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[bookmark: _Toc161320550]Introduction

The use of such advanced materials is pivotal in extending the lifecycle of motorcycles, reducing environmental impact through lesser energy consumption and longer intervals between replacements. Manufacturers are also exploring sustainable advanced materials, including bio-composites and recycled metals, which promise to further minimize the ecological footprint of motorcycle production by lowering resource depletion and manufacturing emissions. As the industry continues to innovate, the selection and application of these advanced materials in motorcycle chassis construction remain central to achieving a balance between performance, safety, and environmental sustainability. Other vehicles and forms or transport use advanced materials such as composites. “About 50% of Boeing 787 Dreamliner is made from composites, and reduced fuel consumption by 2%”. (Serope Kalpakjian and Schmid, 2014).

[bookmark: _Toc161320551]Chassis

The material of a motorcycle's chassis is paramount because it must be lightweight to enhance performance while maintaining structural integrity to support all components of the bike. Serving as the motorcycle's skeleton, the chassis not only forms the foundational shape of the bike but also dynamically integrates its various systems. 
Advanced materials such as “mild steel, titanium, aluminium, magnesium, and carbon fibre are together with this composite of materials in a current use.”( Nasrul Faez Bin Juhari, M, 2017).  

[bookmark: _Toc161320552]Bodywork

The bodywork plays a critical role in the aerodynamics of a motorcycle along with an aesthetic appeal for consumers. Using advanced materials, such as carbon fibre composites, is becoming more popular due to the strength-weight ratio, and how flexible it is to shape. The materials are important because if the rider were to crash, the internal components would be more protected meaning less money would be spent fixing the bike. Pushing the boundaries of aesthetics, materials, and strength is what manufacturers must think about, as well as keeping up with legislations ensuring the production line is up to standards. A greener production method would be more pleasing to consumers knowing the lifecycle of the product and scraps within manufacturing would be recycled appropriately and more cleanly. 

[bookmark: _Toc161320553]Materials and Sustainability


The choice of material in motorcycle manufacturing is crucial, significantly impacting the vehicle's performance, durability, environmental footprint, and safety. Using materials that are lightweight yet lack sufficient stiffness can compromise several aspects of the motorcycle, noticeably affecting the rider's comfort and overall riding experience. Engineers must carefully balance the weight and stiffness of materials to ensure optimal performance. These materials must withstand the pressures and forces exerted on the chassis system, whether the motorcycle is designed for road use or track racing.
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· The Motorcycles (Type-Approval) Regulations 2018.
· EU Regulation (2013/168) governing the European type approval framework for motorcycles, tricycles and quadricycles (lightweight low power vehicles with four wheels).
· EU’s Industrial Strategy and the Green Deal Industrial Plan.
· The Critical Raw Materials Act.
· The Net Zero Industry Act.
· NS&I Act and the Advanced Materials sector.

The above shows a small list of different legislations that must be followed when using advanced materials in manufacturing. More information on the acts are found in the appendices.
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Figure 2: (GOV.UK, 2013)

The future of advanced material production within the motorcycle industry is in transformation and is influenced by the new emerging technologies. Government schemes are set to help with the production to help with the change to help efficiency to improve how much carbon is released from countries. Super factories in major countries are the main reason why the industry of manufacturing must change to find a greener lifestyle along with the materials that are being used. The government’s approach is to help smaller companies shift their manufacturing to improve process control, product traceability, and customer engagement. “The factories of the future will be more varied, and more distributed than those of today. The production landscape will include capital-intensive super factories producing complex products; reconfigurable units integrated with the fluid requirements of their supply chain partners; and local, mobile, and domestic production sites for some products.” (GOV.UK, 2013).
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Sustainability is crucial in the manufacturing of products, especially when utilising advanced materials. It encompasses a multifaceted approach that includes environmental, economic, and social considerations. As the motorcycle industry evolves, driven by consumer demands and the pursuit of meeting specific needs, the focus on sustainable practices becomes increasingly important.

[bookmark: _Toc161320556]Technology

Technology is a vital role in transforming motorcycle manufacturing into a more sustainable and efficient role. Research into material science, such as the development of lightweight composites and recycled polymers, are revolutionising motorcycle design and improving aerodynamics whilst enhancing the durability. 
The technological advancements in the manufacturing processes such as 3D printing, offer the precise, efficient, and waste-reducing production. This can be costly having to change a lot of the line process machines and electronic systems to ensure the safety and that the product is up to the highest standards. Through the lens of technology, the motorcycle industry is navigating its path toward a more sustainable future, demonstrating that innovation can drive both environmental responsibility and market competitiveness.

[bookmark: _Toc161320557]Development

The development of new, environmentally friendly, and high-performance materials for motorcycle manufacturing presents a complex and costly challenge. Continuous research and development are essential to discover and refine these materials, ensuring ongoing enhancement. This endeavour is crucial for maintaining the functionality and safety of motorcycles at high standards. By investing in technological advancements, the motorcycle industry can better meet sustainability objectives while ensuring products meet consumers' expectations for performance and reliability.
In the development phases for advanced materials in manufacturing, the balance, and the challenge of integrating environmental and technological advancements are top priorities. The demand for research and to refine materials for testing creates a costly development but it balances out the advantages over disadvantages. The pursuit of these goals is crucial for maintaining the high standards expected by consumers and for meeting the increasing demands for sustainability. Manufacturers who invest in these areas are not just responding to current trends; they are positioning themselves at the forefront of the industry, ready to meet future challenges with innovative solutions that balance performance with environmental responsibility. The development of such materials and technologies represents a significant step forward in achieving a more sustainable future for motorcycle manufacturing, demonstrating a commitment to innovation that respects both the planet and the high expectations of riders worldwide. “The use of lightweight plastics and composite materials in the automotive industry has been increasing in recent years due to legislative and consumer demands for lighter weight, fuel-efficient vehicles. In some cases, plastics are replacing heavier ferrous materials whereas; in other cases, plastics and composites are being added for consumer comfort purposes.” (Mekonnen Asmare Fentahun and Prof. Dr. Mahmut Ahsen Savaş, 2018).

[bookmark: _Toc161320558]Economic

The economic challenges of integrating sustainability and advanced technologies into manufacturing to help with new materials can be difficult for many smaller businesses when trying to keep up with the trend. The financial part of development can be significant whether it is for testing, manufacturing new materials, or creating a sustainable technological company. Examples of what would cause the financial barrier are:
· New machinery
· New tools
· Training
· Competitive pricing
· Production expenses.
The list above will make companies deter from being as sustainable as they could be whilst staying within the legislations. The economic side of manufacturing calls for sustainable products and technology but the price cap is so high many companies struggle. This means the balance of consumer desire and material is thought about carefully. This can put many companies into a tight situation by having to create strategic practices to implement all the problems they have to face. 

[bookmark: _Toc161320559]Social

In the context of motorcycle manufacturing, the social dimension poses unique challenges, particularly affecting those workers involved in sourcing materials. The industry's shift towards sustainability and advanced technology presents an opportunity to enhance the well-being of these individuals and their communities. Implementing ethical sourcing practices and promoting equity are crucial steps in fostering area development and enhancing the company's social responsibility footprint.
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Figure 3: (Mekonnen Asmare Fentahun and Prof. Dr. Mahmut Ahsen Savaş, 2018).

The extraction and manufacturing of materials, especially in less regulated regions, often spotlight the exploitation risks by larger corporations. The demand for materials such as carbon fiber and rare, raw materials has potential environmental and social repercussions, leading to community degradation and adverse health impacts. Historically, such scenarios have been exacerbated by low wages and subpar working conditions. In response, many companies are adopting fairer practices, improving wages, and enhancing work environments to bolster their reputations and contribute positively to community welfare.
Training and development emerge as fundamental strategies in equipping workers with the necessary skills to manage advanced materials responsibly. This not only fosters a culture of innovation rooted in social responsibility but also aligns employee values with ethical business practices, creating a workforce that is both skilled and ethically engaged. By focusing on ethical practices and worker development, the motorcycle industry can navigate the complexities of social sustainability, ensuring that its advancements in sustainability and technology contribute meaningfully to the broader community and environment.

[bookmark: _Toc161320560]Solutions

To help address the problems of the challenges of sustainability, technology, development, economic and social aspects of motorcycle manufacturing. Different solutions can be used to help overcome obstacles creating sustainable growth and responsible practices.

[bookmark: _Toc161320561]Sustainability and Technology Solutions

To help enhance sustainability and technology efficiency, motorcycle manufacturers can gain leverage by partnering with research institutions and finding suitable start-up. Collaborating with companies in material science can not only help with improving the advanced materials that the company is interested in but also help with improving what manufacturing process is the most ecologically efficient and cost-effective strategy.  Adopting ecological principles helps with gaining more grants from the government. Investing in renewable sources and energy, lowers the carbon footprint, aligning with sustainability helps with recycling, and reduces waste.


[bookmark: _Toc161320562]Development and Economic Strategies

Overcoming the economic challenges of developing new materials and technologies does mean creating strategic plans financially and gaining external funding. Grants and green investments are made to help companies become more sustainable and help with the development of new projects. Implementing all of these within a company helps with managing all the costs and reducing the company's financial risk. The scalable part of the manufacturing can be adjusted based on consumer demand and ensures the machinery and training are at maximum efficiency.


[bookmark: _Toc161320563]Enhancing Social Responsibility

Educating consumers as well as workers creates benefits of more sustainable and ethical production which would help shift the motorcycle industry to have a greater demand for more responsible products. By creating a clearer market and communicating their views, a company will gain more social and environmental benefits making their motorcycles more desirable. The performance and aesthetics of the motorcycle industry create a broad view of consumers. And by showing how their manufacturing and extraction of the materials, consumers would more likely switch to the cleaner company to create a better name for themselves.
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Figure 4: shows advanced material structure. (Frketic, Dickens and Ramakrishnan, 2017).
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Using advanced materials such as carbon fiber, bio composited and recycled metals offers significant advantages environmentally. Reduced weight, using these materials reduces fuel consumption due to how lightweight the motorcycle would be, which reduces how much emissions are released. The materials can be posed as having many challenges and would need to be tested repetitively to ensure their sustainable potential. “In the United States, 9 million passenger cars and 300 million tires were discarded along with 5 billion kg of plastic products” (Serope Kalpakjian and Schmid, 2014), shows how products need to be changed as a lot of these parts would be going into landfill.

The manufacturing process of advanced materials can become energy-intensive and release more emissions. To reduce this impact on the environment companies would need to invest in cleaner, more eco-friendly manufacturing technologies. This can include the adoption of renewable energy resources and the implementation of a closed-loop system that reduces waste and helps facilitate the materials. 

Additionally, the end-of-life management of motorcycles made with advanced materials presents environmental challenges. Traditional recycling methods are not as suitable for certain advanced materials such as carbon fiber composites, due to how they are manufactured and their complex structures. Developing different recycling techniques that can effectively recover and repurpose the materials is crucial to help with the environment and improve the company’s viewing from a consumer’s perspective. “In 2011, the amount of carbon dioxide to be released was 2.4 million pounds per second, China being the most polluter.” (Serope Kalpakjian and Schmid, 2014). Putting effort into showing the company is willing to improve its emissions, creates an economic improvement meaning more viability to get more materials. But recycling does mean relying less on raw materials but using the scraps and lower material costs.

To maximise the environmental benefits of using advanced materials, manufacturers would consider the entire lifecycle of the products. This is from when the material had been extracted, to the disposal of the product. Lifecycle assessments (LCAs) can provide valuable insights into how the production of a product causes environmental impacts from the varied materials, manufacturing strategies, and designs. “LCA can perform effective analysis not only of environmental impact on the current phase, but also on the whole production life cycle, or cradle to grave” (Singh, Ohji and Asthana, 2015). By conducting LCAs, manufacturers can identify any opportunities that help reduce the environmental impact at any stage of the product’s lifecycle. This can ensure that advanced materials contribute positively, making consumers feel more desired to change their views and switch to the company. “The LCA helps with the improvement of government programming of energy, transportation, and waste treatment, to help build up material information” (Singh, Ohji and Asthana, 2015).
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Figure 5: shows an example of LCA. (Singh, Ohji and Asthana, 2015).
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The future of motorcycle construction is within its transformation era due to the advancements in materials science and transformation to more sustainable manufacturing. The production of advanced materials is becoming more popular in the motorcycle industry, especially more in the racing industry due to how lightweight the materials are and the cost of replacement. As the materials are characterised by their lightweight, high strength, and environmental friendliness, not only enhance performance but does minimise the ecological footprint of these vehicles. By using bio-based polymers, carbon fiber composites, and recycled metals, offers a glimpse of how motorcycles are getting lighter and stronger, but are heading to the eco-friendlier sustainable route.

One of the key aspects which is behind the development of advanced materials is the increase of legislations on reducing emissions, whilst improving energy efficiency. Not only certain companies but there is also an increase in global efforts to combat climate change, and motorcycle manufacturers are under pressure to help deliver the products within the legislations. The use of lightweight materials directly contributes to the objective of improving fuel efficiency in combustion engines. The integration of materials derived from renewable sources reduces resource depletion and helps promote the economic principles within the industry.

The production of these materials is changing to ensure that sustainability and efficiency be its core aim. Different techniques such as 3D printing and automated assembly are becoming more popular allowing them to be as precise and wasteful as possible. These manufacturing techniques help with the creation of complex components which were difficult to be made previously, but also significantly lower energy consumption and material waste compared to traditional manufacturing methods. As technology improves, it enhances the capabilities of what motorcycle manufacturers can achieve. This will correlate with testing as more money can be spent creating more advanced materials knowing what the capabilities of the materials can achieve. This will help create the high-performance production that companies require, along with sustainable products at a competitive cost. 

The collaboration and innovation of technology and materials will overcome many challenges based on how motorcycles are manufactured. As the industry navigates more towards sustainability, high performance, and cost, the shift of materials is important to help motorcycles be at their best production. Joining up with other teams to help achieve these goals is important but creates a strategic partnership that will improve all the problems that are being faced now. Regularity help from governments will be given as showing the improvement of change will mean grants would be given out helping to boost the adoption of advanced materials.
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Summaring over how the industry of motorcycle engineering are using advanced materials, it is becoming more popular but will take a while to become as popular. The push towards integrating environmentally friendly, high-performance materials is not just a response to increasing environmental awareness and legislative pressures but a forward-thinking approach to motorcycle design and manufacturing. Advanced materials such as carbon fiber, bio-composites, and recycled metals represent a significant leap towards achieving motorcycles that are lighter, more durable, and less environmentally impactful. This shift towards sustainable materials and manufacturing processes underscores a broader commitment within the industry to harmonize the thrill and performance of motorcycles with the pressing need for environmental stewardship.
The challenges associated with this transition, from the economic hurdles of research and development to the social responsibilities of ethical sourcing and labour practices, are as formidable as they are crucial to address. As the industry evolves, driven by both innovation and regulatory demands, the careful selection and application of these advanced materials become central to realizing a future where motorcycles continue to inspire riders without compromising the planet's well-being.

Looking forward, the path to fully integrating advanced materials in motorcycle construction is complex, requiring a collaborative effort that spans manufacturers, suppliers, researchers, and policymakers. The economic challenges, particularly for smaller enterprises, highlight the need for strategic financial planning, external funding, and most importantly, scalability in manufacturing to adapt swiftly to market demands. Socially, the industry's move towards sustainability and advanced technologies offers an opportunity to enhance the well-being of individuals and communities involved in the production process, emphasizing the importance of ethical practices and worker development. By addressing these multifaceted challenges, the motorcycle industry can effectively leverage advanced materials not only to meet but also exceed the current and future expectations for performance, safety, and environmental sustainability. 
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· The Motorcycles (Type-Approval) Regulations 2018.
Came into force: 20th May 2018
It designates the Secretary of State as the approval and market surveillance authority, ensuring motorcycles meet rigorous safety and environmental standards. This legislation aims to enhance vehicle safety, promote environmental sustainability, and support the adaptation to future technological advancements in motorcycle manufacturing.

· EU Regulation (2013/168) governing the European type approval framework for motorcycles, tricycles and quadricycles (lightweight low power vehicles with four wheels).
The European motorcycle framework, evolving since 1992, has transitioned from partial to full harmonization of standards with Directive 2002/24, leading to EU Regulation 168/2013 which introduced stringent safety and environmental standards. This reflects a deepening commitment to motorcycle safety, sustainability, and compliance within the EU.

· EU’s Industrial Strategy and the Green Deal Industrial Plan.
The Green Deal Industrial Plan introduced the concept of key enabling technologies, such as advanced materials and critical raw materials, to bolster the skills needed for an industry that is open, promotes fair trade, and aims for net-zero emissions.

· The Critical Raw Materials Act.
The Critical Raw Materials Act acknowledges the significance of advanced materials in enhancing materials efficiency and promoting circularity, introducing a unified strategy with EU countries concerning advanced materials.

· The Net Zero Industry Act.
The Net Zero Industry Act is for companies use a more sustainable method of manufacturing, mostly aimed for the advancement of advanced materials.

· NS&I Act and the Advanced Materials sector
Acquirers in the "Advanced Materials" sector, defined to include materials with potential military applications, must notify the UK Government under the National Security and Investment Act to assess the transaction's national security implications. This broad mandate covers activities from research to recycling, highlighting the nexus of innovation and security.
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