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Introduction 

Advanced Manufacturing 
At the Hanover Fair in 2011, a new term was used for a new industrial revolution; “Industry 4.0”. Industry 4.0 is to combine production, information technology and the internet. The introduction of digital technologies to support Industry 4.0, has revolutionised the process and efficiency of manufacturing. (Editors, 2019)

In the early years, the use of automation had been largely for very basic or specialist manufacturing. New automated manufacturing ideas had a break through with robots for precision tasks that were difficult to achieve consistent volume through human skills making specialised tasks expensive and limited availability of skilled workers able to undertake such tasks at volume.

By combining the functionality of a CAD based machine, providing an algorithm to follow using co-ordinates, early systems could undertake basic co-ordinated functions. By 2011 there were over 1 million robots active in the manufacturing sector worldwide. (Guardian, 2011) 

The benefits of advanced manufacturing are established to us now, with improved efficiency, creation of improved materials, overall durability, physical effort and even market positioning. However, new automated techniques were initially scaled in direct response to the erosion of trust by workforce. (Andrea Gentilia, 2020) 

Where the SME Grafmarine is referenced, it is abbreviated to GM. 

Materials 
One of great circular economy challenges is the future choice and use of materials. The growing recognition to include the approach to re-use, repurpose or recycle materials, is more complex when a product has a potential life cycle of over 30 years. Are we creating materials to last for many years or, are we creating materials that need replacing every five years, with additional manufacturing and recycling cycles? Are we even choosing the right materials initially to work with, and how do we recycle them to best effect in the future? The landscape is complex, changeable and becoming more subjective. We take the example of new composites over recycled metals as a specific part of a new product. The main goal here is to reduce waste and provide a fully circular solution affecting the choice of materials available and process recovery.

In concluding, the essay will set out: 
· How overall production approaches could be identified for Grafmarine through industry 4.0 manufacturing.  
  
· New composite material challenges for end of life, simplification of materials choice, new approach to materials’ choice, with client AI influence on product development.
· Social and location changes and Industry 4.0 workforce considerations

Main Section 

Current manufacturing approaches   
Most worldwide products are not fully automated in their manufacture. The manufacturing that is, are low cost, high volume, products where profits are based upon achieving massive volumes and market sector penetration through high volume sales. High-end products that involve any labour are luxury goods where workers are paid for skill sets that either manually assess the output of automation or, have a high level of craftsmanship that cannot easily be replicated without prohibitive costs for the range of knowledge required to automate the task. 
GM’s product is high volume, high value and high performance. The logical first step is to follow established thinking into what could be quite a manual intensive assembly process, based around thermosetting plastics, high performing parts integration and robust quality-controlled assembly for a product that should provide decades of use. At the end of life, the product would be dis-assembled and disposed of as part of the environment it operated in for many years and mostly landfilled. Any non-effective or broken parts along the way would be replaced and updated as part of a maintenance agreement. 
The technology opportunities of Industry 4.0  
The introduction of new IoT technologies combined with new innovative materials and rapid development processes is an opportunity that has not existed since the industrial revolution saw mass industrial automation for the first (documented) time in human history. The ability to monitor and record every stage of a manufacturing process can have far-reaching benefits into not just the product quality but also optimisation of the machinery used to make the product and the production process it goes along. (Kemper, 2018)
Data is supportive to the overall efficiency of a business and how it can manage business assets and create its products in the most efficient way. The management of process needs to be understood and developed, to eventually provide predictive maintenance and offer upgrades in the continued adoptive improvement pathway for the product. 
The wider opportunity is around how products can then be bespoken to a particular market or individualised within direct consumer input selections, diversify into other sectors easily and, in a conforming process be adopted quickly without large manufacturing or supply chain disruption. 
The circular economy’s huge challenge  
The circular economy is a defined way forward for GM’s product and services that can be re-used both in Second life settings and at end of life in a fully recyclable model. The need to understand the supply chain and end of life of products involves multi-point analysis. 
For the circular economy model, this often requires the reverse approach to designing and making product. Identifying the end-of-life is the start with design considered after function around end of life scenario, faciltating the early material choices to be made. (Camila Gonçalves Castro a, 2022) (JanHultinkb, 2017) (Rajeev Rathi a, 2022)
The manufacture of batteries is set to accelerate rapidly over the next few years. However, reserves of Chinese lithium – a key metal in this surge of new battery adoption, is set to run out (in China) around 2030 according the UN. The effect on lithium resources will be huge – as the low-cost manufacturing base in China will suddenly be hit with large import costs putting further stress on the rest of the World’s dwindling supply of lithium. The solution options are limited. 
One viable solution is the anticipation of new technology without lithium, however, these are not advanced enough yet for volume commercialisation or, the recycling and re-use of lithium materials which is currently expensive and, will only be viable when the price and quality standard of recycled lithium is comparable to the cost of new material. (Elena Mossali a, 2020) (Yaocai Bai 1, 2020) 
The development and use of new advanced composite materials, more efficient, less energy, but compromised by end-of-life disposal.  
The linear approach to manufacturing has proven an easy model to work with. The relatively recent consideration for end-of-life products has thrown established linear manufacturing into the unknown in the long term. 
The tax on plastics into the EU has made the consideration of their use an issue. So, we need to understand how we reduce plastic choices without rushing back towards using rare earth and mined metals or, further destroying nature for its bio-resins and flax fibres, all without compromising performance. New composites can offer more creative freedom in the design of a product and offer more diversity and individualisation through industry 4.0 for use but, must do so without compromising the whole-of-life consideration with their enhanced chemical additives and unknown consistent additive dispersions. (Kinga Korniejenko 1, 2021). This inclusion of 2d materials into base polymers and plastics has allowed improvements for thermoset parts to compete with metal parts on performance and weight gains. However, the complications of 2d dispersion within plastics make recycling and re-purposing complicated and largely unknown in the mid-term. 
GM supplier ‘A’ can break down GM composite designs into original constituent chemical groups for re-manufacturing, but the process remains at early stage, complex and leaves a certain amount of contamination within the separated materials that come out of the process. (Dragana Borjan 1, 2021) Also, the operating life environment of any energy product makes it is open to contamination, further compromising recycling. In addition, the embedded inclusion of 2d materials at molecular level makes the splitting of these composites difficult and structurally unknown in performance through several recycles as dispersion in batches changes quality and consistency of performance. The adoption of recycled materials’ analysis scanning through Industry 4.0 technologies has helped this process in some areas for recycling identification, but remains at low adoption levels. 
Another way to approach this would be to only include the materials within a closed supply chain bespoke to GM, supplement and introduce new materials when required through life span materials total losses, recycling process losses, or toxic contamination losses of products. 
The ability to secure materials’ supply recycling within the process needs to be included without compromising performance and overall recovery cost. One solution would be the blockchain management of new materials can be traced and graded through recycling. This would need to be assessed for performance. Stronger and purer parts could be created with higher new material inclusion and recycled parts used in less critical areas, with more recycled material content.

The required simplification of manufacturing and design, for efficient energy use
The anticipated rush towards mass additive manufacturing has largely failed to find its place in high volume manufacturing. The post treatment of AM parts has hampered and complicated its wider adoption, and leaves the technology mostly stranded in the prototype space or, for making novel high value one-off products, for now. The difficult persistent challenges remain hard to solve, cost of AM materials, energy and pre and post set-up. The one advantage of AM is there is no waste but the process is energy intensive and not efficient in most cases. (DanCenteaaIshwarSinghaMostafaYakoutbJanBoeraMoElbestawiab, 2020)
So how could you introduce the ability to make profitable the use of bespoke manufacturing without 3D printing? By Industry 4.0 techniques. The development of a ‘baseline product’ would allow the simplification of a manufacturing process. Within this base manufacturing set up, functionalised manufacturing can offer bespoke features within an industry 4.0 process. (Constantin Hofmanna, 2020)
For example, GM have the option of adding SaaS functionality that can be embedded within its products ready for activation, depending on its customer requirement. The activation of new features will also be extended into physical material changes through manufacturing process using meta materials that could change product functionality through ‘activation’ within bespoke manufacturing processes; all this potentially achieved within one Industry 4.0 enhanced manufacturing line.  
Digital Twinning and digital scaling
Digital twins can provide cost-savings at every level. Advanced industry sector specific software such as Siemens SimCenter (Siemens, 2022) can provide limitless windows into the whole supply chain. The ability to make a detailed change in the design can ripple through the entire life-cycle of the product in a digital exercise. This allows in-depth assessments before committing to high levels of spend on prototypes and installations. It also identifies where improvements can be made and product optimisation accelerated. This may be the most effective initial spend any linear manufacturing business could make to evaluate where they need to change. Schemes like MAKEUK have been very effective in solving industry issues in this area. 
For GM this allows mass arrays to be assessed for vulnerabilities and helps understand development pathways and bespoke installations for marine sector assets. We aim to work with academics as well as existing commercial experts to develop our own digital twin technology roadmap. 
The wider choice of materials and their future implications
The complexity of composite materials doesn’t reside in their combination possibilities, it lies in the ability to improved understanding of materials at nanoscale. (Nguyen, 2022) I.e. improved understanding of materials interfaces rather than their effective dispersion, this could lead to improved successful long-term ‘pure’ recycling. For example, the thermal gaps between materials that were considered too diverse for use together can be closed using specialised manufacturing techniques. This development and creation of active ‘glue’ materials allows manufacturing to retain the use of very pure base materials and makes recycling relatively straight forward. GM successfully began working with a University in Wales several years ago looking into some of these material fusion technologies. 

Machine learning (A.I.) for improved client understanding
Artificial intelligence or machine learning will be critical in the future of manufacturing. What is possible will be measured and improved at micro-scale by the adoption of new sensor technologies that are cheap, insightful and can be cmpatible with older manufacturing equipment. (Niladri Syama, 2017)
Closing the knowledge gap between manufacturing and product life durability could become important in maintaining and improving long term reliability. For most products, once it leaves the premises there is very little a manufacturer can do to understand how it is used and how long it lasts, unless it gets returned by the end-user once it has failed. 
The automotive sector has struggled to know how vehicles are maintained and last after the manufacturing warranty has expired. The use of dealer servicing and maintenance also drops off at this point, as well the use of non-OEM parts further compromising longevity and quality. The introduction of extended warranties by Korean vehicle manufacturers added more data to understand points of failure for their vehicles beyond most European brands of 1-3 years’ warranty. This allowed the Koreans to improve quality and catch-up quicker to higher standards, as they could see failures over a longer period of engagement with the vehicle use and customer experience. This has only been disrupted by the arrival of Tesla, a business model based upon live customer data, where driver’s journeys can be recorded, leading to whole new insights of customer and vehicle engagement. (Andreas Theissler a, 2021) 
The adoption of new technology with predictive behaviour models could allow any manufacturer to provide predictive maintenance. That can extend to individual product parts, understanding how they can be used to get the best life cycle within the environment they will operate in. GM is looking into group behaviour of their products when they are used in a particular way and in a certain location by a customer. Other circular economy businesses are looking into this, such as RiverSimple and Polestar, the creation of a fully circular economy business increases long term profitability by improved circular use of materials and assets.  
Performance monitoring technology has been successfully deployed at the high end of manufacturing for some time. The live monitoring of aircraft engines is well documented. However, this technology can now reach lower value products in their operating environment via A.I. The creation of a seamless system to engage the production of parts looping through their life’s operation can directly and quickly feed back into rapid learning and identification of future vulnerabilities and weaknesses. When there are multiple points for recording data this can be used to further optimise a product for its local operating environment. (Simon Zhai *, 2021)
The varying performance of sections of multiple products can have huge implications for grid energy storage and management. The ability to learn how that can be managed is both important from a client as well as a manufacturing supply to operating requirement perspective.
GM have been working with a UK University into introducing this insight for their product. The behaviour of sensitive electronics and the materials around them are subject to varying temperatures of between -10ºc and +60ºC. GM are creating novel ‘dynamic’ materials that can change to the environment they operate in. This will be ‘learned’ using A.I. looking at behavioural indicators such as long-term performance and predictive life of product depending on where it locates in its operational life. 
Machine learning (A.I.) for Industry 4.0 user improvement.  
Artificial intelligence or machine learning will be critical in the future of manufacturing but its impact on client data gathering will be greater. The ability to provide the ultimate product may only be a possibility if the data engagement with a supplier and manufacturer is seamless.
With machine learning this could go beyond the current maintenance schedules, such as with the development of new self-healing surface meta materials, the future possibilities to provide ongoing maintenance are limitless, reducing expensive maintenance and being able as a manufacturer to offer a completely progressive system, throughout the viewpoint of the client use of a product, without the client. (Simon Zhai *, 2021)
The continued development of client products could no longer be a mutual engagement. The use of a certain new products could be based around a delivery model agreement. This agreement may involve the commitment to provide a service or product for a specified time. How that is maintained is dependent on the supplier being efficient to deliver that agreement. The introduction of A.I. can provide a benefit to further understand the use and insight into a clients’ use of the product. This data can then be used to improve the user experience or efficiency of a product, so effectively taking a standard product and enhancing the bespoke value to a customer through digitisation and how it is used, rather than physical attributes that may not be required to get market lead. 
For GM future needs will be met through digitisation of the whole product through their clients, this will allow the introduction of a standard product with embedded technology that can be activated and be influential at certain times in the product lifecycle and through ongoing use. The adoption of blockchain technologies allows the tracing and accountability of materials and parts through a geographical and regional extended network as the product extends its reach into other parts of the world. The need to maintain quality is critical to system integrity and any replacement parts must be made available, quickly and wherever they are required.  
GM’s challenge is operating at worldwide scale. With the prospect of our product being used anywhere in the world, and more importantly being able, through use, to go anywhere in the world, the need for predictive management is never more important. 
The ability to optimise the product digitally is now a reality, with predictive use of such things as energy and service intervals, the gathering of deep learning data is important to supplement the basic product’s operating ability, with long term recorded data. One of the first products available to take advantage of this was HIVE – the now British Gas energy management system, this can be added to by smart fridges and high-end robot vacuum cleaners. It’s no longer enough to provide the best physical product but understand the maximum impact for your client in how it is used and optimised.   
Cybersecurity and Risk Management for SME 
Artificial intelligence or machine learning will be critical in the future of manufacturing. What is possible and influential can and will be measured for improvement. The burgeoning reliance on digital networks is hugely efficient for the movement and management of data and control however, the IoT has its own challenges. Even if everything is seamlessly connected, there is more risk of failure through the delivery nodes of any network the larger a network grows. 
Cyber risk; gaining control of transport assets has been proven to be possible. Sensitive equipment on aircraft and vehicles needs to be protected and secure. The consequences for getting this wrong are severe. For example, the navigation of large ships is now automated at point of entry for large ports and harbours. Software needs to be secure and not open-sourced to reduce risk.
For an SME developing software around energy use this needs to be secure at every. On larger ships there is an acute shortage of technical knowledge amongst most crews outside a small number of officers, the reliance on technology is greater than ever, to deliver the ongoing tasks on a ship. Crew energy management is not guaranteed at sea via a manual process and therefore requires a system that can run alongside the crew and daily operational of a ship.  
ESG (Environmental, Social and Governance impact)
GM are committed to become one of the first fully circular renewable energy product manufacturers. Over the next 20 years, the UN states that over 80 million tonnes of mostly Far Eastern toxic PV will have to be broken up and disposed of in landfill. GM will not be part of that story. 
By adopting the right choices now, through carefully managed second life use of our products into developing nations at low capex, GM can manage to benefit both industrial and technology requirements and deliver unique power solutions to energy and space-poor coastal communities into the future, eventually recycling their products back into re-manufacture. (brown, 2020)
Workforce and Social Factors
The industrial revolution displaced many people from the rural settings that had provided stability for centuries. The wider effects of early industrial energy use will last for thousands of years. 
Snow samples on Mt Everest provide evidence of tiny layers of soot from the time of huge industrial scale-up. This surge into industrialisation has supported an expansion with population growth. The demand for perceived Western lifestyles leaves the planet exhausted and in danger of catastrophic natural resource collapse. The rise in predicted planet temperatures could have effects in rising sea levels but more profoundly, affect up to 70% of existing farming locations for the continued production of food. The reliance on food production for countries such as China is very important, as they are unable to sustain their own population’s food requirement within their own borders. 
Very rapid change is required to reverse climate change and improve use of energy and provide more responsibility for materials’ use. The consequences for the workforce are now just as profound as during the Industrial Revolution. The widening gap between the highly skilled and lower-skilled workforce is already widening, this will widen further as new digital approaches to work will displace older less agile methods of working. The digital knowledge gap may be profound for many people, this is already appearing in the everyday use of the internet and digital technologies with each aging generation becoming less equipped to deal with every progressive new digital change. (Gábor Szabó-Szentgróti 1, 2021)
The future of manufacturing lies locally, transportation of goods across the globe into other markets does not make sense. Technology will have to provide fresh fruit and vegetables locally, rather than flying food across the planet at huge carbon emission cost and increased food security risk from the next pandemic. 

Manufacturing co-ordination could be managed centrally. We are already seeing in the clustering of similar complimentary companies working together. The UK’s Industrial Strategy (BEIS, 2021) included a mission to “establish the world’s first net-zero carbon industrial cluster by 2040 and 4 low-carbon clusters by 2030.” 

Sadly, despite world-leading research, the UK, including Wales, lags behind most of the Western and Far East countries including Japan and Korea, for direct investment into new commercial green innovation. (Kowalski, 2021) This has led to imbalances geographically in the UK with less affluent areas becoming subsidised resulting in reducing diversity and technologically supported workers becoming isolated. The consequences for the late financial support for UK new technology businesses is yet to be felt. For example, the UK only invested a tenth of financial support into hydrogen development compared to other EU nations and innovation support, in particular from the Welsh government is extremely poor through risk aversion with early-stage innovation. 

Migration to the major city centres has left rural and less populated areas searching harder to attract highly educated staff. However, post-COVID, many people’s appetite for returning to the office has dwindled, the ability to work anywhere has resulted in numbers of online-based digital entrepreneurs being able to live away from their income sources. This trend will continue increasing the mobility and reach of the ‘connected’ workforce. The drivers of specialist technologies with  niche skill sets will form networks to serve global clients digitally through multiple locations. 

	 
Conclusions 
Materials choice 
The options for material choices are growing in line with specific customer demand. The increased recognition that something is very unsustainable has been at play for hundreds of years, is now becoming a massive problem as it threatens to contribute to destabilising the entire planets natural system. 
Simple choices for improvements to what we do and, how we go about our lives must be made to ensure eventual sustainability. However, these choices are not straight forward. The best example of this is the arrival of cotton shopping bags for life, which ‘feel’ more responsible but actually to create and dispose of them would equate to using the same plastic bag over 2,000 times. 
The message of what and why you take a specific approach could make or break a business in the future. The choices are complex, not clear cut and can be perceived wrongly through misinformation by external assessment via social media. 
The drive towards new hi-tech materials is driven by increased performance and largely held back by sustainability.  The choices are simple we can live in a more sustainable world, but we have to compromise in the short term to adjust to what we need to do. 
The alternative is to find solutions to continuing along with the same materials and approaches but finding ways to improve an existing linear model. By starting at the end-of-life solutions, we should reconsider what we need to provide as a design and a manufacturing solution with recycling. 
This new skill set requirement is more complicated and diverse than ever. This can only grow into a circular economy through finding the supply chain with the same circular vision and common values as your business. This will require whole sections of the economy to change and adapt to working more collaboratively and will take time. 
The development of blockchain traceability, driven through legislation and socially responsible materials sourcing, could eventually result in competition for scarce recycled high-grade materials such as lithium. The ethics of materials’ use and source will change and become more important. 
The need for more dynamic and performance materials will continue and so will the sustainable approach to materials using recycling and re-purposing. The right combination of both will be the balanced approach. How that is achieved at product level, will depend, on a company’s cultural story and social responsibility to it’s client base and ultimately the wider population’s tolerance based on how it affects people’s lives.     
Industry 4.0 
The advancement of digital technologies has reached a next level. The use of digital twinning and other digital assessment of everything from business models to workforce compatibility has changed the make-up of how a company can now operate. 
The digital-led approach for manufacturing is equally compelling. The upgrading opportunities for linear manufacturing can provide short term quick optimisation. The long-term opportunities for total customer product engagement, with bespoke products is much wider. The advancement of algorithm technologies for A.I. management are profound and far-reaching. The ability to manage short term data can long term lead to deep tech levels of understanding. The ability to record this information and use it effectively are equally relevant. Data and knowledge are the defining technologies for driving businesses forward in the future. This provides the very source of what a customer needs and is based on fact rather than subjective opinion.
Social 
As with all large-scale social and economic change, this will be driven by legislation and government support. Globalisation has eroded working opportunities for the low-skilled, whilst created a band of defined highly skilled and ambitious workers with great opportunities ahead globally. The attraction of these highly skilled workers will be about the opportunity and not the location as people can be based anywhere. (Anshari, 2020)
The implications for this are socially and regionally quite serious. Clusters of industry are already forming to develop niche manufacturing. These clusters will seek relevant locations to their market for maximise opportunity and will only set up in the right commercial areas. This could result in large expanses of geographic regions being left to eventual accelerated economic decline. The start of this can be seen in some UK and Wales regions. There is a huge economic disparity between North and South Wales, as there is in England the further north you travel from London in England. The UK government’s ‘levelling-up’ programme (Government, 2022) could already be running against long term commercial reality. 
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