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ABSTRACT

The suggested research study intends to investigate if it is feasible for the Sultanate of Oman to use kinetic energy as
a smart city effort to provide renewable energy sources. The project will concentrate on generating clean energy for
the city using several types of kinetic energy, such as wind power, hydroelectric power, and energy harvesting. The
research will analyze the environmental impact and potential benefits of this initiative for sustainable development.
The paper will also discuss the importance of smart urban planning in integrating renewable energy resources such as
the use of smart grids and other green technologies. The research will provide insights into how the how the Sultanate
of Oman can take advantages of kinetic energy as a variable alternative to traditional energy as a viable alternative to
traditional energy sources and contribute to the ongoing efforts to create sustainable and smart cities, and to support
the transition towards a greener and more environmentally friendly future.

Introduction

The reliance on non-sustainable energy sources is causing significant problems such as air pollution, climate change,
and the depletion of fossil fuels. In Oman, the economy heavily depends on oil resources, but with the decline in these
reserves, there's a pressing need to diversify, privatize, and industrialize the economy. According to the International
Energy Agency, Oman has made limited progress in adopting renewable energy sources. Solar energy is primarily
used for water heating systems in private houses and by the oil production industry for small equipment and steam
production. However, the country aims to reduce its dependency on diesel and gas and diversify its electricity
generation, as stated in the Annual Report of the Authority for Electricity Regulation.

To address this energy deficit and explore sustainable alternatives, one promising solution is harnessing the
energy generated by human walking. This concept involves utilizing the mechanical energy produced through body
vibrations, moving limbs, and interactions between the foot and the ground. The kinetic energy from people's footfall
may be converted into modest electrical power by using energy flooring tiles, a new technique. The tiles generate self-
sustaining energy by electromagnetic induction, where the weight of people walking on them forces the generators to
tilt vertically and produce a circular motion. Even though each step only generates a small amount of energy (about
five watts), when used in places with high traffic, such as shopping centers, schools, or offices, the total amount of
energy produced can be significant.

A notable example of the effectiveness of energy flooring tiles is their deployment during events like Bestival,
where over 250,000 footprints were tracked, and more than 1,000 cell phones were charged using the tiles.

In addition to energy generation, these tiles can also collect specific data and provide real-time movement
analytics. They have the capability to communicate with various mobile devices and building management systems,
adding further value to their implementation. The energy flooring tiles system offers a sustainable solution to reduce
the environmental impact caused by human activities. It not only generates clean and renewable energy but also
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contributes to the development of smart cities. Moreover, the use of recycled materials, particularly rubber and marine-
grade stainless steel, in the manufacturing process makes these tiles an environmentally friendly choice.
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Problem Definition

The main problem we're facing in Oman is our heavy dependence on non-sustainable energy sources. This reliance is
causing significant issues like air pollution, climate change, and the depletion of precious fossil fuels. Since our
economy heavily relies on oil resources, the declining availability of these reserves is posing a major challenge. It's
clear that we urgently need to diversify our energy mix, encourage privatization, and promote industrialization to
ensure our economic growth continues.

While there have been some efforts made in adopting renewable energy sources, Oman still lags behind in
this regard. Currently, solar energy is mainly used for water heating systems in private households and has limited
applications in the oil industry. This means we're not fully tapping into the potential of renewable energy to meet our
energy needs and reduce our reliance on non-sustainable sources.

The aim of this research is to address this pressing issue and explore viable strategies and technologies to
integrate renewable energy more extensively into Oman's energy landscape. We will conduct a comprehensive
analysis of the feasibility, benefits, and challenges associated with different renewable energy options, such as solar
power and wind power, among others. The goal is to develop a practical roadmap that outlines the steps needed to
accelerate the adoption of renewable energy and create a more sustainable and resilient energy infrastructure for Oman.

We can considerably lessen our negative effects on the environment, enhance air quality, and pave the road
for a greener and more sustainable future by confronting this issue head-on. The study's findings will help politicians,
energy experts, and other stakeholders make informed decisions and promote the required improvements in our energy
sector. We can create a greener, more sustainable Oman if we work together.

Scope of the Project

The goal of this project is to investigate and evaluate the viability of using energy flooring tiles as a long-term solution
to Oman's energy problems. In-depth investigation and analysis will be part of the study to assess the feasibility of
capturing kinetic energy from human walking. We will research the technological features of energy conversion,
sturdiness, and environmental adaptability of the tiles.

The effects of energy flooring tiles on the environment will be given particular attention. We will examine
how they help to reduce carbon emissions, air pollution, and reliance on unsustainable energy sources. Additionally,
taking into account the compatibility with various flooring materials and the necessary electrical connections, we will
look into the integration of these tiles into already-existing urban infrastructure, such as malls, schools, and offices.

Data gathering and analytics are another crucial component. We will investigate how energy flooring tiles
can gather precise movement information and provide real-time analytics. This will include assessing how well they
can communicate through mobile devices and building management systems.

The ramifications for society and the economy will also be looked at. We will evaluate how economically
advantageous it is to use energy flooring tiles, the possibility for creating jobs in the renewable energy industry, and
the overall influence on the growth of smart cities.

This project integrates sustainability principles throughout. In particular, the utilization of rubber and marine-
grade stainless steel recycled components in the production of the tiles will be examined. This will support a cleaner
and more sustainable future by making it easier to assess the environmental advantages. This project seeks to provide
useful insights into the viability, advantages, limitations, and possible use of energy flooring tiles in Oman by
performing in-depth research and analysis in these areas. The research will help with current initiatives to diversify
the energy mix, lessen environmental effects, and promote the growth of sustainable and smart communities.

ISSN: 2167-1907 www.JSR.org 3



" Journal of Student Research 6th Middle East College Student Research
Conference Proceeding

Objectives

1. Conducting an in-depth literature review of existing systems related to sustainable and renewable energy
generation.

2. Investigating strategies and tools for effective storage of the power produced by the pathway to guarantee a
steady and dependable energy supply.

3. Assess the feasibility of integrating the energy flooring tiles with other smart technologies, such as building
management systems and mobile devices, for data collection and analysis.

Materials/Resources Needed

Energy Flooring Tiles: Acquire an appropriate quantity of energy flooring tiles capable of converting kinetic energy
into electrical power. These tiles should be durable, slip-resistant, and compatible with the intended installation areas.

Electrical Components: Procure electrical components such as generators, copper coils, magnets, and
capacitors required for the energy conversion process. Ensure they meet the specifications and quality standards for
efficient energy generation.

Batteries: Obtain suitable batteries to store the generated electrical energy for later use. Choose batteries with
adequate capacity and longevity to provide a consistent and reliable power supply.

Electrical Wiring and Connectors: Gather the necessary electrical wiring and connectors to establish proper
connections between the energy flooring tiles, generators, storage units, and electrical devices. Ensure they meet safety
regulations and provide secure and efficient electrical conductivity.

Tools and Equipment: Assemble a set of tools and equipment required for the installation and maintenance
of the energy flooring system. This may include drills, screwdrivers, electrical testing equipment, and other relevant
tools.

Funding and Budget: Secure adequate funding or budget allocation to cover the expenses associated with
purchasing the materials and resources mentioned above. Consider factors such as quantity, quality, and any additional
costs for specialized equipment or customization.

Documentation and Reporting: Allocate resources for documenting the implementation process, including
progress reports, data collection, analysis, and any modifications or improvements made during the implementation
phase.

Literature Review / Study of Existing System

A New Pavement Energy Harvest System (March 2013)

Energy harvesting from pavement has surfaced as a considerable idea in the past years. With piezoelectric and
electromagnetic mechanisms, such energy that would've otherwise been exhausted is now transformed into viable
electrical energy. However, pavement energy harvesting still has a drawback in that an efficient rechargeable battery
storage system is absent, thus limiting its practicality.

Pedestrians and vehicles can generate electrical energy on urban roads with the innovative Waynergy system.
The system's effectiveness is evidenced by research showing that an individual's weight is the driving force behind
the amount of electrical energy generated. In fact, Waynergy is projected to produce sizeable amounts of electrical
energy from vehicles. Electric vehicles can have their batteries charged with the use of this electrical energy.
Additionally, it can be injected into the electricity grid or used directly for outdoor advertising, traffic lights, and
public lighting. It also has potential for general consumption.
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Promoting sustainability and low carbon initiatives can significantly reduce the consumption of fossil fuels
and improve the environment. One such solution is the development of a system that produces electrical energy from
the movement of numerous vehicles on roads. This type of pavement energy harvesting system aids in minimizing
carbon footprint and meets a growing need. Pedestrian crossings and speed control humps on urban roads were deemed
as ideal candidates for the installation of Waynergy systems in the authors' study. The research indicates that future
explorations of energy generated by these systems can provide further insight.

A Review of Walking Energy Harvesting Using Piezoelectric Materials (2017)

Harvesting energy from human footsteps has been gaining attention in recent years as a means of generating electricity.
The purpose of this literature review is to explore the different methods of harvesting footsteps and compare the power
output and potential applications of these methods.

One of the key differences between energy harvesters located on the body and those located within the
pavement slab is the power output. Body located harvesters depend on physiological parameters and can vary in power
output. However, pavement harvesters can provide a consistent power output, making them more desirable for certain
applications.

Piezoelectric transduction has been found to be the most desirable method for pavement located harvesters
due to its simple structure, flexibility in design and geometry, small sensor size, and ability to easily mesh with hybrid
materials. Although electromagnetic transduction can produce high output current, pavement harvesters prefer
piezoelectric technology.

When it comes to pavement energy collecting, there are four interconnected factors that influence whether
or not desired outcomes are realized. The first consideration when deciding on the kind of technology and its potential
impact on electricity production is the number of pedestrians. The kind of transduction should be chosen based on the
quantity of footfall and the services required. To maximize power production for various pavement applications,
further investigation into piezoelectric characteristics is required.

A potential concept for producing power from people's footfall is pavement energy harvesting. Pavement
situated piezoelectric transduction has been shown to be the ideal technique for several applications after analyzing
various approaches of gathering footfall and taking into account associated circumstances. To maximize the power
output of pavement energy harvesting for various applications, further study is required.

Methodology

We concentrate on creating a floor plan that seamlessly incorporates the technology into the flooring itself in order to
bring our cutting-edge technology to life. This guarantees a seamless fusion of practicality and beauty, resulting in a
setting that not only produces power but also has a pleasing appearance.

We focus on the critical process of choosing the best places for the storage units after the floor layout is
completed. In order to store the power produced by the floor tiles, these devices are essential. We come up with a
brilliant idea to discreetly place these storage units within the walls, utilizing the available space efficiently without
compromising the overall design.

To fully harness the electricity generated by the flooring, we establish direct connections between small
electrical devices, such as lights, and both the flooring and the storage units. This enables these devices to directly tap
into the electricity produced by the flooring as people walk on it. To ensure a smooth and controlled supply of
electricity to different components, we incorporate electrical circuit boards, capacitors, and logical gates into the
system. These elements, programmable and controlled through a laptop, provide the necessary intelligence and
flexibility to manage the electricity flow.
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Now, let's explore the technical aspects. As an individual's foot presses down on the floor, the board beneath
compresses from 5 mm to 10 mm in depth, triggering the generation of power. This impressive phenomenon, known
as electromagnetic induction, takes advantage of copper coils and magnets to convert mechanical energy into electrical
energy. Remarkably, each step produces an average of 2 to 4 joules of energy, resulting in an output of around 5 watts.
To put it into perspective, this amount of energy is enough to power an LED bulb for approximately 30 seconds. To
ensure a reliable power supply, we store the generated energy in batteries, which can then be used to power various
devices such as lights or speakers.

Beyond its energy generation capabilities, the flooring system boasts a unique triangular design that enhances
both power output and data capture. This thoughtful design not only increases the efficiency of energy production but
also seamlessly integrates into any environment. Thanks to its durability and easy installation, this technology can be
effortlessly incorporated into various spaces, contributing to a sustainable and visually appealing future.

Electrical Diagram

Energy Kinetic Energy ElectroMagnet
Flooring Tiles

Electrical Output

y
Electrical Output Batteries

Electrical
Devices

Figure 1. Presents an electrical diagram showcasing how the energy flooring tiles are interconnected with multiple
components. This configuration enables the creation and storage of electricity generated through kinetic energy.

SDLC Methodology

For this research paper, the Waterfall model would be the most suitable approach in terms of the Software
Development Life Cycle (SDLC). The Waterfall model follows a sequential and linear progression, which is ideal for
projects with well-defined objectives and a structured process.

In the case of this research paper, we can break it down into several distinct phases. We would start with the
initial phase of clearly defining the problem we aim to address in the paper. This would involve conducting an
extensive literature review to gain a comprehensive understanding of the existing knowledge and identify any research
gaps. With the problem clearly defined, we can then move on to planning the research activities and setting specific
goals and milestones.

Next, we would enter the design phase, where we would create a floorplan and detailed blueprints for the
placement of the Pavegen tiles in Middle East College. This would involve careful consideration of factors such as
traffic patterns, high-footfall areas, and connectivity requirements for the electrical connections.

Once the design is finalized, we would proceed to the implementation phase, where we would deploy the
Pavegen tiles according to the floorplan. This would include installing the tiles and establishing the necessary electrical
connections to capture and store the kinetic energy generated by the students' footsteps.
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With the deployment completed, we would move on to the testing phase, where we would rigorously evaluate
the functionality and performance of the Pavegen tiles. This would include monitoring the amount of power produced,
evaluating the system's effectiveness, and making sure that it achieves the intended goals.

We would next examine and evaluate the information gathered during the testing phase. We would
investigate the patterns of energy production, assess the performance of the Pavegen tiles at Middle East College, and
make judgments in light of our results.

We can guarantee a methodical and well-structured approach to the development of this study by adhering
to the Waterfall paradigm. Before going on to the next phase, each one would be finished, which would improve
project management and result in more trustworthy and significant outcomes.

Conclusion

As a smart city effort in the Sultanate of Oman, this research study seeks to examine the viability of employing energy
flooring tiles. The goal is to produce sustainable energy by using kinetic energy, notably from human movement.
These tiles provide a sustainable and clean energy option for the nation by capturing the mechanical energy generated
by foot traffic and converting it into electrical power. The study highlights the need to encourage sustainable growth,
minimize reliance on non-sustainable fuels, and diversify Oman's energy supply.

The paper demonstrates the possible advantages of energy flooring tiles via a thorough investigation. In high-
traffic places like schools, malls, and businesses, these tiles may provide a large amount of power while also offering
real-time movement data. These tiles' incorporation into already-existing urban infrastructure may aid in the creation
of smart cities, and the recycled materials they employ further increase their environmental friendliness.

Recommendations

Based on the research findings, several recommendations can be made:

1. Collaboration: Encourage cooperation among government agencies, academic institutions, and businesses to
install energy flooring tiles in different areas around Oman. Such partnerships would make it easier to share
resources, knowledge, and financing, which would increase the effectiveness and acceptance of this
technology.

2. Pilot Projects: To demonstrate the efficiency and advantages of energy flooring tiles, carry out pilot projects
in a few chosen educational institutions, shopping centers, or business buildings. These initiatives have the
potential to increase public support, increase awareness, and attract further funding for more extensive
deployments.

3. Policy Support: Create and put into effect laws and rules that encourage the use of renewable energy
technology, such as energy-efficient flooring tiles. To make it easier for them to integrate into the current
infrastructure, this might include financial incentives, subsidies, and faster approval procedures.

4. Research and Development: Encourage further research and development efforts to improve the efficiency,
durability, and cost-effectiveness of energy flooring tiles. This may involve exploring advancements in
energy storage technologies, enhancing data collection capabilities, and optimizing the design and
manufacturing processes.

5. Public Awareness and Education: Launch awareness campaigns to educate the public about the benefits of
renewable energy and the role they can play in contributing to a sustainable future. Promote the use of energy
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flooring tiles as a tangible and engaging example of how individuals can actively participate in energy

generation.

By implementing these recommendations, Oman can make significant progress towards its renewable energy
goals, reduce environmental impact, and build a more sustainable future. The deployment of energy flooring tiles in
Middle East College and other relevant locations can serve as a stepping stone towards creating smart cities and
supporting the transition to greener energy sources.
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