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ABSTRACT

The integration of renewable energy sources (RES) into urban transport systems is essential to combat air
pollution, reduce greenhouse gas emissions, and ensure sustainable mobility in the face of rapid urbanization.
Traditional fossil fuel-based transportation contributes significantly to environmental degradation and public
health risks. By adopting renewable-powered solutions such as electric vehicles (EVs), hydrogen fuel cell
technologies, and solar-powered infrastructure, cities can reduce their carbon footprint and improve energy
efficiency. Despite challenges like high initial investment costs, infrastructure limitations, and energy storage
constraints, several global cities are demonstrating the feasibility of green mobility initiatives. This study
emphasizes the urgent need for sustainable transportation policies, infrastructure investment, and technological
innovation to build resilient and eco-friendly urban transit networks.
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l. Introduction

Traditional urban transport systems, predominantly reliant on fossil fuels, contribute to air pollution and
climate change, exacerbating global warming and public health concerns. The need for sustainable urban
mobility solutions has never been more pressing, necessitating the integration of renewable energy sources
(RES) into transportation networks. Renewable energy integration into urban transport involves
leveraging solar, wind, biofuels, and hydrogen fuel cell technologies to power public and private transport
systems, aiming to mitigate emissions, enhance energy efficiency, and promote long-term sustainability.
Through replacing conventional fuels with cleaner alternatives, cities can transition towards eco-friendly
transport solutions, reducing their carbon footprint while ensuring energy security and economic viability.
Electrification of transport systems through renewable energy-powered electric vehicles (EVs), hybrid
models, and hydrogen fuel cell buses significantly lowers carbon emissions compared to conventional
gasoline and diesel-powered vehicles. Additionally, smart grid technologies and decentralized renewable
energy generation can improve the reliability of electric transit networks by balancing energy supply and
demand efficiently. Cities worldwide are exploring the installation of solar panels on transportation
infrastructure, such as bus stops, railway stations, and roads, to generate clean energy for public transport
and charging stations. Such initiatives not only enhance the resilience of urban transportation systems but
also contribute to broader climate goals and energy transition strategies at national and international
levels.
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Smart and Sustainable Urban Mobility Infrastructure

Despite the promising potential of renewable energy in urban mobility, several challenges hinder its large-
scale adoption. High initial investment costs, infrastructure limitations, and the intermittency of renewable
energy sources pose significant barriers to seamless integration. The storage and distribution of renewable
energy, particularly for electric and hydrogen-powered vehicles, require advanced battery technologies
and charging infrastructure, which remain costly and underdeveloped in many regions. Many global cities
have begun implementing renewable-powered transport initiatives, such as electrified public buses, solar
charging stations, and biofuel-powered fleets, demonstrating the feasibility and benefits of green mobility.
As technological advancements continue to enhance the efficiency and affordability of renewable energy
solutions, urban areas must prioritize sustainable transportation policies and infrastructure development.
By adopting innovative energy strategies, investing in clean technology, and encouraging sustainable
urban planning, cities can create a resilient, low-carbon transport system that ensures environmental
preservation, economic growth, and improved quality of life for future generations.

Urbanization and Emissions Challenge
The Impact of Urbanization on Transportation and Emissions

Urbanization has led to a significant increase in transportation demands, causing a surge in greenhouse
gas (GHG) emissions and environmental degradation. As cities expand, the need for efficient mobility
solutions grows, leading to a rise in private vehicle ownership, public transport utilization, and freight
transportation. The rapid expansion of urban areas has been accompanied by increased congestion, longer
commuting times, and higher fuel consumption, all of which contribute to the deterioration of air quality.
The reliance on internal combustion engine (ICE) vehicles, which predominantly use fossil fuels, further
exacerbates the issue by releasing harmful pollutants such as nitrogen oxides (NOXx), sulfur oxides (SOx),
and particulate matter (PM), causing severe respiratory and cardiovascular health problems among urban
populations. Urbanization also strains existing infrastructure, leading to inefficient traffic management
and increased vehicle idling, both of which contribute to additional emissions. As cities expand, urban
sprawl becomes a major concern, pushing residential and commercial developments farther away from
city centers and increasing the need for long-distance commuting. This not only raises fuel consumption
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but also heightens dependency on non-renewable energy sources, making urban transport systems
unsustainable in the long run. The problem is further compounded by outdated and poorly maintained
public transportation systems in many developing cities, which fail to meet the mobility demands of
growing populations. This results in greater reliance on personal vehicles, leading to traffic congestion
and increased per capita emissions. As a consequence, addressing the urbanization and emissions
challenge requires a comprehensive approach that includes sustainable transportation policies, innovative
urban planning, and investments in renewable energy sources to support cleaner mobility solutions.

Necessity of Sustainable Transportation Solutions

The urgency of mitigating the environmental impact of urban transportation has prompted governments,
urban planners, and researchers to explore sustainable mobility solutions that can reduce emissions and
improve air quality. Electric buses, for example, have gained traction in various metropolitan areas,
providing a zero-emission alternative to traditional diesel-powered public transport. Similarly, the
development of infrastructure such as solar-powered charging stations and renewable energy grids can
support the widespread adoption of EVs, reducing dependency on non-renewable energy sources. Beyond
electrification, sustainable urban mobility also includes promoting non-motorized transport solutions such
as cycling and walking, which can significantly decrease vehicular emissions. Additionally,
advancements in smart transportation systems, including Al-driven traffic management and real-time
monitoring, can optimize transport networks, minimizing energy wastage and reducing unnecessary
emissions. Policies that encourage the use of public transport, such as subsidies and congestion charges
for private vehicle use, can further promote sustainability. The shift towards renewable energy-powered
urban transport is essential in ensuring long-term environmental sustainability, reducing public health
risks associated with air pollution, and creating livable, low-carbon cities for future generations.
Addressing the urbanization and emissions challenge requires a multi-faceted approach that integrates
technological innovation, policy interventions, and community engagement to achieve a sustainable and
efficient transportation ecosystem.

Infrastructure Integration for Renewable-Powered Urban Transportation
Enhancing Energy Efficiency and Reliability

The integration of smart grid technology and solar-powered infrastructure into urban transportation
systems has emerged as a transformative approach to improving energy efficiency and reliability. These
grids enable dynamic energy distribution, balancing supply and demand efficiently. Unlike traditional
grids, which operate on fixed energy supply patterns, smart grids can adjust in real-time based on energy
availability and consumption needs. This flexibility helps to prevent power shortages and enhances the
overall stability of urban transport infrastructure. One of the key advantages of integrating smart grids
into urban transport systems is their ability to minimize energy wastage. By utilizing real-time energy
consumption data, smart grids can redistribute excess power from renewable sources to areas experiencing
high demand. This prevents energy losses and maximizes efficiency. For instance, in an urban setting,
excess solar power generated during peak daylight hours can be redirected to charge electric buses or
supply energy to transit stations, ensuring optimal energy utilization. In addition to energy distribution,
smart grids also improve the resilience of urban transportation networks. Traditional power grids are
vulnerable to blackouts and disruptions, which can severely impact public transport operations. However,
smart grids incorporate decentralized energy storage solutions, such as battery storage systems, that can
provide backup power in case of grid failures. This ensures uninterrupted transport services and enhances
the overall reliability of urban mobility solutions.

IJESTI 5 (2) https://doi.org/10.31426/ijesti.2025.5.2.5065 106


http://www.ijesti.com/

Vol 5, Issue 2, February 2025 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (1IJESTI)

AC Charging £ DC Fast Charging
Station * Station
‘“ )
*Limited Power —~ =3 B B [ Lanze power rating
5
\

AC and DC Electric Vehicle Charging Integration with Renewable Energy and Power Grid

The installation of solar-powered infrastructure further strengthens the efficiency of urban transportation
systems. By integrating solar panels into public transport facilities, such as bus stops, train stations, and
EV charging points, cities can harness clean energy to power essential services. Solar panels can generate
electricity for lighting, digital signage, ticketing systems, and even direct EV charging, reducing reliance
on conventional power sources. Moreover, solar-powered infrastructure contributes to the
decentralization of energy supply in urban areas. Traditional electricity grids rely on centralized power
plants, which can be inefficient due to transmission losses over long distances. In contrast, solar panels
installed at transit hubs generate electricity locally, reducing transmission losses and enhancing energy
security. Decentralized energy generation also provides cities with greater control over their power
supply, making them more resilient to energy shortages or disruptions. Smart grids and solar-powered
infrastructure collectively contribute to an efficient and sustainable transportation ecosystem.

Reducing Carbon Emissions and Operational Costs

Solar energy, being abundant and sustainable, offers a viable solution to decarbonize transportation and
promote green mobility. One of the most direct benefits of solar-powered infrastructure in transportation
is the reduction of greenhouse gas emissions. By adopting solar-powered charging stations and integrating
photovoltaic panels into transport infrastructure, cities can significantly cut down on carbon emissions.
For example, solar-powered electric bus fleets can operate with minimal environmental impact, reducing
dependence on diesel or gasoline-powered vehicles. Additionally, solar energy generation does not
produce harmful emissions, unlike conventional power sources. When solar panels are used to charge
electric buses, trains, and other transport vehicles, they eliminate the need for energy derived from coal
or natural gas. Operational cost savings are another significant advantage of solar-powered transportation
infrastructure. Public transport systems incur high expenses related to fuel procurement and electricity
consumption. However, solar energy offers a cost-effective alternative by providing free electricity once
the initial investment in solar panels is made.

Moreover, solar-powered transit infrastructure can operate with minimal maintenance costs. Unlike
conventional power plants that require continuous fuel supply and mechanical upkeep, solar panels have
a long lifespan and require relatively low maintenance. This reduces the financial burden on transport
operators and enables cities to allocate resources more efficiently. In addition to powering transport
vehicles, solar energy can be used to enhance the sustainability of transit hubs and public spaces. Solar
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panels installed on bus stops, railway stations, and metro platforms can generate electricity for lighting,
air conditioning, and electronic display systems. This creates self-sustaining energy ecosystems, where
transit facilities can function independently of the central grid, reducing energy expenses and promoting
sustainability. Battery storage solutions further enhance the effectiveness of solar-powered infrastructure
in transportation. This stored energy can be utilized during peak hours to maintain efficiency and prevent
disruptions in transit services. The integration of solar energy into urban transportation systems aligns
with long-term sustainability goals. Governments and city planners worldwide are increasingly
prioritizing renewable energy initiatives to create eco-friendly and resilient transport networks. Incentives
for solar-powered public transport, subsidies for EV adoption, and investments in green infrastructure
play a crucial role in accelerating the transition towards low-carbon mobility solutions. Beyond economic
and environmental benefits, solar-powered transport infrastructure also enhances the quality of life in
urban areas. Reduced emissions result in cleaner air, contributing to improved public health and lower
rates of respiratory illnesses caused by pollution. Additionally, quieter electric transport systems minimize
noise pollution, creating more livable and sustainable cities. As cities continue to embrace solar-powered
solutions, the future of urban transportation is set to become more energy-efficient, cost-effective, and
environmentally friendly. The widespread adoption of solar infrastructure, combined with advancements
in energy storage and smart grid technology, will drive the transition towards a cleaner and more
sustainable transport ecosystem. Investing in solar-powered transport infrastructure today will yield long-
term benefits, ensuring a greener and healthier urban environment for future generations.

I1. Review

Buonocore et al. (2019) evaluated how renewable energy companies align with SDGs using scientific
indicators. They identified data gaps and geographical disparities in environmental and health outcomes.
The study highlighted weak correlations between CO2 emissions and health metrics, urging better
monitoring, updated datasets, and improved emissions inventories for accurate SDG tracking.

Joseph et al. (2019) reviewed the evolution of EVs and renewable integration, emphasizing wireless
power transfer and vehicle-to-grid (V2G) systems. They examined historical context, technological
advances, and simulation models to support renewable-powered EVs. The paper outlined how smart
infrastructure can optimize energy use and strengthen sustainable urban transport frameworks.

Amin et al. (2020) used long-term data and statistical models to analyze pollution determinants in
transport. Their study found renewable energy use significantly reduced emissions, while urbanization
had minimal impact. They recommended prioritizing green transport policies, promoting public
awareness, and supporting renewable initiatives to mitigate the sector’s environmental footprint.

Ostgaard et al. (2020) presented a comprehensive review of renewable energy technologies and system
integration. Originating from SDEWES conference work, the study assessed environmental performance,
resource availability, and integration challenges. It offered a global perspective on the state of renewable
energy systems and the need for efficient, sustainable deployment.

An et al. (2020) analyzed China's efforts to integrate renewable energy into its railway system. Despite
ambitious goals, full development hadn’t been achieved. The study assessed strategic needs, key
technologies, and global practices for intelligent electrification, anticipating economic and environmental
benefits from increased renewable adoption in railway energy management.
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Baldynov and Popov (2021) discussed renewable energy's cost reduction and spatial deployment
challenges. They noted promising energy zones like deserts and coastlines are remote, necessitating
thorough transport system assessments. Their work emphasized planning energy transmission
infrastructure to support large-scale renewable integration and maximize generation potential in isolated,
resource-rich areas.

Potr¢ et al. (2021) created an optimization model for building sustainable EU energy systems. Integrating
biomass, waste, and renewable sources, the model supported carbon neutrality by 2050. Results suggested
existing technologies, especially wind and solar, could meet goals while generating jobs and maintaining
food security through diverse energy pathways.

Agrawal and Soni (2021) explored renewable versus non-renewable energy, emphasizing the
sustainability of solar, wind, and hydropower. They highlighted renewables' role in reducing emissions,
supporting SDGs, and securing long-term energy needs. The study reviewed energy types, benefits, and
limitations, encouraging a transition toward cleaner, reliable, and sustainable energy systems.

Khan et al. (2022) applied advanced econometric tests to show how renewable energy, transportation
services, and GDP positively influence tourism in Europe. Their study validated the role of clean energy
and infrastructure in tourism development, offering policymakers targeted strategies to enhance
sustainable tourism through energy and transport investments.

Al-Ghussain et al. (2022) examined how varying EV integration levels affect RES and ESS requirements.
While overnight charging required ESS expansion, full EV integration increased RES capacity but
reduced storage needs. The study identified optimal charging windows and emphasized planning for
efficient infrastructure as EV adoption scales across energy systems.

Zhao et al. (2022) proposed integrating loT and blockchain with EVs to improve renewable energy
management. They highlighted EVs' dependency on clean energy sources and developed a validation
system to monitor energy use. Their approach aimed to optimize charging efficiency, reduce emissions,
and enhance smart grid interactions in transport.

Al-Thani et al. (2022) analyzed urban transportation’s environmental impacts and promoted clean
alternatives like EVs and rail. They emphasized integrating renewable-powered charging infrastructure,
identified barriers such as incentives and planning, and offered solutions for linking urban mobility with
energy systems to reduce emissions and foster sustainable urban transportation.

Yu et al. (2023) explored the drivers of crude oil imports in China and India, finding renewable energy
reduced dependency, while trade and infrastructure increased it. They identified economic development
and industrialization as key factors, concluding that broader policies beyond renewable promotion are
necessary to manage crude oil demand sustainably.

Taghizad-Tavana et al. (2023) reviewed EV adoption trends, highlighting smart charging, peak load
issues, and renewable integration. Their study addressed energy efficiency and infrastructure needs,
offering detailed insights into converter technologies, charging systems, and market dynamics. The
findings aim to guide smooth EV-renewable energy integration and infrastructure development.

Khan et al. (2023) assessed how energy sources and economic factors affected environmental quality in
Sub-Saharan Africa. Renewable energy improved conditions, while fossil fuels and digitalization
increased emissions. They recommended promoting clean energy, innovation, and public awareness to
achieve emission reductions and support sustainable development across the region.
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Alnour et al. (2024) examined how PPPs influenced carbon emissions in Mexico’s transport and energy
sectors. While short-term reductions were achieved, long-term effects were limited. They emphasized the
positive role of renewable energy, critiqued the Environmental Kuznets Curve, and recommended
enhancing PPP strategies and prioritizing green investments to cut emissions.

Kumar and Sharma (2024) analyzed biofuels and EVs as sustainable transport solutions. They reviewed
policies, innovations, and case studies, emphasizing renewable energy’s role in reducing emissions. The
study offered actionable insights into merging clean mobility with energy systems, supporting long-term
environmental goals and economic transformation in the transport sector.

Kabiri Nasrabad et al. (2025) evaluated renewable generation in rail using thermoelectric, solar, and
wind technologies. Their findings showed combining solar and wind yielded nine times more electricity
than wind alone. The research demonstrated how integrating these systems in locomotives and rail lines
could significantly boost onboard energy production efficiency.

Rahim et al. (2025) introduced advanced methods for integrating solar power into EVs, using phase
change materials and aerogels to improve efficiency. They proposed microgrid-enabled charging for
localized access and highlighted the role of innovative materials in enhancing EV performance, battery
longevity, and sustainable transport through cleaner energy solutions.

Soni et al. (2025) conducted a bibliometric analysis on renewable energy and transport, focusing on
hydrogen, biomass, and EVs. They identified key drivers of sustainability, including population growth
and urbanization. The study recommended targeted policies to meet net-zero goals and emphasized
transitioning to alternative fuels to combat climate change.

1. Conclusion

The transition to renewable energy-powered urban transportation is crucial for mitigating climate change,
improving air quality, and enhancing public health. While challenges such as high costs and technological
gaps exist, the benefits of reduced emissions, energy security, and long-term sustainability outweigh the
barriers. Through collaborative planning, clean technology investment, and sustainable urban
development, cities can achieve smart, low-carbon mobility systems that support economic growth and
environmental preservation.
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