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Introduction 

In today’s modern society manufacturing, transportation, services, online businesses have gone beyond imagination. And while fulfilling global customer requirements we are utilising major natural resources, creating scrap, emitting dangerous pollutants and ultimately damaging eco system. Advances in science and engineering have made it possible to design, make and distribute more desirable products at lower price points. And consumption of all the products is growing day by day. With consumer spending accounting for approximately 60% of global GDP (World Economic Forum, 2021) and growing concerns over environmental degradation due to overconsumption, this essay will investigate: 
- how Industry 4.0 technologies will impact the way products are manufactured, 
- Future roles for people who work in manufacturing industry 
- and the impact on the society, environment and our planet. 

The essay will begin with current manufacturing technologies used by different manufacturers. Use of appropriate manufacturing methods is defined a product of their mechanical & technical features, cost targets, time to offer product in the market &  the choices made by each manufacturer. Governments regional & national policies, availability of local skill sets, target customers, company’s capital investment capacity contribute to the decisions on the  manufacturing. 
In concluding, the essay will set out: 
	-Products manufacturing will be determined by combination of government policies, political initiatives, legislation, consumer behaviour and smarter manufacturing systems. 
-Role of Industry 4.0 towards healthier economy, that will be beneficial for society & planet. 
-Success factor for adoption of the emerging technologies discussed.
Current manufacturing systems are highly diverse in their size, complexity, timeline and cost. Currently it relies diverse range of skilled and semi-skilled employees. 
For example, the requirements of manufacturing system to produce aeroplane versus the production of a pharmaceutical product or food product are totally different. In the case of aeroplane manufacturing strength, reliability, safety is important whereas in automotive these requirements are slightly different but in pharma or food products requirements are entirely different. The configuration of an effective manufacturing system, will be determined by many factors. Company’s market share will define scale and different product variations offered will tend to define complexity for that particular product.
When looking to identify areas for adoption of industry 4.0 emerging technologies above examples will provide opportunities for process and practice adaptation with a number of beneficial outcomes. With advancement in the technology, research on new materials & processes these technologies are nowadays becoming more common & therefor affordable for everyone.
Fourth industrial revolution which we call as Industry 4.0 is happening from last few decades & it will take few mode decades for successful implementation. Industry 4.0 give higher emphasis on internet, cloud computing, cyber security, access to real-time data, and the introduction of cyber-physical systems. Industry 4.0 offers more comprehensive, reliable, connected and holistic approach to manufacturing. Industry 4.0 connects physical and digital worlds in near real time. This will allow better collaboration and information sharing across the globe including manufacturers, suppliers, customers, products & services. It offers better understanding of customer, products & services. It allows manufacturers to leverage data to improve efficiency, productivity and cost-effective manufacturing resulting in growth.



Big Data and Analytics 
[bookmark: _Hlk104414836]Nowadays large amount of data can be generated & stored easily. In a manufacturing context, this is supported by sensors and microprocessors which are attached to and built into machineries.  Sensors are getting smaller in size & bigger in capacity. They are small, accurate, robust, and easy to integrate. The interoperability and plug-and-play nature of these devices have provided the option of deploying continuous monitoring in place of sample inspection techniques. With the help of these processors & sensors, process variation blind-spots can now be largely eliminated. This results in better Overall Equipment Effectiveness, less scrap, controlled functioning of machinery. 
 However, these benefits can be achieved if big data can be transformed into information and this information is used to analyse & detect errors in the machine. This is called as big data & analytics, which often demand the acquisition of new data science skills, and this can become the biggest single barrier to being able to realise the benefits. 
Big data analytics is advanced analytics with multiple complex applications with specific elements like predictive models, statistical algorithms and special case analysis driven by analytics systems.  Organizations can use big data analytics systems and software to make data-driven decisions that can improve business-related outcomes. Chai, (TechTarget 2022)
Big data & analytics can be highly beneficial for the company. It can result in a more productive company which will be a more profitable company. A more profitable company is likely to be more stable company which can invest in employee training and well-being. A company that produces final product with less raw material & less operating time will consume less of the planet’s raw material & less energy for running machines. This will have lesser carbon footprint with respect to those materials and fuel consumption energy generation. 
 The potential downsides of adoption of big data and analytics is that a company will have automated operations & which will result in the smaller number of job opportunities. Increasing young working population will have less opportunities available.  High-capacity servers needed for cloud computing will result in higher energy consumption which will be responsible for increased greenhouse gas emissions.

Cloud Computing 

In early 1960s IBM mainframe size was as big as room. Over last 70 years computer size reduced and memory capacity increased. With Big data and analytics there is even further need of storage space. 
This storage space requirement resulted in business opportunity called Cloud computing. 
Cloud computing is the service offered for computer system resources, especially data storage and computing power. And user don’t have to own or manage any of the infrastructure.
2016, storing 1GB of data cost less than US$0.03 a year. Twenty years earlier the cost was more than US$10,000. (Schwab, 2017, p12). 
Amazon introduced its Simple Storage Service (S3) &  Elastic Compute Cloud (EC2)Amazon web services in year 2006. In year 2008 google offered google app engine & Microsoft also offered Microsoft Azur. All these cloud computing services offer relies on sharing of resources to achieve coherence and typically using a "pay-as-you-go" model which can help in reducing capital expenses. Anyone can literally rent computing power by any time requirement even in seconds.
Cloud computing is backbone of big data and analytics, which is foundation for an Internet of Things (IoT), Artificial Intelligence, Cobots, Virtual reality and many more technologies of Industry 4.0.
The cloud computing is a Win-Win strategy for the service provider and the service 
consumer. For companies of all sizes, the benefits of utilising cloud computing resources are increasingly compelling. It can satisfy business requirements on demand by resizing the resource occupied by application to fulfil the changing the customer requirements. It can lower cost & save energy by the use of low-cost PC, customised low power consuming hardware & server virtualization. This will result in less investment & less operating cost. It can improve the efficiency of resource management through dynamic resource scheduling. (Qian, Luo, Du, Guo 2009)

In addition to the scalability, cloud computing service providers offers high level resilience for both technical failures and malicious actions of bad actors, which reduces need of  a traditional internal IT department. It still needs cyber resilience at the company level but cloud computing reduces the risk of data loss and privacy breech to greater extend. 
For multi-site organisations with widely distributed and complex supply and value chains, the cloud offers facility to manage & process data from any part of the world in real time. 

Manufacturing companies need to use cloud computing carefully. According to the Cloud Security Alliance, the top three threats in the cloud are Insecure Interfaces and APIs, Data Loss & Leakage, and Hardware Failure. Service provider can access the data that is in the cloud at any time, if that is permitted in their privacy policies, which users must agree to before they start using cloud services. It could accidentally or deliberately alter or delete information. Many cloud providers can share information with third parties if necessary for purposes of law and order without a warrant. Recently we have seen incidents of service providers sharing customer data to third party. 
Currently, no regularity organization have reached the 
Another disadvantage is that, there is no standardization of cloud computing’s external interface. As a result, customer started to use the service of a cloud computing 
provider, he is most likely to be locked by the provider, which put the customer in unfavourable conditions (Qian, Luo, Du, Guo 2009)

The Industrial Internet of Things (IIoT) 

The industrial internet of things provides a way to get better visibility and insight into company’s operations and assets. This is achieved through integration of machine sensors, microprocessors, software, cloud computing and effective storage system. In nut shell it Industrial IoT offers robust  process of optimising organisation operational processes by using big data & advanced analytics. Organisations gets benefits through operational efficiency, improved quality, less inspection and accelerated productivity. All these benefits result optimized efficiency & reduced cycle time and thereby profits.
The Industrial Internet is a coming together of several key technologies which produces a system greater than the sum of its parts. The latest advances in sensor & microprocessor technologies,  produce more accurate & variety of data. And these sensors can have self-awareness and can even predict their remaining useful life. Which means these sensor can produce data that is precise and predictive also. Machine sensor controllers can be self-aware, self-predict and self-compare. For example, they can compare their present configuration and environment settings with preconfigured optimal data and thresholds. This information can be used for self-diagnostics. Sensor & Microprocessor technology has advanced greatly in last few decades in terms of size, cost & accuracy. This advancement made the instrumentation of machines, processes, and even people financially and technically feasible.
Big data and advanced analytics as we have seen are another key driver and enabler for the IIOT. They provide historical, predictive and prescriptive analysis. This analysis can provide detail insight into the machine or process. Self-aware & self-predicting components analytics can provide accurate predictive maintenance schedules for machinery and assets. Timely maintenance keeps machines productive service longer and increased efficiencies. It saves time and costs of unnecessary maintenance. Increased efficiency & less downtime reduces manufacturing cost drastically and allows companies to launch their products in the market at faster rate to take advantage against their rivals. This process is accelerated by the cloud computing over the last decade with the help of service providers like AWS, Google, Microsoft. These service providers offer vast compute, storage and networking capabilities required for effective Big data at low cost and on a pay-what-you-use basis. For security reason companies may prefer to maintain a private cloud on their own data centers. (Gilchrist, 2016, p05)
IoT allows remote monitoring & adjusting process parameters. This will have major impact on people and environment. Distance travelling to visit sites & modifying parameters is not required, which will allow employees to work remotely, even from home. So that they get plenty of free time after doing same amount of work as before. Less travel means less carbon emission, which will improve air quality of the surrounding area. Less travel, less vehicle use, less congestion on the road means cost benefit at the company level & it will lower carbon footprints making the adoption of IIoT technologies a potential win-win-win.
With all above benefits IIoT comes with its own challenges. Sensors, actuators used in the IIoT network are linked to control system which then be used for big data analytics and involves cloud computing. This in turn produces new requirements of cyber security to protect whole system from cyber-attack. 

Augmented reality
Augmented reality (AR) is an improved version of the real world. This new world is achieved by using advance technological elements like digital visuals, sound, or other sensory stimuli. Augmented reality uses the existing real-world environment and puts virtual information on top of it to enhance the experience. Hayes (2020)
Augmented reality is applied in the critical & large component manufacturing, inspection, quality checking. It is being used for Installation & Maintenance of complex assemblies. Aircraft harness routings, cosmetic inspection, quality check of surface treatment, setting up for procedures, final assembly of complex products can be done more efficiently & precisely with the help of augmented reality. Augmented reality offers opportunities to train employees for installation & maintenance of complex machinery, products.  
In the Made Smart Review (The Department for Business, Energy and Industrial Strategy, 2017, p. 13,25), Augmented reality is proposed as one of the technologies to be explored and developed under the Transformational Digital Demonstrator Programme. This program suggests that Augmented reality can beneficial for training and upskilling and training of the workforces. AR will help in creating sophisticated high-skills economy for the future. AR will be one of the major technologies to define the industrial digitalisation revolution. 
Safran electrical & power showcased augmented reality capability at 2017 Paris air show. Augmented reality is used at Safran for installation of power wiring in the aircraft. It can be then useful to check any defect in the wiring which not visible from outside. Reflectometry is used to send wave through the wiring & allows to detect location of the defect as well as the distance between the defect & reflectometry case. Then this information is coupled with the 3D numerical mock up. Then the defect can be identified & localised. Then its geographical position in the aircraft can be confirmed. Thus, helps in identifying potential maintenance issues in advance & correct them before any accident happens. (Safran E & P website video)
Another benefit of augmented reality within a manufacturing environment is the impact on quality inspections. It provides human inspectors with visualizations that increase accuracy and reduce time spent checking, and uses real-time hazard and maintenance sensing to ensure product quality remains high. (Ericsson website)
More importantly at remote location maintenance can be done by unskilled operator with the help of expert sitting at geographically different location. Training & remote maintenance can be the biggest areas of opportunities for augmented reality applications.

Simulation & Digital Twin 

Digital twin is a virtual model of a product, process or service. This pairing of the virtual and physical worlds allows analysis of data and monitoring of systems to analyse problems before they even occur. This can prevent breakdown, interruptions in the service. Digital twin helps in developing new opportunities and even plan for the future by using simulations. Marr (2017)
the first practical definition of digital twin was introduced by NASA when they attempted to improve physical model simulation of spacecraft in 2010.
Many digital twins start out life as a simulation model, and they become true digital twins only after a connection between the physical and digital in real time (or close to real time). Digital replica becomes truly representative of the physical product or process.  Thousands of sensors are placed throughout the physical manufacturing process, all collecting data from different dimensions, such as environmental conditions, behavioural characteristics of the machine and work that is being performed. All this data is continuously communicating and collected by the digital twin. (Deloitte, 2017) . Siemens, IBM, Autodesk and many others companies offered their digital twin concepts. 
In the Made Smart Review (The Department for Business, Energy and Industrial Strategy, 2017, p. 85), digital twins are proposed as one of the technologies to be explored and developed under the Transformational Digital Demonstrator Programme suggesting that digital twins are some way off from being widely adopted by UK manufacturing entities. 
In the cyber layer, big data analytics, The Industrial IoT will provide the sensor and actuator platforms that will be needed for the feedback and feed-forward loops. 
In the physical layer, sensor and actuator devices together with industrial robots, machine tools and advanced machinery will provide the signals and data needed within the physical layer. 

Digital twin technology helps companies to develop enhancements in the existing products,  services, and can even help in achieving innovative business concepts. 
Digital twin can enhance operational awareness, Predictive maintenance, early warnings of process variation. Digital twin can provide inputs for process optimisation & process improvement. 
Higher productivity and on time deliveries can be enhanced by using the real-time data provided by  digital twin. Accurate and fully dimensioned models of the physical assets can provide new way to train manufacturing & maintenance employees staff who actually operate, maintain and manage the whole lifecycle of a facility from design, build, commissioning.






Additive Manufacturing / 3D Printing 

 Additive manufacturing or 3D printing is the process of creating physical parts by printing it layer upon layer. In future we can manufacture very complex products without complex equipment or expensive tooling. Many different kinds of materials will be used in 3D printing technology such as plastic, aluminium, stainless steel, ceramic or some advance alloys. It is already being used in a range of applications from making turbines to toys.   (Schwab, 2017 p70).
Additive manufacturing offers lots of new choices to designers and manufacturers. Traditionally lots of parts are manufactured by machining large billet or bar. Machining or cutting process involves removing material to achieve desired shape & finish. This process produces large amount of scrap & wastage of material. In 3D printing high value materials such as titanium, can show significant amount of material & in turn cost saving over machined parts. 
GE experimented 3D printing technology to manufacture its fuel nozzle injectors for LEAP jet engine. The nozzle injector is now printed out as single part against previous method of brazing and welding 20 parts together. So, from 20 parts GE brought it down to one. And the new 3D printed nozzle injector is 25% lighter and five times stronger than the previous version. GE has invested about £1.2 billion into additive manufacturing research and already earned more than 300 patents for new powder metals. Expect more companies across all industries to follow GE example.
Singapore Airlines is also an early innovator in 3D printing. Its subsidiary, Singapore Airlines Engineering Company, recently signed a deal with Stratasys company to explore the creation of an additive manufacturing facility for the research, design and production of aircraft parts. (McEleney, 2017)
Once additive manufacturing become faster & reliable to suit the application reductive processes will be less required. Then machinists, tool setters will be replaced by designers who can work from different part of the world & send design for 3D printing anywhere in the world. New skill sets will be needed to operate 3D printing machines 

Cyber Security 

When we talk about big data analytics, IoT, cloud computing then important tool we can think of is Cyber security. Cyber security is the application of technologies, processes and controls to protect systems, networks, programs, devices and data from cyber-attacks. As manufacturers start using  cyber-physical systems, there needs to be a corresponding increase in the time and effort they have to put into cyber threat evaluation and mitigation strategies. 
We can recall WannaCry ransomware attack in May 2017. This ransomware infected a quarter million machines in more than 150 countries. The largest ransomware attack ever, it affected a diverse collection of entities, including UK NHS & lots or organisation globally.
Ransomware is a type of malicious software that infects computer servers, desktops, laptops, smartphones & all electronic gadgets. And it can spread across networks to other devices. Once it entered in the system, it quietly encrypts every data file it finds & then shows a ransom note to the user demanding payment of large amount of money, in return for the decryption keys needed to restore the user’s locked files (Acronis 2017)
All such attacks can be avoided through robust cyber security system. Cyber risk  strategies can reduce the risk of attacks and limit financial and operational impacts. 
The  DPA 2018 require organisations to implement appropriate security measures to protect personal data. Otherwise, organisations risk substantial fines. There are six data processing principles and six lawful bases for lawful processing, and data controllers and processors are obliged to ensure the security of the personal data they process. 
Cobots, Autonomous Robots and Automation 

We all are familiar with Robots as machines capable of carrying out complex sequence of actions automatically. Normally robots are guided by external devices or control embedded inside them.
Industrial robots are nowadays common in manufacturing sectors. Industrial robots are used for many applications for automotive body welding, painting & assembly lines. Robots are doing great job where operations take place in extreme environment such as outer space or bottom of the sea.
Japan is the world´s number one industrial robot manufacturer – delivering 45% of the global supply
 (IFR, 2022)
Cobots are collaborative robots that can interact with human. Cobots have become reality because of improved sensor technology and a design approach that limits the speed and weight of the robotic arm. As Cobots can interact & work alongside humans, safety factor is very important  and requires application specific safety case work and be placed in a system in accordance with ISO/TS 15066 and other standards before it can become collaborative. (International Organization for Standardization, 2021). 
International companies like KUKA, ABB, FANUC introduced Cobots in last 10-15 years. All the development in Cobots is going to achieve best of both human and machine capabilities. Cobots can replace laborious, monotonous & dangerous manufacturing tasks. This will reduce risk in the operation & any kind of health hazard. And allows human operator to work in harmony with the Cobots to increase productivity & efficiency. This will provide more meaningful role for the employee. But on the other hand, Cobots, Robots are one of the reasons for unemployment. We can’t ignore this fact while implementing benefits of industry 4.0 technologies.
Policy and Public Sector Support 

Globally all governments are taking initiatives to support manufacturers looking to benefit from the adoption of Industry 4.0 emerging technologies.
In Feb 2021 UK government announced  £40 million investment to help polluting industries like steel, pharmaceuticals and food and drink to find new ways to reduce their carbon emissions. 
Government expects solutions including using heat recovery technology to generate electricity and replacing gas with hydrogen fuel to help businesses cut energy costs, protect jobs, and improve air quality across the UK. This funding supports the government’s mission to build back greener and eliminate the UK’s contribution to carbon emissions by 2050. 
MADE Cymru is a suite of three EU-funded projects delivered by a team of industry experts at University of Wales Trinity Saint David (UWTSD). From remote learning opportunities to collaborative research and development, MADE Cymru is helping manufacturers in Wales with everything they need to take full advantage of Industry 4.0 technologies and Innovation Management to make a positive economic impact. As well as having access to these advanced technologies, participating companies are guided by the expert team through the entire R&D process. 

Stimulus packages such as the recent super-deduction capital allowance scheme launched by the UK Government’s HM Treasury department (UK Government, 2021) are designed to encourage manufacturers to invest in productivity enhancing plant and machinery. 
Globally all the governments are offering different incentives & schemes to reduce carbon footprint & encourage use of natural & local materials. This will result in greener & cleaner environment. Governments support research, development and innovation projects around the world. 
Conclusions 

Impact of Industry 4.0 technologies the way products are manufactured

From an environmental & societal perspective, beneficial impact of adoption of above industry 4.0 technologies is the flexibility, quick response, digitization and agility that manufacturing systems can have. Manufacturing companies can react to specific regional or customer demands at faster rate. It will allow them to manufacture custom made products and reduce the high-volume mass production requirements. This approach can save significant amount of raw material, which will reduce overall manufacturing cost & time. Mass customisation can be possible by offering customers exactly what they want & need at lower price. 
Singapore Airlines Engineering Company will be 3D printing many of the interior parts like meal trays, window shades and the brackets that fasten the overhead luggage compartments. Right now, the airlines need to maintain inventories of a ton of different parts for when they need to be replaced across the fleet. It's extremely expensive. Multiply that cost times the number of different permutations of planes and you can understand why it is such a logistical nightmare. (McEleney, 2017). As 3D printing becomes more common & more suitable raw materials are developed many companies will adapt similar approach. This approach will reduce the environmental damage caused by existing manufacturing systems. 
The roles People will have who work in manufacturing industry

Introduction of many industry 4.0 technologies like digital twin, IIoT, Cobots will result in redundancy of some existing job opportunities. These technologies give benefit in maintenance, quality inspection, manufacturing but at the same time people doing those jobs manually will lose their job with the emergence of new jobs related to those technologies. The new jobs will be needed different skill set and may be in different locations. 
For the fourth industrial revolution impact on manufacturing industry adopting industry 4.0 technologies will be different.  Existing manual jobs will be replaced by lots of digital & high-tech jobs. Schwab (2017, p.45) also highlights the prediction made by Martin Ford of a hollowing out of the jobs skills pyramid resulting in a polarised job market with low-skill/low-pay and high-skill/high-pay segments. 
Government, Manufacturing companies need to ensure that existing manpower and young generation are getting required training to cope up with the requirements of industry 4.0. And people need to ensure that keep themselves up to date with the latest technologies & learn new skills. At large scale change in the skill requirement will be mainly enhancement of existing skill sets.
But in other cases, change could be dramatically different. This scenario will put all workforce in the habit of lifelong learning attitude. 
 
Impact on the society, environment and our planet

	Industry 4.0 technologies digital twin, big data analytics, IIoT will have will play significant role in the manufacturing, inspection, maintenance operations. These technologies will improve efficiency & productivity. 3D printing can reduce raw material requirement & stop the wastage compared to reductive manufacturing. Resource efficiency both in the raw materials and the energy used in the making of manufactured products can be improved by the ability to optimise manufacturing and supply chain systems using data analytics, digital twin, AR, and big data. Effective whole product lifecycle management and the cradle-to-cradle approach of Circular Economy practices can be realised by the adoption of blockchain technologies. 
All these factors will have positive impact on society & environment. Main benefit will be energy saving, less use of natural resources, less emission. This will help to improve air quality & clean environment. 
	Impact on developing economies is still not clear. In some part of the world people have no access or very little access to electricity, clean water, infrastructure. In those developing economies implementation of industry 4.0 will not straight forward as developed countries. Apart from  industry 4.0 technology requirements local environment, locally available skillsets, infrastructure availability will drive the change.
Manufacturers will not be able to fix these issues on their own. To achieve all the benefits of industry 4.0 technologies everyone needs to work together. Manufacturers, people, governments, educational institutes will have to put collective efforts of every scientific, engineering and technology discipline to create sustainable platforms. In coming decades, we can see the benefits that mankind & the planet deserve. Careful selection of industry 4.0 technologies will make our planet happy place to live not only for mankind but for all species.
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