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Abstract— The rapid urbanization and increasing demand for sustainable transportation
systems have compelled cities to adopt innovative solutions that address environmental, social, and
economic challenges. The sponsored charging stations for electric vehicles and powered smart bus
stops have increased due to the efforts made to adopt modern technology for public transportation
and the current challenges faced in urban living. These structures are part of the modern public
transportation infrastructure that aims at helping the public in their traveling needs while being
ecological. This review concentrates on considering the structures and incorporating modern
technology aimed at making public transportation ecologically friendly as well as digitally
oriented. The focus is set on the implementation of ecologically clean electric power and smart bus
systems while revealing their merits in reducing net-zero emissions.

Index Terms— Bus Shelter, Eco-friendly, Public Transportation, Sustainability.

I. INTRODUCTION

In line with the United Nations' 2030 Agenda for Sustainable Development, particularly Sustainable
Development Goal 7 (affordable, reliable and sustainable energy) and Goal 11 ( encouraging inclusive,
safe, resilient, and sustainable cities and human settlements), cities worldwide are shifting toward
smarter, greener modes of public transportation. Among the emerging trends is the integration of
renewable energy sources, such as solar power, into the built environment of urban transport systems.
This includes the deployment of solar-powered infrastructure such as bus stop shelters, charging stations
for electric vehicles (EVs), and smart mobility platforms. These developments represent not just technical
innovations but also socio-environmental interventions that contribute to reducing carbon footprints,
improving air quality, and enhancing the overall efficiency of public transit systems. As a result, cities
worldwide are increasingly embracing smart city initiatives, integrating technologies like photovoltaics
(PV), electric buses, and sensors to enhance public transportation systems.

With cities expanding rapidly, the need for sustainable, efficient, and inclusive transportation systems
has never been more demanding. Urban mobility—the movement of people and goods within urban
spaces—has emerged as a critical domain in the pursuit of sustainable development, especially as
transportation remains one of the largest contributors to greenhouse gas (GHG) emissions. Addressing
these challenges requires not only systemic changes in transportation infrastructure but also innovative,
technology-driven solutions that align with broader environmental goals and the evolving expectations of
urban dwellers.

This paper explores the concept and application of solar-powered metal bus stop shelters as a vital
component of smart and sustainable urban mobility. These structures, which combine robust,
weather-resistant materials with clean energy technologies, serve multiple functions. They provide
physical shelter and comfort to commuters, enable real-time digital information systems, and offer
integrated EV charging capabilities—all while operating on renewable energy sources. By harnessing
solar energy through photovoltaic (PV) systems, such shelters contribute to a reduction in fossil fuel
dependence and promote the adoption of electric transportation.

The integration of solar-powered technology in public transport infrastructure is not merely a design
enhancement; it reflects a broader paradigm shift toward ecological responsibility and digital innovation.
As cities aim for net-zero emissions and strive to become more livable, the deployment of such smart
infrastructure becomes essential. This paper provides a comprehensive review of solar-powered bus stop
shelters, analyzing their design principles, energy performance, technological components,
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environmental benefits, and role in promoting smart city frameworks. The study also examines the
challenges and limitations faced in implementing these systems and suggests pathways for future
development and policy support.

Ultimately, the investigation into solar-powered metal bus stop shelters offers insights into how
small-scale, decentralized, and smart infrastructure can collectively contribute to larger sustainability and
mobility goals. Through this research, we aim to highlight the intersection of design, technology, and
environmental stewardship in shaping the future of urban transport.

II. LITERATURE REVIEW

The transformation of urban mobility systems through the integration of smart and sustainable
technologies has become a focal point of recent academic and policy-driven ideas. Studies show that
solving problems in city transportation requires many different ideas working together. These include
using clean energy like solar power, adding smart technology, and improving infrastructure. As part of
these changes, solar-powered bus stop shelters are becoming important. They help reduce pollution and
make transportation better and more convenient for people living in cities.

Urban mobility is at the heart of sustainable development strategies, as transportation accounts for
nearly 25% of global energy-related CO- emissions (IEA, 2022). Newman and Kenworthy (2015) have
stated that reducing personal car use and enhancing public transport are essential to creating more
sustainable cities. In this context, public transportation infrastructure, including bus stops, is seen not
merely as a passive space but as an active agent in promoting behavioral change toward greener travel.

The use of solar photovoltaic (PV) technology in public infrastructure has received increasing attention,
particularly as cities pursue renewable energy targets. Studies by Khalil and Ebrahim (2020) show the
technical viability and economic advantages of solar-powered systems in urban settings, especially in
areas with high solar insolation. In the domain of transportation, solar energy has been successfully
utilized in lighting, signage, and EV charging stations. The integration of solar panels into bus shelters not
only reduces operational costs but also supports decentralized energy generation—a key theme in
sustainable urbanism.

Recent studies have investigated the potential of solar-powered bus shelters to enhance energy
efficiency and user comfort. According to AlAwadhi et al. (2021), incorporating solar panels into metal
shelters allows for durability and optimal energy harvesting. Other studies, such as by Yigitcanlar &
Kamruzzaman (2018), examine multi-functional bus stops that serve as information hubs, environmental
monitors, and energy providers. These structures typically feature LED lighting, mobile charging ports,
Wi-Fi connectivity, and occasionally, solar-powered advertising boards. Moreover, research into
materials and engineering design (Velasco & Segovia, 2023) highlights the significance of metal-based
shelters in terms of longevity, heat resistance, and recyclability. Their modular construction also supports
scalability and customization for different urban contexts.

Despite the promising developments, several challenges remain underexplored in existing literature.
These include the lifecycle costs of solar-powered shelters, maintenance considerations, vandalism
resistance, and integration with wider transport networks. Furthermore, while pilot projects have been
documented in cities like Seoul, Dubai, and San Diego, comprehensive comparative analyses of
performance across diverse climatic and socio-economic contexts are limited.

The present paper identifies a need for interdisciplinary studies that bridge engineering, urban planning,
and policy to develop replicable models for implementation. This review gives a clear background to
understand how solar-powered metal bus stop shelters can help make city transport more sustainable.
These shelters bring together new technology, care for the environment, and people-friendly design,
making them a smart idea for modern cities. However, more real-world testing and research are needed to
see how well they work and to help plan their use in more places.

ISSN: 2456-5717 12 VOLUME 11, ISSUE 9 - SEPTEMBER 2025



International Journal of Advanced Research in Basic Engineering Sciences and Technology (IJARBEST)

III. RESEARCH OBJECTIVES AND SIGNIFICANCE

As cities grow and face increasing environmental and mobility challenges, there is a strong need for
innovative and sustainable public transportation solutions. Solar-powered metal bus stop shelters
represent a modern approach that combines clean energy, smart technology, and commuter-friendly
design. This research aims to explore the potential of these shelters in improving urban mobility, reducing
carbon emissions, and supporting the development of smart, sustainable cities. The objectives of this
study are outlined below to guide the investigation. The present study also identifies some of the future
scope of investigation required in this area as follows:

* To explore the role of solar-powered metal bus stop shelters in promoting sustainable and
eco-friendly urban transportation systems.

* To examine the design, functionality, and components of solar-powered bus shelters, including
photovoltaic panels, lighting systems, and digital features.

* To evaluate the environmental and energy-saving benefits of using solar-powered shelters,
particularly in reducing carbon emissions and energy consumption.

 To analyze real-world case studies and implementation examples of smart bus stop shelters in various
cities.

This study is important because it addresses the growing need for sustainable solutions in urban public
transport systems. With climate change and urbanization creating new challenges, cities must find ways
to reduce pollution and improve mobility. Solar-powered metal bus stop shelters offer a practical,
eco-friendly, and technology-driven approach to these problems. By highlighting their benefits—such as
clean energy use, improved commuter experience, and reduced dependence on traditional power
sources—this research can help city planners and governments make better decisions. It also supports
efforts to meet international goals like the UN’s Sustainable Development Goals (SDGs), especially those
related to clean energy and sustainable cities.

To summarize, the present study contributes to the understanding of how small-scale, smart
infrastructure can make a big difference in creating greener and smarter urban environments.

1V. METHODOLOGY

The study adopts a mixed-methods approach, however a general four step approach should be followed
to achieve future research objectives mentioned earlier as shown in Fig. 1.

Explore role of Examine design and Assessment of Analyze available
solar-powered bus |—»|  components | Environmental » case studies and
stop shelters benefits implementation

Fig 1. Recommended approach to achieving research objectives.

A general design of a solar-powered bus shelter can include some key features such as

» Solar PV Roof Panels: 1.5-3 kW capacity to power lighting, displays, and auxiliary devices.

* Energy Storage: Lithium-ion batteries to store surplus energy for night-time use.

* Smart Systems: LED lighting, e-paper displays for real-time schedules, CCTV cameras, and
environmental sensors.

+ Sustainable Materials: Use of recycled steel and low-carbon concrete for building and engineering
components.
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A proposed model as shown in Fig. 2 can be considered as a suitable alternative to comprehensively
include smart energy systems, commuter-centric amenities, and integrated mobility services that align
with the Sustainable Development Goals and enhance the resilience and efficiency of urban public
transport infrastructure.

Fig. 2. A Model prepared for Solar-Powered Smart Bus Stops for Sustainable City Planning.

In regions with abundant sunlight like the UAE, solar-powered bus stops can function on their own
without needing electricity from the main grid for more than 300 days each year. During this time, they
generate enough solar energy to meet all their power needs. Any extra energy produced can be used in two
helpful ways: it can either be sent back into the city’s power grid, supporting the overall energy supply, or
it can be used locally to power nearby facilities, such as charging stations for e-scooters and bicycles,
known as micro-mobility hubs. This makes solar bus stops not only sufficient but also contribute to the
broader sustainable energy network.

V. CONCLUSION

The study highlights that solar-powered bus stops are a smart and useful way to improve city transport.
They use clean solar energy, which works very well in sunny areas. This helps solve energy problems in
cities and also supports global goals for a better and more sustainable future.

e Solar-powered bus stops can be a smart and effective way to improve urban transportation.

e They use renewable solar energy, which is especially useful in sunny places like the UAE.

e These bus stops help reduce pressure on the electricity grid and support clean energy goals (like the
United Nations SDGs).

e Features like smart sensors, LED lights, and user-friendly designs make commuting easier and more
comfortable.

e This kind of smart infrastructure also helps protect the environment by cutting down on pollution.

e Countries with lots of sunlight can become leaders in using solar-powered transport systems.

e Future studies should look at testing these bus stops in real settings, tracking how well they work over
time, and creating policies to help cities use them more widely.
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