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Manufacturing has always been driven by the desire to meet the wants of the consumer; these desires sparked the first industrial revolution. Further industrial revolutions have occurred to satisfy the demands of the consumer as they have shifted by becoming more demanding. These demands have shown themselves in the shape of cheaper, faster delivery periods and more technologically advanced items.
This society has also increased the value of the capacity to customise items. According to (Pulman, n.d.), Fiat said that their options would enable the production of 500,000 vehicles before another was identical. This level of customization is only feasible because of the additional changes brought about by the third industrial revolution, as well as the improvement of systems and automation that resulted. Along with the rapid expansion of innovation, there is a link between population and environmental degradation. Professor Stephen Dovers (2015) divides environmental impact into two categories. The consumption of resources, and waste is the result of consumption. 
These levels of change and environmental impact have resulted in technical improvements, ushering in the Fourth Industrial Revolution. The technology around us may be used to harmonise industrial systems to meet customer demands in a less environmentally damaging manner.
The fourth industrial revolution is founded on nine technical pillars that not only complement one another but also allow organisations to integrate some that aid development, while it is not necessary to integrate all to reap the benefits from Industry 4.0. The term Industry 4.0 was coined by German scientists in 2011 and presented and the Hannover Fair (Ines Guyon, 2019)
This essay will go through some of the Industry 4.0 initiatives that Safran has begun to use, as well as how they may be enhanced by including or combining the Industry 4.0 pillars. Aspects of the nine pillars will better serve Safran and its customers and solve certain environmental problems. As the aircraft industry re-emerges in the aftermath of the COVID-19 Pandemic, market competition will determine how best to continue. This is referred to as the "Innovation Ultimatum" by (Brown, 2020).
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The Blue Sky and the bespoke tailor-made product are Safran Seats GB's unique selling point since this type of product historically lends itself to the skilled and semi-skilled workforce that has been developed in industries around the locality that have regrettably gone out of business. The product’s complexity is likened to old-style coachbuilders within the automotive industry. This approach to product conceptualisation uses vast amounts of resources, these resources can vary from the time, therefore cost to the Carbon footprint that is laid down to produce the next one-off design. Each customer has unique requests and demands for the latest technology to surpass the competition in the marketplace. 
With the Blue Sky thinking in mind and the low volumes required, it is exceedingly difficult and sometimes not financially viable to correctly tool up for manufacture. This can lead to inherent product issues that live within the production and programme for product life. As such due to volume and product complexity, Safran Seats GB (SGB) would not currently be able to adopt some of the pillars I.e., autonomous robots. However, it is worth noting that SGB is part of a larger organisation where some sites have a lower complexity level, and thus higher volume output, as well as a repeatable machine or operator operations where autonomous processes could take place.
Although most if not all the pillars could be fully embraced by Safran, SGB is constrained and therefore we will look at those processes that would benefit the Manufacturing element of the business and subsequently address environmental concerns within this area.
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SGB stores substantial amounts of data on a variety of platforms and file formats. This data is used in silos but is not shared throughout the organisation to better understand the consequences of deficiencies that are occurring within the wider system. Depending on the data kind, it may be stored in the system and never used or viewed again. This takes up vast amounts of disk space and energy to maintain data that is potentially not required.
The inspection data that comes from quality control is a perfect example of the data that is not used to its full potential; this data is readily available in a database where it can be sanitised, data mined and distributed to the appropriate place where the impact of the data can be best utilised during the build, thus reducing costly rework. This data can also be used from lessons learnt point of view within the design and engineering world to better improve the next generation of products and aid the reduction of future assembly or manufacturing defects.
Each defect produced has an intrinsic worth. This value is used not just for the cost of the generated problem, but also for the cost of engaging the company. Defect expenses might include the cost of reworking an item, modifying work instructions, and making compromises to accept a defective product. It also entails unanticipated expenditures associated with the company's entry into the market along with its perceived environmental impact. Although many modern parts are recyclable, there is still a duty from a sustainability standpoint to ensure that these parts are created and used appropriately owing to the energy and carbon footprint that would have been consumed in their initial creation.
The "Digital Factory" is a data-driven industrial concept that has gained momentum. (Cognizant, 2022) defines this as a manufacturing facility where data can be easily transmitted between products, people, and machines. This method is used to improve efficiency by monitoring where items are as well as the status of the components. It can also help with the environmental degradation element of industrial output by reducing waste (physical waste or productivity).
SGB's integration of the digital factory is in its initial stages, hence it is focused on the manufacturing component. The team now know with certainty where the product is in the production cycle and where the parts are in stock, the procurement cycle, and delivery to assembly. There have been efforts toward digitisation of manufacturing instructions, which is proving essential not only in terms of greater efficiency of updated instructions but also in terms of waste reduction in the form of paper and ink among other things. 
Previously, SGB would have had to work from spreadsheets and walk about the shop floor looking for and noting where products were for production control to comprehend build times and compute efficiency. The team also needed to know what parts were delivered, what parts if any were missing, and where they were in the manufacturing cycle. Regarding the production instructions, they were paper-based and marked up for modification during the manufacturing cycle; the changes were made regularly and were in danger of being lost, resulting in the data returning to an earlier time and, as a result, inspection results increasing owing to the information being lost. SGB must continue to push forward with the digital factory to embrace all the data created by the system. 
This further improvement incorporates data from quality, engineering, and consumers. The actual benefits of the digital factory will be evident after this is clearly defined and executed, along with the necessary cultural and behavioural adjustments. These changes as described by (TIBCO, n.d.) give “Improved quality of planning and economic efficiency” along with “Shorter go-to-market time.” As described by Bernard Marr (2015) “The real value is not in the large volumes of data but what we can now do with it”.
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Horizontal integration is not a new notion, but Industry 4.0 introduces innovative technologies and a fresh perspective on the problem. This method provides a unified perspective of the manufacturing cycle from start to finish. To help in the planning of operations, information is brought in from internal and external supply chain facilities, and assumptions may be created during production.
Previously, this information was disseminated using many media types, including letters, faxes, phone calls, e-mail, or integration into enterprise resource planning (ERP) lending itself to the vast amounts of data held. Data collection and transfer have become easier and more real-time with the introduction of cheaper, quicker, and more intelligent technologies. With industries dealing with a smaller and smaller number of suppliers, there is a greater need to fully understand what bottlenecks may exist within the supply chain, thereby impacting delivery schedules. Systems are now digitally connected, allowing real-time data flow from outside to inside and back again. This data also comprises machinery maintenance schedules and allows for this inside the production cycle, allowing the system to compensate for schedule adherence.
As previously stated, horizontal integration moves information from the supply chain to the manufacturing element and then to the customer. There is an additional degree of complexity to consider inside SGB. This additional layer consists of Safran sister businesses, which are not classified as suppliers but are or can be employed as capacity relief. However, because of the industry's control over the transaction, SGB controls all elements of activity and is held accountable by legislation. There are critical aspects to consider while building up this degree of integration between this layer and the previously mentioned layer; geopolitical difficulties, labour expenditures, carbon footprint, and economical penalties, to name a few.
The relationships and trust created by all system actors are a vital basis for this level of horizontal integration. This trust comes from not only external partners/supplier silos, but also from internal departmental silos, and it necessitates less data interoperability and more of a cultural transformation. The advantages of this degree of integration ensure that data between departments and internal/external partners are exchanged in real-time and is not dependent on data being physically collected and disseminated. This collation adds delay to the system and increases the risk of mistakes; also, depending on the latency, the information may already be out of date, causing confusion or inaccuracy.
Vertical Integration: The topic of vertical integration expands on the concepts of the automation pyramid; businesses are heading in the direction of this pillar without understanding it as an Industry 4.0 technology as it is the next logical step in business longevity. Information travels from all departments within the business, this can include all layers within each department, allowing transparency inside the company hierarchy. This transparency enables informed decisions to be taken when required or periodically reviewed, based on data and risk, far in advance of failure.
Having all the data from the various levels and functions flow to the ERP system, which serves as the main controller and validator, allows many older, less effective systems to be decommissioned and distribute information in a uniform and transparent manner, as well as effective data mining to enable real-time reporting, the future load estimates, and potential capacity limitations. It should be noted that vertical integration is the systematic reporting route for data acquired and linked by horizontal integration. Vertical integration may thus be adapted to the demands of the company, and within Safran Seats, this would not include sensor-driven machine data. This data, however, is available and would need to be in a format that can be processed by systems.
“Vertical integration involves alignment within your organisation, Industry 4.0 horizontal integration involves connecting all parts of your supply chain. This deeper alignment improves visibility, flexibility, and productivity while also enhancing levels of automation.” (SL Controls , n.d.)
With this level of integration, the business gains a wide range of autonomy; one such benefit is the sales department and its capacity to "accurately" anticipate product-to-market timings, which is based on system parameters, associated inputs, and outputs. As a result, the customer experience would be improved, and Safran Seats would be better placed in the global market.
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A digital twin, or simulation, at the outset, was nothing more than the representation of a product in virtual space. This consisted of not much more data than dimensional information. This step took drafters away from paper and onto the computer and thus started the revolution of Computer-aided Design (CAD).
This transition allowed the designer to change parameters (dimensions) in virtual space to understand what the effect on the real world would be. Thus, transversely, there is the ability to take real-world measurements and use virtual space to establish the consequences.
As digital development has advanced systems inside CAD, the digital twin may now be examined in the virtual world, saving money on physical manufacturing and testing. This strategy has not been fully embraced in all industries, although it must be owing to the reduction in carbon footprint as well as other environmental consequences that can be reduced. An example of this is the creation and testing of an item without the need to physically manufacture and destructively evaluate and thus increasing the impact on the environment, as these items may not be able to be recycled due to the material type.
As the design element is digitised, it leaves a digital footprint that can be used to comprehend design lead times, testing, failure rates, and design reject rates, along with the physical versus virtual design changes, to name a few.
The interaction from the production side to the early digital twin was the interaction with machine data (Statistical Process Control-SPC). This data was taken by hand and then calculated. This data collation is used to help understand not only machine capability but the capability of the design. This is supported by Michael W Grieves (2005) who states, “This was initially described as a human-related activity, which is often supported by further process control systems”. This early system is known as a Three-Dimensional Digital twin (Grieves, 2005). It consists of the Virtual World, The real world, and the Bi-directional processes.
Many businesses want to become more agile and lean, which necessitates constantly monitoring and changing the production system and the interfaces with the shopfloor. These modifications are based on systems that are not connected to the rest of the company and are thus implemented in the real world and in isolation to satisfy the silos.
Having the systems linked via horizontal and vertical integration allows this activity to be linked to the Digital Twin; this linkage allows all changes throughout the system to be accounted for, allowing full understanding of the implications of change, and, facilitating understanding of the impacts on the business's agility, (Dimitris Mourtzis, 2014).
Therefore, the original vision of the digital twin (Grieves, 2005) has been updated and transformed from its original three dimensions to five dimensions (Qinglin Qi, 2021) In the perceived real world, this idea connects services, physical entities, and virtual models. It then connects those systems in the virtual world. This specified connectivity allows modifications to any of those real-world circumstances to be thoroughly investigated and understood in the digital world before ever being implemented in the physical world.
This level of manipulation and system integration enables large and immobile organisations to quickly become extremely agile, allowing unprecedented gains in market share and customer satisfaction. These benefits are in addition to the environmental, economic, and social rights that customers and organisations are expected to attain.

[bookmark: _Toc103107467][bookmark: _Toc103107895][bookmark: _Toc104389938][bookmark: _Toc104390134]The Industrial Internet of Things (IoT)
The Industrial Internet of Things (IoT) is the use of the Internet to link devices. These devices will have sensors that capture data for further study or to better identify patterns. The smartwatch is the simplest form of technology to comprehend. Based on data recorded, a smartwatch records your steps, physical activity, position, and speed, as well as your heart rate, stress levels, and blood oxygen level. All this data is gathered by the watch and sent to your phone, where it can be checked, and alarms set to ensure activity stays within your specified "Normal" limits. The data is kept in the cloud and may be used to cross-reference previously collected sensor data, creating an archive of your physical status.
From the smartwatch idea, an understanding of the sensor kinds and their uses in production can be seen, as well as the ability of the information to be available when needed to aid data mining. Consider the application regarding stock on the line, if all systems are linked, the system will be able to comprehend if there is a delay on the line, and the system will postpone the transfer of stock from the stores. This would thus prevent significant volumes of goods from being retained on the assembly line awaiting installation. The system understands rate fluctuations detected on the assembly line and subsequently, issues picking demand of components earlier or later depending on statistical data obtained.
SGB maintains this measure of control using spreadsheets and people's knowledge of when to call kits from stock, but there are still significant numbers of kits kept online or in stores waiting to be delivered, this is due to the system being manual and having to analyse the information from many systems before issuing the instruction. This work raises concerns about part damage due to the holding or continual movement of the kits around the business.
Within SGB, several activities currently operate using IoT principles, such as the vending machine for consumable products. This machine is linked to the consumable’s provider, who tracks consumption and refills the machine depending on this behaviour. This may be taken a step further in terms of purchasing to lower item prices and obtain bulk discounts. SGB also employs RFID tag scanning to replenish the Kanban with screws, nuts, bolts, and other hardware. This is a manual operation; however, it might be automated by using a smart linked sensor that monitors its level. This may be linked to past construction consumption data as well as the production plan to replenish an amount that fulfils this criterion and purchase only what is needed rather than stockpiling copious quantities of products. (Munirathinam, 2020) IoT is the “Trend toward greater connectivity means more data gathered from more places, in real-time, to enable real-time decisions and increase revenue, productivity, and efficiency.”
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The use of offshore server facilities is referred to as cloud computing (farms). A user or business can rent a piece of the space to run their programmes or applications. IaaS (infrastructure as a service) is the most common type of computing service. This type is suited for medium-sized businesses. It eliminates the need to have hardware on-site, and, because it is a pay-as-you-go service, it aids with scalability and dependability. PaaS (Platform as a Service) maintains the types of infrastructure that are found within a company, but at the cloud level, allowing organisations to manage and deliver work without having to worry about processing power and storage. SaaS (Software as a Service) refers to the broad underlying systems and services.
Organisations and individuals can pick from a variety of cloud options that offer varying levels of protection. The level of security must be recognised by the company or individual since they may be easily attacked, and the loss of sensitive data may be revealed to the industry if the wrong cloud type is selected. The public cloud is a pay-per-use technology that can be easily expanded. However, it is not the best option for a company that manages sensitive data. A company can host a private cloud, and the security layers restrict access to individuals with the necessary permissions. This environment is costly and requires in-house IT management and maintenance. There is another disadvantage to its possible remote accessibility. When it comes to data hosting, the hybrid cloud solution gives organisations the best of both worlds. The public network may host general apps, whereas the private network can hold sensitive data. However, care must be taken to guarantee that communication across networks is stable and free of conflicts. Sai Vennam (2020) States that cloud computing is simply on-demand access to data storage, servers, resources, and applications via the internet.
As IoT technology advances, more demands will be placed on IT infrastructure within organisations. This is where cloud computing comes into play. It enables systems to flex and grow their usage of computing capacity on-demand without the limitations of traditional in-house server farms and the related operating and maintenance expenses. However, given the volume of potentially market-sensitive data housed, most medium-to-large organisations cannot meet the entire cloud requirement.
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[bookmark: _Toc103107470][bookmark: _Toc103107899][bookmark: _Toc104389941][bookmark: _Toc104390137]The impacts on businesses that are linked by Industry 4.0 concepts.
There are benefits and drawbacks to every innovation or methodology, and Industry 4.0 is no exception. The usage of cloud-based technologies in conjunction with IoT devices has demonstrated based on research, that there is a rise in production and efficiency since the organisation can better understand the operations being conducted horizontally and vertically. Based on system information, business agility and flexibility are maintained or expanded as it becomes simpler in real-time to scale production in either an increased or increasing pattern or the contrary, in a reduced or decreasing pattern. With the benefits of system change, there is a vital component that permits this kind of quick development and change, and this is the capacity to improve each other's knowledge through the ability to successfully collaborate. This new mode of working allows information to flow freely and between departments, which is crucial in assuring real-time choices and successful transformation ensuring the customer experience is increased. This type of virtual collaboration has taken great leaps forward in the past couple of years due to the Covid-19 Pandemic and the necessity for businesses to continue to operate.
As the degree and quantity of smart technologies rise, so does the demand for infrastructure. The most difficult hurdle to effective corporate transformation is the confluence of people and technology. People require the right amount of training and assistance to guarantee that the technology supports the business. Successful integration will fail without this degree of investment because technical faults and breakdowns will be introduced into the system. There are also the initial costs of acquiring the technology and the continuous maintenance cost of the hardware within the digital factory. Cloud-based solutions are crucial as a key contributor to Industry 4.0. However, ensuring the appropriate level of cloud integration ensures that sensitive data is restricted and protected.
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This is dependent on the degree and speed of integration chosen by each company. However, some topics are universal, regardless of the implementation scale. It has previously been stated that there will always be a level of investment and upskilling necessary when integrating technologies and people, but there is also the genuine possibility that in certain integrated solutions, all or part of the unskilled labour may be lost. This, on the other hand, is flexible temporary or contractual employees inside many businesses, and it is fundamental to the concept of business ebb and flow. Most individuals will therefore be pushed towards one of two directions: 1) re-education and upskilling; or 2) more labour-intensive employment responsibilities.
As technology advances, there will be a greater need for a highly trained workforce to ensure the integration of technologies and to ensure the business's resilience. The growing disparity between skilled and unskilled labour is referred to as "social tension." (Schwab, 2016)
To maintain the economy's stability, we must revolutionise the way we do business and drive for change. This is attributable to a decline in working-age groups and an increase in retirement and related age groups. (Jian Qin, 2016)
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The world's consumption needs are increasing, yet natural resources are becoming increasingly scarce. Natural resources that have previously been taken to service industry and society may no longer be accessible for use; consequently, it is the duty of businesses and individuals to guarantee that what is presently taken can be done responsibly or offset. 
With technological advancements and the deployment of industry 4.0 technologies, there is a large array of untapped possibilities to address sustainability and environmental challenges. It is known that smarter and less expensive technologies are paving the way for more convenient, cost-effective, and efficient methods of working. This leads to a reduction in waste. This waste might be physical (wrongly made or managed) or non-physical (the cost of utilities). Technology is paving the way for the capability to recycle more and more "recyclable" materials, and manufacturers are now able to manufacture products using 100 per cent recycled material. What is more promising is that technological advancements are allowing previously unrecyclable materials to be recycled. “Plastics to fuel” (Doug Woodring, 2015) discusses how the conversion of non-recyclable plastics can be turned into cleaner-burning fuels or ingredients for fuel types.
However, as technology advances and gets more integrated into our lives, there will be an increasing demand for more energy to power the devices. This is currently provided by nuclear energy, fossil fuels, and renewables. These raise concerns about the ecological influence they have on the environment. Globally the repercussions of nuclear power are understood, including its waste and half-life, as well as the harmful effects of fossil fuels, but has the true impact of renewables been fully considered? When considering solar, the energy derived must be stored, and that storage takes the form of a lithium-ion battery, in general. The mining for lithium creates exceptionally deep and extensive scars on the earth, not to mention the expense of obtaining the element using fossil fuels and the subsequent refinement of the ore.
With cloud computing becoming the go-to option for processing power and lowering company energy expenses, more and larger banks of servers are required. These servers involve enormous quantities of energy to function, but much of that energy is converted to heat and thus requires cooling. As can be seen, there is a tension between cloud computing's efficacy and its environmental impact based on its intake (energy consumption) and output (heat output and cooling requirements). To address this, Microsoft put a bank of servers in an enclosed environment in the ocean, with the hypothesis that using water as a heatsink would reduce energy consumption while increasing efficiency. However, this still heats the water surrounding it, albeit insignificantly, and while this will not significantly raise global ocean temperatures, society must be cautious and acknowledge that global ocean temperatures are already approaching a tipping point (Scammell, 2015).
To answer the question is the grass Truly greener society must recognise that technological advancements are inextricably linked, and as a society, we should celebrate those advancements that improve the world around us, but one eye must be kept on the effects that these advancements may have on the environment and ensure that environmental considerations are prioritised when decisions are made. As a result, businesses should continue to make advancements since such innovations will lead to the development of smarter, more efficient, less power-sensitive, and more environmentally friendly technologies to further improve society.
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