Highlights in Science, Engineering and Technology EMCEME 2024
Volume 121 (2024)

Effects of Materials on Environment and Economy of Public
Transport

Ying Zhu
Mathematics and Physics Faculty, University College London, London United Kingdom

zcgsyzO@ucl.ac.uk

Abstract. The global shift towards sustainable development has underscored the importance of
minimizing the environmental footprint and optimizing economic efficiency across all sectors,
including public transportation. The materials used in public transport vehicles has substantial
implications for both environmental and economic performance. The choice of materials utilized in
the construction, maintenance, and operation of public transport systems plays an important role in
achieving these goals. The document aims to examine the aim of selecting environmentally friendly
and economically viable materials for public transport vehicles, along with the subsequent effects
these choices have on both the environment and the economy. Public transportation is a cornerstone
of modern city planning, facilitating mobility, reducing congestion, and promoting social equity. As
the world faces with the challenges of climate change and economic pressures, the materials used
in public transport infrastructure and vehicles are under increasing scrutiny for their impact on both
the environment and the economy aspects.
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1. Introduction

Public transportation plays a vital role in modern urban environments, boosting mobility, reducing
traffic congestion, and mitigating environmental impacts. The materials used in the construction and
maintenance of public transportation vehicles and infrastructure significantly influence their
performance, durability, energy efficiency, and environmental footprint.

Recent years have seen a growing emphasis on sustainable development and the adoption of eco-
friendly practices in all sectors, including transportation. This shift has driven research into innovative
materials that can enhance the environmental and economic performance of public transportation
systems.

Certain materials are more environmentally friendly for use in public transportation systems due
to their sustainability, renewability, low energy consumption, long life span, and ease of recycling or
reuse. Here are some specific materials and their environmental impact when applied to public
transportation.

The aim of this paper is to analyze the effect of materials that adopting eco-friendly and cost-
effective is to minimize negative externalities, enhance resource efficiency, and promote long-term
sustainability.

2. Materials used in public transport

2.1. Aluminum Alloy Materials

Aluminum alloys are lightweight, strong, and corrosion-resistant, making them ideal for bus and
subway vehicle bodies [1]. Reducing vehicle weight leads to lower energy consumption and
emissions. While the extraction process for aluminum is energy-intensive, its long lifespan and high
recyclability help mitigate its environmental impact [2].
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2.2. Composite Materials

Composites, such as carbon fiber, offer extremely high strength-to-weight ratios, significantly
reducing vehicle weight and enhancing fuel efficiency or electric range [3]. The manufacturing
process can be complex and costly, but the weight reduction benefits lead to significant energy
savings. Some composites, like natural fiber composites, titanium/aluminum alloys [4].

2.3. Bio-Based and Biodegradable Materials

These materials originate from renewable sources like plants and microorganisms, reducing their
carbon footprint and ensuring biodegradability [5]. They can be used for interior trim, seating, and
other components. They do not contribute harmfully to the environment during use and degrade
quickly after disposal, minimizing long-term impact [6].

2.4. Low-VOC Interior Decorative Materials

Using materials with low Volatile Organic Compound (VOC) emissions improves indoor air
quality, enhancing passenger comfort. Environmental Impact: Better air quality leads to reduced
health risks and less pollution, contributing positively to the surrounding environment.

2.5. Green Tire Materials

Green tires employ low rolling resistance materials that decrease fuel consumption and emissions.
They may also offer durability and noise reduction [7]. Their use helps reduce operating costs and
environmental impact while improving ride comfort.

2.6. Eco-Friendly Paints and Coatings

Eco-friendly paints and coatings have low VOC content and excellent weather resistance, reducing
the need for frequent repainting. VOC, or Volatile Organic Compounds, refer to a group of carbon-
based chemicals that easily evaporate into the air at room temperature. These compounds can be
emitted from various sources, including paints, solvents, adhesives, cleaning products, cosmetics,
fuels, and even some building materials and furnishings.

In conclusion, the most environmentally friendly materials for public transportation systems
should incorporate sustainability, renewability, low energy consumption, durability, and recyclability.
The selection of materials should be tailored to specific applications, balancing environmental
benefits with cost-effectiveness and practicality.

3. Environmental Impacts

3.1. Positive Impacts

3.1.1 Sustainability and Durability

The use of concrete with recycled aggregate in the construction of subway tunnels can significantly
reduce the need for virgin materials, thereby conserving natural resources and reducing waste. At the
same time, the durability of concrete, when properly designed and maintained, can ensure long-term
service life, minimizing the need for frequent repairs and replacements. The imparts of materials on
public transport can be seen in Fig.1.
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Fig.1 Environmental and economic impacts and materials used in public transport

3.1.2 Energy Efficiency

Lightweight composites, such as aluminum and carbon fiber, are increasingly being used in the
manufacture of bus and train bodies. These materials not only reduce vehicle weight but also improve
fuel efficiency, leading to reduced greenhouse gas emissions and lower operating costs [8].

Studies suggest that a 10% reduction in vehicle weight can lead to a 6-8% improvement in fuel
efficiency. For public transportation vehicles like buses, this translates into significant savings in fuel
costs and a deduction in greenhouse gas emissions. According to a report by the European
Commission, the usage of lightweight materials in automotive applications (including public
transportation) could help reduce CO: emissions by up to 20% by 2030.

3.1.3 Renewable and Recyclable Materials

The implementation of biodegradable plastics in public transport seating and interior trim
components is an example of how renewable materials can be incorporated into the transport sector.
These materials reduce the reliance on fossil fuels and could be composted or recycled at the end of
their service lives, minimizing waste generation [9]. The adoption of renewable materials like
bioplastics and bio-based composites can further reduce the environmental footprint of public
transportation vehicles. While specific data may vary, the use of these materials often results in lower
carbon dioxide emissions during their production compared to traditional petroleum-based materials.

3.2. Negative Impacts

3.2.1 Production Processes

The production of materials such as steel and aluminum, which are heavily used in public transport
infrastructure, requires masssive energy inputs and often results in high greenhouse gas emissions. A
detailed carbon footprint analysis can help identify hotspots and inform strategies for reducing
emissions [10].

3.2.2 Waste Generation

The disposal of old, damaged, or obsolete public transport vehicles and infrastructure can pose
significant waste management challenges. Developing robust waste management systems, including
recycling and repurposing programs, is essential for minimizing the environmental impacts of waste
generation.

3.2.3 Land Use and Ecosystem Disruption

The construction of new public transport infrastructure often requires significant land acquisition,
which can disrupt local ecosystems and habitats. An ecosystem services assessment can help quantify
the value of the ecosystem services lost due to construction and inform decisions about how to
mitigate these impacts.
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4. Economic Impacts

4.1. Positive Impacts

4.1.1 Cost Savings

Conducting a life-cycle cost analysis of public transport infrastructure and vehicles can help
identify areas where material selection can lead to cost savings over the long term. For instance,
investing in durable materials for bridges and tracks can reduce maintenance costs and extend the
service life of infrastructure. The improved fuel efficiency achieved through the usage of lightweight
materials can lead to significant cost savings for public transportation operators over the vehicle's
lifetime. For example, if a bus achieves a 10% improvement in fuel efficiency, it could save thousands
of dollars annually in fuel costs, depending on the vehicle's size and operating schedule.

4.1.2 Infrastructure Investment

Economic impact studies have shown that investing in public transport infrastructure can stimulate
economic growth, create jobs, and attract private sector investment. Materials that contribute to
efficient and reliable transport systems can help maximize these benefits.

4.1.3 Increased Efficiency and Productivity

Reliable and efficient public transport systems can reduce travel times, saving time for workers to
engage in productive activities. Studies have shown that this can lead to increased worker productivity
and improved economic outcomes.

4.1.4 Long term benefits

Advanced materials often offer improved durability and resistance to corrosion, reducing the need
for repairs and replacements. This can lead to further cost savings and fewer disruptions to public
transportation services.

When considering the total cost of ownership (TCO) for public transportation vehicles, the use of
high-performance materials can often result in a lower overall cost despite potentially higher initial
material costs. This is due to the savings realized from reduced fuel consumption, lower maintenance
expenses, and potentially longer service lives.

4.2. Negative Impacts

4.2.1 Initial Costs

The use of high-quality and specialized materials can significantly increase the initial costs of
constructing and maintaining public transport infrastructure. Budget considerations must be balanced
against the long-term benefits of these materials, including cost savings and environmental benefits.

4.2.2 Economic Disruption

Large-scale construction projects can disrupt local economies, causing temporary job losses and
disruptions to businesses. Strategies for mitigating these impacts, such as providing training and
reemployment programs for affected workers, should be considered.

4.2.3 Dependence on External Resources

The reliance on external suppliers for critical materials can create supply chain risks and price
volatility. Diversifying supply sources and investing in domestic production capabilities can help
build resilience and reduce economic vulnerability.
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5. Further development trends

5.1. Material Innovation and Research

Investing in research and development of new materials that are more sustainable, durable, and
cost-effective can help drive innovation in the public transport sector. This includes exploring the
potential of advanced materials such as composites, nano materials, and biopolymers.

5.2. Circular Economy Principles

Adopting circular economy principles, such as reducing waste, reusing, and recycling materials,
can help minimize the environmental impacts of public transport infrastructure and vehicles. This
includes implementing design-for-disassembly and design-for-recycling strategies, as well as
developing robust waste management systems.

5.3. Life-Cycle Assessment

Conducting life-cycle assessments (LCAs) of materials and infrastructure can provide valuable
insights into their environmental and economic impacts over their entire life cycle. This information

can inform decision-making and guide the selection of materials that minimize negative impacts
and maximize benefits.

5.4. Policy and Regulation

Governments can play a critical role in promoting sustainable practices in the public transport
sector by implementing policies and regulations that incentivize the use of sustainable materials and
discourage the usage of harmful materials. This includes setting standards for material selection,
providing financial incentives for sustainable practices, and enforcing regulations related to waste
management and emissions.

5.5. Public Engagement and Education

Raising public awareness about the importance of sustainable practices in the public transport
sector can help build support for these initiatives. This includes educating the public about the
environmental and economic benefits of sustainable materials, as well as engaging stakeholders in
decision-making processes related to material selection and infrastructure development.

5.6. Collaboration and Partnerships

Building partnerships and collaborations among government agencies, private sector companies,
and non-governmental organizations can help drive innovation and promote sustainable practices in
the public transport sector. This includes sharing knowledge, resources, and best practices, as well as
working together to develop and implement sustainable solutions.

6. Conclusion

The effects of materials on the environment and economy of public transport are complex and
multifaceted. To promote sustainable practices, it is crucial to adopt a comprehensive approach that
balances the needs for efficiency, durability, and environmental responsibility. This includes selecting
materials that minimize environmental impacts during production, use, and disposal, while also
considering their economic implications. In conclusion, the effects of materials on the environment
and economy of public transport are significant and require a comprehensive approach to address. By
adopting sustainable practices, selecting materials that minimize negative impacts, and implementing
strategies to eliminate negative effects, we could ensure that public transport systems contribute
positively to both the environment and the economy.
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