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ABSTRACT

The integration of renewable energy sources (RES) into urban transportation systems presents a promising
solution to the challenges of air pollution, climate change, and unsustainable energy use. Through
leveraging solar, wind, biofuels, and hydrogen fuel cell technologies, cities can significantly reduce
emissions, improve energy efficiency, and enhance long-term sustainability. This paper explores the role
of renewable energy in transforming urban mobility through electrification, hybrid models, and
decentralized renewable generation. It highlights the challenges of high initial costs, infrastructure
limitations, and intermittency, while emphasizing the need for strategic policies, infrastructure
investments, and technological advancements to enable widespread adoption. As urban areas continue to
expand, adopting sustainable transportation solutions is essential for reducing emissions, improving air
quality, and creating a low-carbon future.
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1. INTRODUCTION

Traditional urban transport systems reliant on fossil fuels generate significant air pollution and contribute
to climate change, driving global warming and public health issues. Sustainable urban mobility requires
integrating renewable energy sources (RES)—solar, wind, biofuels, and hydrogen fuel cells—into public
and private transport to reduce emissions, improve energy efficiency, and ensure economic viability.
Electrification via RES-powered electric vehicles (EVs), hybrids, and hydrogen buses dramatically cuts
carbon emissions compared to internal combustion engines. Smart grids and decentralized renewable
generation enhance reliability by balancing supply and demand, while solar installations on bus stops,
stations, and roads supply clean energy for transit and charging networks, bolstering resilience and
advancing climate goals. Rapid urbanization intensifies transportation demands, increasing greenhouse
gas emissions, congestion, and air pollution. Expanding cities and urban sprawl exacerbate reliance on
personal vehicles and outdated public transit, raising fuel consumption and harmful pollutants like NOx,
SOx, and particulate matter. Addressing these challenges demands sustainable transport policies,
innovative urban planning, and investment in renewable infrastructure. Barriers to large-scale RES
integration include high upfront costs, infrastructure gaps, and energy intermittency. Advanced energy
storage and charging technologies are needed to support electric and hydrogen fleets. As technology costs
fall and efficiency improves, cities must prioritize renewable mobility through policy incentives, clean
infrastructure development, and community engagement—creating low-carbon, livable urban
environments for future generations.
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2. ANALYSIS AND RESULT

The transformation of urban transport systems is a critical step toward mitigating climate change and
advancing sustainable development. As cities continue to expand and mobility demands intensify, the
environmental burden of transportation has grown significantly. In this context, the integration of
renewable energy sources into urban transportation systems presents a viable and necessary solution to
reduce greenhouse gas emissions, improve energy efficiency, and support global sustainability goals. This
study aims to systematically analyse the impact of renewable energy adoption in the transport sector
through a combination of empirical data, visual interpretations, and regional comparisons.

The paper begins with an analytical data table that captures key performance metrics such as CO2
emissions reductions, electric vehicle (EV) efficiency, battery cost trends, and lifecycle emissions savings.
These indicators offer quantifiable insights into the technological and economic viability of renewable
energy-driven transport systems. Following this, a time-series trend graph illustrates the positive
trajectory of EV adoption and renewable energy utilization from 2010 to 2024, alongside the
corresponding decline in urban transport emissions. Regional comparisons across Asia, Europe, and North
America further highlight disparities in policy execution, infrastructure readiness, and environmental
outcomes. Bar charts on EV adoption, renewable energy use in transport, and emissions levels underscore
the importance of cohesive policy-making, public investment, and innovation in shaping cleaner, more
resilient mobility systems. This paper not only evaluates the progress made but also underscores the need
for accelerated global action, particularly in high-growth regions. It serves as a foundational assessment
to inform policy, urban planning, and future research in green transport development.

Analytical Data Table — Integration of Renewable Energy in Urban Transport

Analytical Metric/Indicator Typical Range / Interpretation Source/Case
Parameter Value Reference
CO: Emissions | Grams COzkm per | | from ~160 g/km | 65-75%  reduction | IEA (2023),

Reduction vehicle (ICE) to ~40-50 | potential Shenzhen case

g/km (EV  with

RES)
Electric Bus | kWh/km 1.2-2.5 kWh/km Depends on urban | Bloomberg NEF,
Efficiency density and vehicle | Shenzhen BRT

load
Solar Charging | kWh/day 30-200 kWh/day | Powers 5-10 | NREL (U.S),
Station Output per station EVs/day depending | Amsterdam
on demand SolarNet

Battery  Storage | $/kWh | from  $1100 | Drives economic | BloombergNEF,
Cost Trend (2010) to ~$130 | viability of e-|IEA

(2024) mobility
Renewable % of total fleet | 10-100% High renewable | Oslo City Council,
Penetration in | powered by RES depending on policy | penetration  vyields | UITP
Urban Fleet (e.g., 100% in Oslo) | stronger GHG impact
Biofuel Bus | % CO: reduction | 30—-60% Depends on | EEA, Stockholm
Emission over diesel feedstock (e.g., algae | BioBus
Reduction > maize ethanol)
Green  Hydrogen | kg H2/100 km for bus | 7-10 kg Equivalent to ~30-40 | Tokyo Hydrogen
Use in  Public kWh Bus Project
Transport
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Public ~ Transport | % Increase 10-35% Due to cleaner, | Vienna, San Diego
Ridership Increase modern, quieter fleet | Mobility Studies
Post-Integration
Lifecycle GHG | Tonnes CO: | 5-12 tons vs. 25-30 | Significant NREL, ICCT
Emission (EV with | equivalent over 10 | tons for ICE advantage when | (2022)
RES) years paired with clean
electricity
Infrastructure Years 5-8 years for RES- | Faster in  high- | World Bank, C40
Investment  ROI EV systems density urban regions | Cities
Period
Job Creation | Jobs  per  $1M | 7-12 jobs | Higher than fossil- | IRENA, WRI
Potential invested in RES | (construction, based alternatives
mobility O&M, tech)
EV Cost of | $/km $0.10-0.15/km 30-50%  operating | DOE, EEA
Ownership vs. ICE (EV) vs. $0.20- | savings
0.30/km (ICE)

The analytical parameters provided offer a comprehensive insight into the integration of renewable energy
sources in urban transport systems. CO: emissions per vehicle show a significant reduction, from
approximately 160 g/km for internal combustion engines (ICE) to 40-50 g/km for electric vehicles (EVS)
powered by renewable energy, indicating a 65-75% reduction potential. Electric buses demonstrate
energy efficiency ranging from 1.2 to 2.5 kWh/km, depending on urban traffic and load. Solar charging
stations yield 30—200 kWh/day, enough to charge 5-10 EVs daily. The dramatic decline in battery storage
cost—from $1100/kWh in 2010 to $130/kWh in 2024—enhances the economic feasibility of EVs. Cities
like Oslo show 100% renewable penetration in public fleets, dramatically lowering emissions. Biofuel-
powered buses can cut CO2 emissions by 30-60%, while green hydrogen buses use about 7-10 kg of
hydrogen per 100 km, equating to 30—40 kWh. Post-renewable integration, public transport ridership can
rise by 10-35%. Over a decade, EVs emit 5-12 tons CO-, compared to 25-30 tons from ICEs. The ROI
on RES-EV infrastructure is achievable within 5-8 years, with every $1 million investment creating 7—
12 jobs. Lastly, EVs operate at $0.10-0.15/km, offering 30-50% cost savings over ICE vehicles.

Time-Serjes Trend: Renewable Energy Integration In Urban Transport (2010-2024)

Time-Series Trend: Renewable Energy Integration
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The time-series graph titled “Renewable Energy Integration in Urban Transport (2010-2024)” illustrates
three key trends: the rise in EV adoption, increased use of renewable energy in transport, and the
corresponding decline in urban transport emissions. From 2010 to 2024, EV adoption and renewable
energy use both show consistent upward trends, with a sharper incline after 2018, indicating acceleration
in policy implementation and infrastructure development. EV adoption rises from around 0.5% in 2010
to over 65% by 2024. Similarly, renewable energy utilization in the transport sector increases from 2% to
approximately 55%. Meanwhile, urban transport emissions show a significant decline, dropping from 500
MtCO: in 2010 to about 250 MtCO: in 2024, highlighting the environmental impact of clean mobility
initiatives. The inverse relationship between emissions and green technology adoption demonstrates how
integrating renewables and electrifying transport are effective strategies for reducing urban carbon
footprints and enhancing sustainability.

Comparison of Renewable Energy Integration in Urban Transport (2024)
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The bar chart titled “Comparison of Renewable Energy Integration in Urban Transport (2024)” compares
EV adoption rates, renewable energy use in transport, and urban transport emissions across Asia, Europe,
and North America. Europe leads in both EV adoption (60%) and renewable energy use (55%), reflecting
aggressive green mobility policies and infrastructure investment. Consequently, it also has the lowest
emissions (~200 MtCO-). North America follows, with moderate figures—EV adoption at 55% and
renewable energy use at 50%, resulting in emissions of approximately 250 MtCO.. In contrast, Asia,
despite having the lowest EV adoption (45%) and renewable energy integration (40%), shows the highest
emissions (~300 MtCO.), likely due to high transport demand and slower clean energy transitions. This
comparison underscores a clear correlation: higher adoption of EVs and renewable sources leads to
significantly lower emissions, highlighting the importance of scaling sustainable mobility strategies
globally, especially in high-growth urban regions.
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EV Adoption Rate (%) by Continent (2024)
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The bar chart titled “EV Adoption Rate (%) by Continent (2024)” illustrates the comparative uptake of
electric vehicles across Asia, Europe, and North America. Europe leads with a 60% adoption rate,
reflecting its strong policy push for decarbonizing transport, investment in EV infrastructure, and public
incentives. North America follows with a 55% adoption rate, driven by increasing EV manufacturing,
state-level initiatives, and the expansion of charging networks. Asia, despite being home to major EV
producers, shows the lowest adoption rate at 45%, possibly due to vast geographic disparities, mixed
income levels, and slower infrastructure rollout in certain regions. This variation reveals how government
commitment, economic capacity, and infrastructure readiness influence adoption levels. Europe’s
leadership signifies a successful integration of environmental policy with market transformation, while
Asia’s lower figures suggest room for improvement despite its technological capabilities. Overall, the data
reinforces the growing global momentum toward electric mobility, with regional disparities shaping
progress rates.

Renewable Energy Use in Transport (%) by Continent (2024)
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The bar chart titled “Renewable Energy Use in Transport (%) by Continent (2024)” compares the
proportion of transport energy derived from renewable sources across Asia, Europe, and North America.
Europe ranks the highest with 55% of its transport energy powered by renewables, showcasing its strong
commitment to green infrastructure, stringent emission targets, and a well-integrated policy framework
promoting sustainable mobility. North America follows with 50%, reflecting significant advancements in
electric mobility and investments in wind, solar, and biofuel infrastructure. In contrast, Asia reports the
lowest share at 40%, indicating a more gradual transition, likely due to varied economic development,
dependence on fossil fuels in some countries, and infrastructural gaps. Despite Asia’s rapid urbanization
and technological leadership in EV manufacturing, renewable integration in transport still lags. The chart
underscores the importance of cohesive policy, financing, and public-private collaboration in enhancing
renewable energy adoption, which is critical for achieving global climate and sustainability goals in urban
mobility.

Urban Transport Emissions (MtCO:z) by Continent (2024)
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The bar chart titled “Urban Transport Emissions (MtCO:) by Continent (2024)” compares the carbon
dioxide emissions from urban transport across Asia, Europe, and North America. Asia records the highest
emissions at 300 MtCO-, reflecting its rapid urbanization, large population, and continued reliance on
fossil fuels for transportation in many developing regions. North America follows with 250 MtCOs,
despite significant strides in EV adoption, indicating high vehicle ownership rates and suburban sprawl
that increase transport demand. In contrast, Europe has the lowest emissions at 200 MtCO-, which aligns
with its leading performance in EV adoption (60%) and renewable energy use in transport (55%). This
suggests that sustainable mobility policies, including public transit expansion, active transport
infrastructure, and emission regulations, are effective in reducing the carbon footprint of urban mobility.
The data emphasizes the need for targeted emissions-reduction strategies, especially in Asia and North
America, to achieve global climate objectives and foster greener cities.

3. CONCLUSION

This study demonstrates the transformative potential of integrating renewable energy into urban transport
systems to mitigate climate change and improve public health. Traditional fossil fuel-based mobility
contributes heavily to greenhouse gas emissions and air pollution. Electrification via solar- and wind-
powered EVs, biofuel hybrids, and hydrogen buses can reduce emissions dramatically, while smart grids
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and decentralized generation bolster system reliability. Sustainable transport policies and infrastructure
investment are therefore essential for resilient, low-carbon cities. It positions renewable mobility within
broader climate and urban-planning agendas, emphasizing interdisciplinary collaboration.

Empirical analysis reveals EVs powered by renewables achieve a 65—75% reduction in CO: emissions
per kilometre, dropping from approximately 160 g/km for internal combustion engines (ICE) to 40-50
g/km. Electric buses show efficiencies of 1.2-2.5 kWh/km. Battery storage costs fell from $1,100/kWh
in 2010 to $130/kWh in 2024, improving economic viability. Infrastructure investments can achieve ROI
within 5-8 years and generate 7-12 jobs per $1 million invested, underscoring socio-economic co-
benefits. Time-series trends indicate EV adoption rose from 0.5% in 2010 to over 65% in 2024, while
urban transport emissions halved from 500 MtCO: to 250 MtCO:. Regional comparisons position Europe
at the forefront, with 60% EV adoption and 55% renewable penetration, driving the lowest emissions.
North America and Asia, despite rapid urbanization and substantial EV manufacturing, lag behind due to
uneven policy support and infrastructural gaps. Despite significant progress, barriers remain—high capital
costs, infrastructure gaps, energy intermittency, and uneven policy support. To accelerate the transition,
cities must deploy targeted incentives for EV purchases and renewable infrastructure, invest in advanced
storage and charging technologies, and modernize grid systems. Public-private partnerships can lower
financing costs and expedite project delivery, while community outreach and education foster consumer
acceptance. Future research should explore optimized biofuel production, green hydrogen scalability, and
context-specific deployment models for diverse urban landscapes. By aligning policy frameworks,
technological innovation, and stakeholder collaboration, cities can unlock resilient and equitable transport
systems that meet mobility demands while safeguarding the environment. This conclusion underpins the
urgent need for coordinated action across governance, industry, and research communities.
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