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[bookmark: _Toc135771088]Introduction: 
Manufacturing has been a significant driver of economic growth in many countries, and the production processes have undergone significant changes over the years by adopting a range of modern technologies such as cloud computing, blockchain, and augmented & virtual reality (AR/VR). 
This essay investigates current manufacturing systems and examines how manufacturing systems have evolved and become increasingly complex at meeting the demands and challenges often faced in modern production processes. The essay also discusses the various types of manufacturing systems and evaluates their effectiveness in meeting production demands.
Traditional methods have given way to modern technologies such as robotics and automation, artificial intelligence, and the internet of things (IoT). These and other technologies have brought with them improvements in almost every aspect of production measurement by increasing efficiency, quality and flexibility while also reducing direct costs.
The environmental and humanistic impact of the implementation of these technologies often comes as a double-edged sword with both benefits and newly introduced problems. These polar benefits and implications are presented with examples of how these humanistic or environmental implications could be manifested.
Further economic and societal benefits exist with the adoption of these technologies such as Job creation and improved worker safety and examples of these benefits are highlighted. 
Some unique manufacturing problems are considered and suggestions on how these emergent technologies could help resolve them are proposed.  Along with these potential resolutions many new and exciting opportunities are evaluated and examples outlined.


[bookmark: _Toc135771089]Current Manufacturing Systems: 
Manufacturing systems have evolved significantly, and there are now several types. Some types of manufacturing systems include:
Job shop which are suitable for producing small batches of custom-made products, 
Batch production which are suitable for producing larger batches of standardised products, 
Continuous production systems are suitable for producing large quantities of products at a high rate of production, and 
Cellular manufacturing systems are suitable for producing families of products with similar manufacturing processes. The effectiveness of these systems varies based on the production demands of the organisation.

[bookmark: _Toc135771090]Measuring the Effectiveness

An often-used method of measuring manufacturing effectiveness is by using Overall Equipment Effectiveness (OEE).  This method of measuring productivity has been around since the 1960s and was coined by Seiichi Nakajima who has also been credited for pioneering and creating the Total Production System (TPM).  
The method of measuring a manufacturing OEE is be measuring 3 key measures.  These 3 measures are:
1. Availability
2. Performance
3. Quality
Availability is a percentage measure of uptime over maximum available time of a manufacturing system.
Performance is a percentage measure of production rate over time of a manufacturing system.
Quality is a percentage measure of how many good units over total units are produced by the manufacturing system.
These three percentages are multiplied together to give an overall equipment effectiveness score of OEE%. (Hansen, 2001).  The OEE established KPI method has stood the test of time in being able to measure an effective manufacturing system.
However, the effectiveness of these new manufacturing systems can best be evaluated based on several factors in addition to those measured by OEE, including:
Production efficiency measures the production rate and the number of defects in the production process. 
Production cost measures the cost of producing a product, including the cost of raw materials, labour, and overhead. 
Product quality measures the consistency of the product and the number of defects in the production process. 
Flexibility measures the ability of the manufacturing system to adapt to changes in production demands. (Burger, et al., 2017)

Automation, artificial intelligence, and the internet of things (IoT) have made significant contributions to the effectiveness of modern manufacturing systems. Automation has led to increased production efficiency, reduced production cost, and improved product quality. Artificial intelligence has led to improved production planning and scheduling, reduced downtime, and improved product quality. The internet of things (IoT) has enabled real-time monitoring of the production process, improved supply chain management, and improved quality control.
Challenges facing current manufacturing systems include the need to adapt to changing market demands, the need to manage supply chain disruptions, and the need to manage cybersecurity risks. To remain effective, manufacturing systems need to be flexible, agile, and resilient to adapt to changing market demands.

[bookmark: _Toc135771091]New and Emerging Technologies

Through Industry 4.0 Digitalisation, many new and emerging technologies can be exploited to enhance current manufacturing systems.  Digitalisation is a wide subject matter and arguably has been ongoing since the advent of Programmable Logic Controller (PLC) control. The fact is though that since this digitalisation has been ongoing over such a long timeframe, very few analogue methods of manufacturing remain. (Mourtzis, 2020)
Some of these technologies that can take advantage of this digitalisation and be utilised to adapt current manufacturing processes and practices are as follows:
Additive Manufacturing (3D Printing): 3D printing is a rapidly evolving technology that can be used to produce complex designs in a shorter time than traditional manufacturing methods. This technology can be utilised to produce prototypes, small batches of customised products, and even large-scale production runs. It can also reduce material waste and increase design flexibility.

Robotics and Automation: Robotics and automation have been utilised in manufacturing processes for some time. However, new and emerging technologies such as collaborative robots, also known as cobots, can work safely alongside humans and can be used for more complex tasks. They can also be used in hazardous environments where human intervention is not possible.

Internet of Things (IoT): The IoT is a network of connected devices that communicate with each other and can be used to monitor and control manufacturing processes. By integrating sensors and smart devices, manufacturers can optimise their processes, reduce downtime, and improve product quality.

Augmented and Virtual Reality (AR/VR): AR/VR technologies can be used to visualise and simulate products and processes, allowing manufacturers to identify and resolve potential issues before production. They can also be used for training and collaboration purposes, allowing remote teams to work together on a project.

Artificial Intelligence (AI): AI can be used in manufacturing to improve quality control, optimise production processes, and predict maintenance requirements. By analysing data from sensors and other sources, AI algorithms can identify patterns and trends, enabling manufacturers to make more informed decisions.

Blockchain: Blockchain is a distributed ledger technology that can be used to track and trace products throughout the supply chain. This technology can improve transparency and accountability, reduce fraud, and improve inventory management.

Cloud Computing: Cloud computing can be used to store and access data and applications over the internet. This technology can enable manufacturers to access and share data in real-time, reducing the need for on-site infrastructure. (Kim & Oh, 2022)

These are just a few examples of new and emerging technologies that can be utilised to adapt manufacturing processes and practices. Others exist such as Cyber Physical Systems (CPS) and Digital Twins with more emerging every year. By adopting these technologies, manufacturers can improve production efficiency and flexibility, reduce costs, and improve product quality.
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In addition to the benefits and improvements that these technologies can provide there are also humanistic or environmental implications of such adoptions:

Additive Manufacturing (3D Printing): Additive manufacturing has several benefits, including the ability to produce complex designs quickly and cost-effectively. It also reduces material waste by using only the required amount of material to create the product. However, the environmental impact of 3D printing depends on the materials used since the production of 3D printing materials can be energy-intensive and generate waste, as well as the energy consumption required to power the printers. Additionally, while 3D printing can reduce labour costs, it can also lead to job displacement.

Robotics and Automation: Robotics and automation can help increase productivity, reduce human errors, and enhance safety in manufacturing processes. From a humanistic perspective, automation can eliminate monotonous, repetitive tasks, freeing up human workers to focus on more complex tasks. That said, there are concerns about job displacement and the need for upskilling workers to adapt to new roles. From an environmental perspective, robotics and automation can help reduce waste and energy consumption by optimising processes and reducing downtime. But also the maintenance and repair of these machines can have environmental implications due to the use of chemicals and electronic waste

Internet of Things (IoT): The IoT can provide manufacturers with real-time data and insights into their processes, enabling them to optimise production, reduce downtime, and improve product quality. From a humanistic perspective, the IoT can help improve worker safety by monitoring environmental conditions and equipment. There are however concerns about data privacy and cybersecurity, as well as the need for skilled personnel to manage and maintain the IoT system. From an environmental perspective, the IoT can help reduce waste by enabling better inventory management and reducing overproduction, but the increased use of connected devices can also lead to increased energy consumption.

Augmented and Virtual Reality (AR/VR): AR/VR can help manufacturers visualise and simulate products and processes, allowing them to identify and resolve potential issues before production. From a humanistic perspective, AR/VR can help improve worker training and reduce the risk of injury by providing immersive simulations of hazardous environments. However, there are concerns about the need for specialised equipment and the potential for worker isolation when using AR/VR technology. From an environmental perspective, AR/VR can help reduce waste and energy consumption by enabling virtual testing and reducing the need for physical prototypes.

Artificial Intelligence (AI): AI can help manufacturers enhance production processes, improve product quality, and reduce downtime by analysing data from sensors and other sources. From a humanistic perspective, AI can help improve worker safety by monitoring equipment and identifying potential issues before they become hazards. But there are concerns about job displacement and the need for upskilling workers to adapt to new roles. From an environmental perspective, AI can help reduce waste and energy consumption by providing clear insights on production processes helping to reduce inefficiencies and costs.

Blockchain: Blockchain can help manufacturers improve supply chain transparency, traceability and reduce the risk of fraud by enabling secure and transparent data sharing. From a humanistic perspective, blockchain can help improve worker safety by ensuring the use of ethical labour practices and reducing the risk of worker exploitation. However, there are concerns about the need for specialised personnel to manage and maintain the blockchain system. From an environmental perspective, blockchain can help reduce waste and energy consumption by enabling better inventory management and reducing overproduction.

Cloud Computing: Cloud computing can provide manufacturers with real-time access to data and applications, enabling them to collaborate and optimise their processes more efficiently. From a humanistic perspective, cloud computing can help improve worker mobility and flexibility by enabling remote work and collaboration. However, there are concerns about data privacy and cybersecurity, as well as the need for skilled personnel to manage and maintain the cloud computing system. From an environmental perspective, cloud computing can help reduce waste and energy consumption by reducing the need for on-site infrastructure.

Overall, the adoption of new and emerging technologies in manufacturing has significant implications for both humanistic and environmental factors. While these technologies can improve efficiency, reduce costs, and enhance product quality, they also often require significant investment and can lead to job displacement and environmental concerns. Therefore, it is crucial for manufacturers to adopt a responsible and sustainable approach to the adoption of these technologies, considering the potential benefits and drawbacks of each technology and prioritising social and environmental responsibility.
In a literature review published in the journal Societies it has proposed the concept of Era 5.0 with a focus on suggesting that Industry 5.0 will put the human back as a central figure stating that:-
“The new Era, Era 5.0, which places the human being at the centre of innovation and technological transformation, can and must make its contribution to improving the quality of life, solving social problems, and human well-being, with the support of technology.” (Tavares, et al., 2022)
Although this is a well-meaning concept this suggestion seems to me to be a little naïve. With technologies such as Dall-E, Chat GPT and Open AI Codex becoming increasingly available, it would be more logical to think that innovation and technical transformation will likely be handed over to an AI which can be developed and tailored to a business’s unique opportunities and challenges.  
The integration of these new and emerging technologies in manufacturing processes clearly has the potential to revolutionise the industry, enabling manufacturers to produce products faster, more efficiently, and with higher quality, but could also help to forecast the humanistic and environmental impact that could result from the change.
However, an SME is primarily focussed on profit and the main driving motivation will generally be improved efficiency, quality and flexibility while reducing costs.  Humanistic and environmental factors may play a pivotal role in some non-profit or charitable organisations but for the majority of businesses it is more likely that these will be secondary benefits.
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Case Study

A case study that serves as a foundation for these ideas is the implementation of Industry 4.0 technologies at the Siemens Amberg Electronics Plant in Germany.
The factory is no stranger to leading the way in industrial automation as it can be shown in an article in Production magazine in 1993, it states of Siemens Lieferzentrum Amberg, “One of the basic philosophies of the Lieferzentrum: "Goods to man, not man to goods." That is, instead of having people moving about and picking things and putting them together to form orders, the people, with few exceptions (e.g., there are such things as hand-carts used to move shipping pallets around), stay put in their workstations. The various elements are brought to them. There are 3 km of conveyors running throughout the facility that bring components to where they need to be.” (Vasilash, 1993)
Siemens is a multinational corporation that produces a wide range of industrial products and services, including automation and digitalisation solutions for manufacturing. In 2013, Siemens began implementing Industry 4.0 technologies at its Amberg Electronics Plant, which produces industrial automation systems and electronic components.
The implementation of these technologies involved the use of sensors, IoT, AI, and robotics to optimise production processes, improve quality control, and reduce waste. For example, Siemens used sensors to collect data on production processes and analyse it using AI algorithms to identify potential issues before they became problems. They also used robotics to automate repetitive tasks and improve efficiency.
As a result of these implementations, Siemens was able to increase productivity by 10%, reduce waste by 75%, and improve quality control by 50%. Additionally, the company was able to reduce lead times by up to 60%, resulting in faster delivery times for customers.
The implementation of these Industry 4.0 technologies also had positive societal and economic impacts. The use of robotics and automation reduced the risk of workplace injuries, and the optimisation of production processes resulted in cost savings and increased profitability for the company. Additionally, the improved quality control and faster delivery times benefited customers and contributed to economic growth in the region. (Jacobs, 2015)
Overall, the implementation of Industry 4.0 technologies at the Siemens Amberg Electronics Plant serves as an excellent example for the potential economic, societal, and environmental benefits of adopting new and emerging technologies in the manufacturing industry. 
By adopting technologies such as additive manufacturing, robotics and automation, IoT, AR/VR, AI, blockchain, and cloud computing, manufacturers can overcome many of the challenges they face, including the need to adapt to changing customer demands, to increase productivity, and to improve supply chain management.
While the adoption of these technologies requires significant investment, the potential benefits in terms of increased efficiency, reduced costs, and improved product quality make it a worthwhile investment for manufacturers.
As further technologies continue to emerge, it is essential for manufacturers to remain agile and open to change, adapting their processes and practices to take advantage of these new opportunities.

[bookmark: _Toc135771094]Economic and Societal Benefits

The implementation of the technological factors that I mentioned earlier in manufacturing processes offers several economic and societal benefits, including:
1. Increased productivity: The adoption of new and emerging technologies in manufacturing processes can help increase productivity, allowing manufacturers to produce more goods in less time. This increase in productivity can lead to higher profits, which can stimulate economic growth.

2. Improved product quality: Technologies such as AI, IoT, and AR/VR can help improve product quality by identifying and resolving issues in the design and production process. This leads to higher customer satisfaction and repeat business, ultimately leading to increased profits.

3. Cost savings: The implementation of new technologies can help manufacturers reduce costs associated with waste, errors, and downtime. This can lead to cost savings, which can be reinvested into other areas of the business, such as research and development, marketing, or expansion.

4. Job creation: While the adoption of new technologies may lead to job displacement in some areas, it can also create new jobs in others, such as in the fields of technology and engineering. This can stimulate economic growth and provide new opportunities for workers.

5. Environmental sustainability: The implementation of new technologies can help reduce waste, energy consumption, and carbon emissions in manufacturing processes, leading to a more sustainable future for the planet.

6. Improved worker safety and well-being: Technologies such as automation, robotics, and AR/VR can help improve worker safety by reducing the risk of accidents and injuries. This can lead to improved worker well-being, job satisfaction, and morale, ultimately leading to higher productivity and profits.
Overall, the implementation of new and emerging technologies in manufacturing processes can lead to a range of economic and societal benefits, including increased productivity, improved product quality, cost savings, job creation, environmental sustainability, and improved worker safety and well-being. These benefits can help manufacturers remain competitive in an ever-changing market and contribute to economic growth and prosperity.
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Manufacturing problems are currently usually addressed with Lean and Continuous Improvement tools by preventing or avoiding waste and reducing or eliminating non-value-adding tasks.
A method of implementing lean manufacturing in line with I4.0 has been suggested by a study on Morrocan industries with the term Lean 4.0.  The suggestion is that the following solutions could be implemented to expose wase and implement Lean 4.0
Smart Machine: To reduce time on reporting and diagnosing machine failures or inefficiencies a company can set up and intelligent machine which, on failure will automatically stop the machine, notify the production & maintenance departments and distribute its load to other similar machines to take up the workload.
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Description automatically generated with low confidence]Andon 4.0:  An Ando system is a lean tool that provides a systematic means of escalation in the event of an abnormal condition arising.  This is normally detected by the operator.  With Andon 4.0 the suggestion is that this process is automated by notifying the necessary departments to correct the abnormal condition whilst also making the operator and production departments aware of the potential impact to achieving the scheduled plan.  This frees up the operator to attend other tasks or duties that may otherwise be missed by dealing with the issue. This is illustrated in figureS 1 & 2 below:Figure 2: (A) SECOND SEQUENCE OF ANDON; (B) THIRD SEQUENCE OF ANDON
Figure 1: First Sequence of Andon System

This communication is possible due to IoT(Internet of Things) with employee wearables that alert the individual while in the field.
Flow Mastery: Controlling product flow is a major manufacturing issue many industries face, in lean lack of flow is a major indicator of a problem or bottleneck that has developed.  Using Radio Frequency Identification (RFID) devices then live data of product batches can be tracked, this will immediately alert production when flow has become interrupted.
Smart Sensors:  Kanban management will no longer require an individual to periodically monitor the kanban level since smart sensors will immediately trigger wen a kanban reaches a level where it needs to be refilled. Add on to this a variable level sensor monitoring a kanban’s % level of full and an AI system that understands the product required to fulfil the planned schedule or order and you have a dynamic kanban level that changes with the required product level in order to meet the order requirement thereby preventing overproduction and excess inventory losses. (Naciri, et al., 2022)
Here are a few further examples of some unique problems that may be encountered in manufacturing, and how emergent technologies could help to resolve them or present new business opportunities:
Predictive maintenance: In traditional manufacturing, maintenance is often performed on a scheduled basis, regardless of whether a machine or piece of equipment actually needs it. This can result in wasted time and resources, as well as potential downtime if a critical piece of equipment fails unexpectedly. However, with the use of sensors and machine learning algorithms, manufacturers can monitor equipment in real-time and predict when maintenance will be needed, allowing them to perform maintenance only when it's necessary. This can save time and money while also reducing the risk of downtime. (Carvalho, et al., 2019)
Customisation: In today's market, customers increasingly demand personalised products that are tailored to their specific needs and preferences. However, traditional manufacturing processes may not be well-suited to producing customised products on a large scale. By utilising 3D printing and other additive manufacturing technologies, manufacturers can easily produce customised products with minimal setup time and cost. This can allow them to meet customer demands for customisation while also maintaining efficient production processes. (Stump & Baburdeen, 2012)
Supply chain optimisation: Traditional supply chains can be complex and difficult to manage, with many different suppliers, distributors, and partners involved. However, with the use of blockchain technology, manufacturers can create a transparent and secure supply chain that is easier to manage and monitor. By tracking the movement of goods and materials from one stage to another, manufacturers can reduce the risk of fraud and errors, improve logistics processes, and ensure that products are delivered on time and in good condition. 
Automation and Robotics: One of the most significant opportunities presented by Industry 4.0 is the potential for automation and the use of robotics to increase efficiency, reduce costs, and improve product quality. Advanced manufacturing technologies such as 3D printing, advanced robotics, and autonomous systems can help companies achieve greater levels of precision and flexibility in their manufacturing processes. For example, robotic arms can be used to perform repetitive tasks, while autonomous systems can be used to move materials around the factory floor. This can help to reduce labour costs and improve the overall efficiency of the manufacturing process.
Data Analytics and Artificial Intelligence: Another important opportunity is the use of data analytics and artificial intelligence (AI) to improve manufacturing processes and supply chain management. By leveraging real-time data from sensors and other devices, companies can gain greater visibility into their operations and make data-driven decisions that lead to greater efficiency and reduced waste. For example, data analytics can be used to identify patterns in manufacturing processes that can be optimised for improved efficiency, while AI can be used to predict maintenance needs and reduce downtime.
Additive Manufacturing: Additive manufacturing, also known as 3D printing, is another technology that presents significant opportunities for Industry 4.0. Additive manufacturing allows for the creation of complex shapes and geometries that are difficult or impossible to achieve with traditional manufacturing techniques. This can help to reduce manufacturing costs, improve product quality, and increase design flexibility. For example, additive manufacturing can be used to create custom tools and fixtures that are improved for specific manufacturing processes, reducing the need for manual adjustments, and increasing efficiency.
Augmented Reality: Augmented reality (AR) is a technology that can be used to enhance manufacturing processes. AR can be used to provide workers with real-time information and guidance, reducing the likelihood of errors and improving overall efficiency. For example, workers can use AR to access information on the assembly process or receive guidance on maintenance procedures.

Generally, the adoption of emergent technologies in manufacturing can help to solve a wide range of problems and challenges, from improving quality control and reducing waste to enabling customisation and optimising supply chains. 
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An evaluation of manufacturing systems can help identify opportunities for new and emerging Industry 4.0 technology enablers, while also framing the cultural and workforce factors necessary for successfully delivering any authentic economic and societal benefits. 
By taking a holistic approach to evaluation and implementation, manufacturers can ensure that they are well positioned to capitalise on the opportunities presented by Industry 4.0 while also creating value for their stakeholders. 
However, it is important to recognise that the successful adoption of new technologies requires a long-term commitment to cultural and workforce transformation, as well as ongoing investment in the development of the workforce.  
Aside from any technological factors, cultural and workforce factors play a critical role in the successful implementation of Industry 4.0 technologies. For example, leadership and organisational culture can play an important role in driving innovation and the adoption of new technologies. Leaders who are willing to take risks and invest in new technologies can create a culture of innovation that encourages employees to experiment and explore new ideas.
Workforce factors such as education and training are also essential, as they can help ensure that workers have the skills and knowledge necessary to operate and maintain new and emerging technologies. This requires a commitment to ongoing education and training programs, as well as a willingness to invest in the development of the workforce.
Ultimately any adoption of new technology to improve key measures requires the buy-in from the people directly affected by their change.  Without this commitment to winning the hearts and minds of the workforce, the likelihood is that the transformation process will become de-railed or at the very least, will not maximise on the benefits returned.
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