Technology (IT), with an increasing trend toward the 10T [0], [7]. Through IoT integration

and the connection of various gadgets to the internet, no human intervention is possible. The smarter the
world is becoming with all the smart technologies to modify the quality of life, the more burden there is on
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the environment due to the increased carbon footprint. The answer to this problem is only Green IoT (G-
IoT). G-IoT will aid in reducing emissions and pollution, which exploits environmental maintenance and
surveillance, and will also minimize the cost of operation and power consumption. In other words, it is a form

of power optimization that can help reduce the greenhouse effect [8].

Various domains are focused on G-10T, starting from manufacturing to consumption as well as planning and,
in subsequent stages, recycling and disposal, which impact the environment. Green society can be enabled
with G-IoT concerning energy utilization with different domains like smart ecosystems, smart cities, mobile
e-health, and smart networks. Discussing further, G-IoT combines innovative resources to minimize the
negative influence of IoT on the ecosystem. The main aim of G-10T is to reduce carbon dioxide and pollution
emissions to preserve the environment and optimize the cost of operation and power consumption. For a
safer environment, IoT's teduction of energy consumption is mandatory [9]. In the upcoming rapid
development of green information communication technologies, IoT is showing promising potential to boost
the growth of the economy and the sustainability of the environment. This upcoming technology will make
the world smart and environment-friendly.

The six key components of a smart city are smart transportation, smart lifestyle, smart economy, smart
ecosystem, smart citizens, and smart governance. Most sectors of urban expansion, such as government
functions, city procedures, delivery of services, and intelligent analytics, improve the services, production, and
usability by embedding Information and Communication Technologies (ICTs) and IoT [10]. The aim of smart
cities is focused on the reduction of carbon footprint, improvement in energy effciency, superior quality of
living ecosystem, more green areas, advanced infrastructure, and evolution of the city. The transition to smart
cities is complicated and in an omni-dimensional phase. Collective integration of technical, policy, structural,
and transitional components relies on city transformation. Smart cities with business prospects will provide

technology and information-based services for economic growth [11].
3| Smart City

The smart city concept was coined in 1994, and since then, the concept has been the topic of discussion.
Although the concept is quite discussed, there is no clear understanding of smart cities. As per common
insight, smart cities are innovative urbanization and smart concepts to tackle urban problems, especially with
the environment, houses, people, and their well-being [12]. Smart cities are also defned as places where
services are provided with effciency by utilizing technology for beneftting the people or the environment.
The expansion of smart cities improves citizens' lives, the environment's productivity, sustainability, and
safety, and technology can be monitored and operated centrally [13].

The six key components of a smart city are: 1) smart transportation, 2) lifestyle, 3) economy, 4) ecosystem, 5)
citizens, and 6) governance. Most sectors of urban expansion, such as government functions, city procedures,
delivery of services, and intelligent analytics, improve the services, production, and usability by embedding
ICTs and IoT. The aim of smart cities is focused on the reduction of carbon footprint, improvement in energy
effciency, superior quality of living ecosystem, more green areas, advanced infrastructure, and evolution of
the city [14].

The transition to smart cities is complicated and in an omni-dimensional phase. The collective integration of
technical, policy, structural, and transitional components relies on city transformation. Smart cities with
business prospects will provide technology and information-based services for economic growth [15].

4| Smart Cities with Green Internet of Things for Sustainable
Environment

Urban growth and city population are rising exponentially, creating numerous environmental, social, and
societal sustainability problems for cities. Congestion of traffc, weak infrastructure, health problems, resource

scarcity, instructive diffculties, poor infrastructure, rising rates of crime, fewer jobs, old structure, power
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larceny, supply link problems, inadequate capacity for power generation, an extraordinary loss of power in
transmission, regular power interruptions, and absence of real-time information division are such problems
[16]. Critical infrastructure and reserve supply restrictions generate problems for growing populations to
provide nutritious food, electricity, and clean water. Besides cost-cutting, standard changes to online facilities,
temperature change issues, economic rearrangement, and employment reduction, cities are under the burden
of public finances to reduce finances. Thus, smarter ways are important for people to handle urban problems

and face-lift city life, productive infrastructures, and value-added services [17].

Because of the lifestyle and quality of people's daily activities, a sustainable place must be built that takes care
of all stakeholders, enterprises, and government. Individuals will also have to play a role in creating a
sustainable living space and attempt to handle issues like weather change, natural resource exhaustion, and
biodiversity decline. The main goal of the G-IoT revolution is to advance the quality of life and safeguard the
world from these problems using technical advances [18].

G-IoT makes cities smarter by linking smart sensors, computers, cars, and infrastructure at all city locations.
G-I0T helps stakeholders reduce chemical emissions and water usage and improve the protection of life and
the health of human beings. G-IoT has two features for this smart city-making design:

I. Planning and developing G-IoT devices for improved networking setups and communication procedures and

maximizing the bandwidth through minimal energy usage.

II. Installing these G-IoTs and advanced technologies minimizes emissions of dangerous gases and enhances

living space.
5| Methodology

This conceptual paper focuses on the current knowledge of Smart cities’ readiness for G-IoT-enabled
sustainable practices. The researcher will focus on identifying and exploring how different empowering
technologies, like the internet, smart objects, sensors, etc., may be effectively utilized to attain G-IoT in smart
cities [19]. This research article will also evaluate numerous IoT frameworks, initiatives, and standardization
efforts currently under way and the potential issues to be tackled in the future to implement G-IoT for smart
cities.

The following objectives should be fulflled by literature reviews: first, a review must consolidate all the fndings
of the research by studying and fusing various pieces of literature of a particular research area to fnd the
research gap and act as a catalyst for upcoming research. Secondly, large amounts of data can be gathered by
reviewing appropriate literature, which will be reliable, precise, and can be retrofitted as per the requirement
[20]. Whenever G-IoT and smart cities come into the picture, people and ease of use are embossed as
emerging research thrust areas for the future.

The current research looks to answer the following:
1. The key concepts of G-IoT in smart cities.
II. What are the G-IoT sustainability practices for smart cities?
ITII. Readiness for G-loT-driven sustainability in smart cities.

IV. The key concept of G-IoT and sustainability.
6 | Green Internet of Things for Sustainable Traffic Control

G-IoT refers to integrating IoT technologies with sustainable practices to optimize resource utilization and
minimize environmental impact.

In the context of traffic control, G-IoT solutions can be categorized into three primary areas:

Smart traffic lights
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I. Adaptive Traffic Control Systems (ATCSs): Real-time monitoring of traffic conditions to adjust signal timings
accordingly
II. Vehicle-to-Infrastructure (V2I) communication: Enabling vehicles to communicate with traffic lights,
providing real-time traffic information, and optimizing signal timings
III. Green wave systems: Coordinating traffic signals to create a continuous green wave for vehicles traveling at a
specific speed
Connected vehicles
I. Cooperative Adaptive Cruise Control (CACC): Maintaining a safe following distance between vehicles and
reducing the need for frequent braking and acceleration
II.  Platooning: Grouping vehicles to improve fuel efficiency and reduce congestion
III. Vehicle-to-Vehicle (V2V) communication: Enabling vehicles to exchange information about their location,

speed, and intentions

Real-time traffic monitoring systems

I

1I.
I1I.

Sensor networks: Deploy vatious sensors (e.g., cameras, loops, ultrasonic sensors) to collect data on traffic
flow, speed, and congestion

Data analytics: Using advanced analytics techniques to extract valuable insights from the collected data

Traffic information dissemination: Providing real-time traffic updates to drivers through various channels
(e.g., mobile apps, variable message signs)

Future directions:

L

II.

II1.

Integration with other urban systems: Combining G-IoT with smart grids, buildings, and public
transportation systems for a more integrated and sustainable urban environment

Autonomous vehicles: Exploring the role of G-IoT in supporting the deployment of autonomous vehicles
and enhancing traffic efficiency

Advanced analytics and machine learning: Leveraging Al techniques to improve traffic prediction, congestion
management, and incident detection

7| Waste Internet of Things for Sustainable Management

The increasing generation of waste, coupled with inefficient management practices, has led to severe

environmental and public health issues. Traditional waste management approaches often lack the efficiency

and sustainability required to address these challenges. With their ability to connect physical objects to the

internet, 10T technologies offer promising solutions for optimizing waste management processes and

promoting a circular economy [21].

7.1| Waste Internet of Things Applications

Smart bins
I. Real-time monitoring of waste levels to optimize collection routes and reduce unnecessaty trips
II. Integration with payment systems for pay-as-you-throw schemes
III.  Integration with sensors to detect hazardous materials or recyclable items

Waste tracking systems

I.

II.

Tracking the movement of waste from generation to disposal to ensure proper handling and compliance
with regulations

Identifying leaks or unauthorized dumping
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III.  Optimizing waste transportation routes
Internet of things-enabled recycling facilities
I.  Automated sorting and separation of recyclable matetials
II. Real-time monitoring of facility opetrations and performance
III. Integration with waste tracking systems to ensure accurate recycling data
Waste-to-energy systems
I. Optimizing energy generation from waste through IoT-enabled monitoring and control
II. Ensuring efficient and safe operation of waste-to-energy plants
Challenges and opportunities:
1. Data privacy and security: Protecting sensitive data collected from IoT devices

II. Infrastructure costs: Investing in the necessary infrastructure (e.g., sensors, communication networks) for

Waste IoT deployment

III. Interoperability: Developing standards and protocols for seamless communication between IoT devices and

systems
IV. Public acceptance: Addressing privacy, security, and the potential for job displacement
Future directions:

I. Integration with other urban systems: Waste IoT can be combined with smart grids, smart cities, and public

transportation systems for a more integrated and sustainable urban environment

II. Advanced analytics and machine learning: Leveraging Al techniques to improve waste prediction,

management, and recycling efficiency

III.  Circular economy: Promoting a circular economy by maximizing resource recovery and minimizing waste

generation
8| Challenges and Opportunities in Smart Cities

Smart cities, characterized by their integration of technology and urban infrastructure, offer the potential to
improve quality of life, enhance sustainability, and promote economic growth. However, the transition to a
smart city is not without its challenges. This paper explores the key challenges and opportunities associated

with smart city development, comprehensively understanding the complexities involved.
8.1| Challenges

Data privacy and security
1. Protecting sensitive data collected from IoT devices and sensors

II. Preventing unauthorized access and data breaches
III. Ensuring compliance with data protection regulations

Digital divide

1. Addressing the gap in access to technology and digital skills among different socioeconomic groups
II. Ensuring smart city initiatives benefit all residents, not just the privileged few

Infrastructure costs

I. Investing in the necessary infrastructure (e.g., sensors, communication networks, smart grids) for smart city
development
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II. Balancing the initial costs with long-term benefits
Interoperability
1. Ensuring compatibility between different IoT devices and systems from various vendors
II. Developing standards and protocols for seamless data exchange
Public acceptance
1. Addressing concerns related to privacy, security, and job displacement
II. Building trust and transparency in smart city initiatives
Sustainability
1. Ensuring that smart city solutions are environmentally sustainable and reduce carbon emissions
II. Balancing economic growth with environmental protection
Governance and policy
1. Developing effective governance structures and policies to support smart city development

II. Addressing regulatory challenges and ensuring accountability
8.2 | Opportunities

Improved quality of life
1. Enhancing public safety and security through advanced surveillance systems
II. Improving transportation efficiency and reducing congestion
III. Enhancing energy efficiency and reducing carbon emissions
IV. Improving healthcare services and access to information
Economic growth
1. Attracting businesses and investments to smart cities
II. Creating new jobs and economic opportunities
III. Fostering innovation and entrepreneurship
Enhanced sustainability
1. Promoting sustainable practices in transportation, energy, and waste management
II. Reducing environmental impact and improving air quality
Improved governance
1. Using data and analytics to make informed decisions and improve public services
II. Increasing transparency and accountability in government
Social inclusion
I. Bridging the digital divide and ensuring all residents benefit from smart city initiatives

II. Promoting social equity and inclusion
9| Conclusion

Integrating IoT devices in smatt cities has significantly increased energy consumption. Green energy solutions
are becoming increasingly essential to address this challenge and promote sustainability. By leveraging
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renewable energy sources, energy-efficient IoT devices, and effective energy management strategies, cities can

reduce their carbon footprint and create a more sustainable future.

Key takeaways

I. Renewable energy sources: Solar, wind, hydro, and geothermal power can provide clean and sustainable

energy for IoT devices and infrastructure

II. Energy-efficient IoT devices: Adopting low-power technologies, energy harvesting, and intelligent power

management can reduce the energy consumption of 10T devices

III. Energy management strategies: Demand response, energy storage, and microgrids can optimize energy use

and integrate renewable energy sources into the grid

IV. Government policies and public-private partnerships: Supportive policies and collaboration between

governments, businesses, and research institutions are crucial for driving the adoption of green energy

solutions

Future directions

I. Advancements in renewable energy technologies: Continued research and development in solar, wind, and

other renewable energy sources to improve efficiency and reduce costs

II. ToT device innovations: Development of even more energy-efficient IoT devices and sensors

III. Integration of green energy solutions: Seamless integration of renewable energy sources and energy

management strategies into existing smart city infrastructure

IV. Public awareness and education: Raising awareness about the importance of green energy solutions and

promoting sustainable practices
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