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Introduction 

	Manufacturing and production sectors are key drivers for economic growth. Today these sectors cover 16% of global GDP. All manufacturing & production processes are costly, time & energy consuming. 54% of the world’s energy sources are utilised for Manufacturing and production sectors. And these sectors are responsible for 20% of total carbon emissions every year. (World Economic Forum 2022). 
Industrial automation, robotics & electronics were key elements of third industrial revolution.  Today we are seeing Industry 4.0 technologies being implemented in all different sectors. All companies are trying to deal with the rapidly changing nature of data, automation, cyber security and additive manufacturing, Industrial IoT, digital twin. many other disruptive technologies. Manufacturing companies are analysing and implementing Industry 4.0 technologies suitable for their requirements. 

This short essay covers applications of industry 4.0 technologies, its characterises some of the main features and benefits. It also highlights the key challenges associated with implementation of these technologies. Fourth industrial revolution which is popularly know are Industry 4.0 began in last few decades & it will continue happening for next few more decades. Developed countries are conducting more scientific research & able to implement Industry 4.0 technologies quickly. 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 detailed, realistic & real time approach to manufacturing and production processes. Industry 4.0 connects physical and digital worlds in near real time. This helps in achieving better collaboration and data analysis sharing between different locations around the world including production facility, supply chain & end customers. It provides better utilisation of available resources & provide detail understanding of products, services offered & customers expectations. Use of appropriate technology & Successful implementation of technologies allows manufacturers to gain improvements in efficiency, productivity and cost-effective manufacturing. This results in financial growth of the company. 

Availability of skilled resources, advance machinery & developed infrastructure are key elements of successful implementation of any new technology. As developed countries already have all these positive factors, they are always ahead in the game. We can see industry leaders leveraging the benefits of all latest & greatest technologies. But on the other side poor & under development countries are still fighting to fulfil basic needs of bigger percentage of global population. These poor countries & small manufactures will require entirely new economic and organizational structures to grasp full value of industry 4.0 technologies. Governments & global industry leaders need to come forward to ensure that everyone gets opportunity to be part of 4th industrial revolution. And then more importantly how it effects employment. Will Industry 4.0 technologies implementation boost overall employment or it will negatively affect employment. 
This essay will investigate: 
- impact of Industry 4.0 technologies on production, manufacturing processes, industry specific activities, supply chain
- Impact on people who work in manufacturing industry & their extended society
- Impact on the environment & Planet.  
2. Industry 4.0 technologies

Today manufacturing, production & services are highly diverse in regards of size, complexity, requirements. It relies heavily on skilled and semi-skilled employees. 
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. Each organisation needs to identify areas for adoption of industry 4.0 emerging technologies.  These technologies offer opportunities for process and practice adaptation with several beneficial outcomes. With advancement in the technology, research on new materials & processes these technologies are nowadays becoming more common & therefor affordable for everyone. We will go through some case studies & potential applications of different industry 4.0 technologies.

2.1 Industrial IoT & Digital Twin Application to enhance efficiencies in food safety
The industrial internet of things (IIoT) is the use of smart sensors and actuators to enhance manufacturing and industrial processes. Siemens AG based in Berlin offers digital business platform tailored to customer requirements. Siemens offers very good industrial IoT service solution that can accelerate digital transformation. Siemen’s IoT platform offers full control over operations. It connects all company plants, machines, systems to a central location where all important data can be collected, analysed, visualized, and acted on. It performs analytics at the edge and on the cloud to discover intelligent, proactive insights that will help customer optimize productivity and reduce risk – often in near-real-time. This IoT application can be used in any industry with flexible cloud deployment options, extended connectivity, edge analytics, and low-code development. companies of all sizes can access the digital technologies to transform the way they compete, collaborate and connect.
Calvatis GmbH is German manufacturer of detergents and disinfectants for the food industry. Calvatis develops and sells cleaning and disinfecting agents and components for hygiene systems. The company supplies dispensing units in varying sizes, carefully managing the supply chain to make certain that all components, installations and systems comply with the highest standard.
In 2015, Calvatis was asked by a large customer in the food industry to supply dispensing units and the cleaning detergents for its washing lines. To extend service offering Catvatis was asked to provide central monitoring and control system & also manage the performance and maintenance of the systems. Customer expected to complete delivery, installation & successful implementation of services in very short time.
Conventionally Calvatis was monitoring its product lines’ performance by regularly visiting on-site locations. And then sampling analysis was done to assess the quality of the cleaning and disinfecting process. This manual process uncertain as to whether the cleaning and disinfecting processes used cleaning agents effectively and sustainably in accordance with food industry hygiene regulations.
As compare to household cleaning appliances, the washing lines operated by Calvatis are enormous. In Calvatis washing line standard operating procedure is, meat crates run through a series of washing machine on a conveyor belt system.  . The crates complete a three-step washing and drying process viz. pre-cleaning, main washing, and rinsing. The crates are pressure-washed using cleaning liquid made up of water & detergent. Special dispensing units inject the cleaning liquid. Dispensing units are controlled by Siemens’ SIMATIC S7-1200 controllers. As per regulations its required to keep continuous processing temperature over 82° Celsius or oxidative cleaning. (It means using water/detergent mixture instead of pure water). Oxidative cleaning is preferred options as it reduces energy and water consumption. But its very important to keep process parameters stable.
The industrial washers have advance technology for dispensing detergents with optimal quantity. Internal sensors determine water and detergent proportion. Machine temperature and chemical uses are also controlled by sensors. Access to this sensor data facilitates optimization of the process for energy and detergent utilisation. This data is important for daily operations. It provides enhanced transparency of the consumption of detergents and chemical additives. Streamlining purchasing process. Companies having multiple plants at one or different geographical locations are highly benefited by centralised data collection & analysis. 
 	Industrial IoT applications enables customers to connect products, plants, systems and machines to access all required data with advanced analytics. Customers needed data related to energy, water, detergent and chemical additives consumption. This data is also needed on hourly/daily basis and for specific batch size also. Industrial IoT offers cloud computing, which allows all results are available and can be accessed from a central location. It offers secured end-to-end solutions for connecting devices, storing data, developing and running applications on a managed service solution.
With the help of Siemens IoT application, Calvatis created a digital twin of its cleaning systems, built from performance data. From this data, the company could develop key performance indicators (KPIs) as a basis for controlling the cleaning and disinfecting processes. All installed washing systems were connected to the cloud and the data was monitored and analysed with minimal effort. The dispensing devices for the washing systems were already fitted with SIMATIC S7-1200 controllers from Siemens, which can collect and output a high volume of data.
Industrial IoT implementation resulted in the quantifiable improvements in efficiency and cost along with improvements in cleaning quality. Improvements included a 10 percent reduction in downtime and a six percent reduction in the use of cleaning fluid plus a proportionally high reduction of water usage – the detergent content in water is fixed at one-half percent. 
By using IoT application Calvatis will also be able to monitor automatic cleaning systems and foam cleaning devices in the future. And by relying on data in the cloud, the service team can organize its work more effectively – because technicians can predict what problems are occurring in the plant. Calvatis now has a new three-level service model in the pipeline. With the basic offering, Calvatis customers obtain reports at scheduled intervals. The advanced offering allows access to standard dashboards in the cloud, and with the professional offering customers can initiate analyses anytime themselves. The customers operating globally and have plants all across the world, are seeing substantial interest in the solution.

Leveraging IoT ensuring food safety, improving operational efficiencies and differentiating through new value-added services. As outlined, IoT solutions are more and more frequently requested by customers in the food and beverage (F&B) industry due to three main reasons:
1. Food safety: The process parameters of the washing lines need to be closely monitored and documented to comply with food safety regulations. IoT solutions are the ideal system to monitor the process and create alarms in case process conditions are not within the specified tolerances.
2. Operational efficiencies: A key challenge in all F&B is the optimization of resource usage: water, energy, detergents and food ingredients. In this case, IoT helped Calvatis to achieve a 10 percent reduction in downtime and a six percent reduction in the use of cleaning fluid.
3. New value-added services: IoT provided an effective solution to position Calvatis as a company offering additional value-added services and to facilitate access to new customers by being able to differentiate from competition. 

2.2 Leveraging IoT data to enhance quality and transparency

HBIS Group Co., Ltd., China manufactures and distributes iron and steel materials. The company produces cold rolled plates, high strength steel bars, steel pipes, and special steel products. 
HBIS is major steelmaker & company focuses on providing high quality steel material and offers service solutions. Company’s vision is to become the most competitive steel enterprise. HBIS provides steel grade of materials based on functional requirement. HBIS supplies steel for home appliances, automotive applications, marine engineering, bridges and construction.
HBIS are leader advanced equipment, energy efficiency and industrial machinery. HBIS’s factory asset and system process data was trapped in different silos. Real-time rolling mill operating status data was isolated in programmable logic controllers (PLCs). Plate thickness deviation data was held in the quality system. The data from meters measuring power consumption was not connected to other systems, and real-time production data was collected in the manufacturing execution system (MES). The transparency of the entire steel production process was very low, and processes could not be accurately adjusted and optimized in real time. Before applying Industrial IoT solutions company was facing challenges to Achieve production transparency, optimize production in real time, reduce unplanned downtime of key assets, stabilize quality of rolled steel & Implementation of  effective energy-saving measures.
In the past, HBIS had used manual monitoring of processes to assess machine health. The resulting downtime and poor asset utilization were often costly and time-consuming to fix. In addition, HBIS had encountered a high frequency of rolled steel defects, and the unstable quality increased the company’s operating costs.
Steel production is energy-intensive, and therefore energy constitutes a significant portion of the cost. Improvements in energy efficiency could help HBIS reduce production costs and improve its competitive advantage but without supporting energy usage data, HBIS found it difficult to effectively conserve energy. Company was facing challenges to optimize asset utilization, reduce energy consumption and improve steel product quality.
To address these challenges, in 2019 HBIS and Siemens signed a strategic cooperation agreement to jointly build a digital factory model and establish a joint laboratory as an innovative demonstration base for intelligent manufacturing based on the industrial IoT. HBIS realized the potential of digitalization and Internet of Things (IoT) technologies to address key business challenges. HBIS leverages Internet of Things (IoT) data enhance quality and transparency and environmental technology in the industry. By leveraging the easy connectivity and advanced data analytics capabilities HBIS sought to overcome its business challenges and create an optimal model for accomplishing digital transformation for the entire industry.
With the implementation and deployment of Industrial IoT platform, HBIS broke down the barriers between previously isolated assets and systems. Using IoT, the company enabled collection of key asset and systems data, including motors, PLCs, meters and the MES. All collected data is uploaded to cloud at central location. This centrally located data provides a basis for further data analysis.As core assets of the steel rolling business, rolling mills and their stable operation are keys to effective production. Continuously collecting temperature change data from coil motors and roller motors on the mills helps operators and managers to clearly understand the operation and health status of the mills in real time. 
HBIS uses Siemen’s IoT application that provides users access to essential data monitoring features for industrial assets that are connected and configured within it. IT helps locate and manage the assets, check their configuration details, monitor key assets over time and define rules to detect and correct overruns. For example, when motor temperature exceeds a specified threshold, IoT application will trigger  an event and pushes a notification to the maintenance manager. At the same time, equipment manufacturers can analyze the cause of the failure through remote access and perform remote maintenance to improve asset health. The monitoring and analysis provides timely and effective maintenance, thereby minimizing unplanned downtime of assets and improving production efficiency.

Improving product quality
This Industrial IoT implementation is providing data analysis & guidance for stabilizing product quality. It provides the capability to monitor the quality data of the final product in real time. For example, the status of rolls used in the cold-rolling production process has an important impact on the quality of cold-rolled sheets. By leveraging the advanced data analysis from roll abnormalities can be identified in advance. This results in improved quality and reduction in cost by avoiding processing of defective rolls. By capturing product quality data, actions can be taken to ensure highest quality.

Energy optimization
IoT application provides real-time energy usage data during the production process. Tracking and analysing energy consumption automatically triggers possible energy leakage and waste. IoT application helps production team to monitor important parameters & key asset  which results in efficient performance and reduction in  unplanned downtime. This ultimately provides efficient intelligent maintenance of key assets.
One application displays the 3D visualization model of the rolling mill with key performance status data. Another monitor’s motor temperatures and displays them for key motors of the rolling mill. A quality data monitoring application collects quality deviation data for each pass in the process, helping customers improve the quality level in the targeted benchmark. A roll file management application analyses the use and grinding of each roll. Another monitors emulsion indicators and analyses their relationship with rolling forces to improve productivity. After successful implementation of Industrial IoT, HBIS has great confidence in full digitalization for the company and the steel industry. IoT has brought about a transformation of operations, improved the stability of product quality and reduced costs. 

2.3 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).
Traditionally parts are manufactured by subtractive metal removal. An oversized bar or plate used for making parts. All traditional machines are designed to remove material from plate to get final profile of the finished product. This machining process results in large amount of scrap & wastage of raw material. And high amount of energy is consumed during manufacturing. Another popular manufacturing processes needs metal tools for creating parts e.g., Sheet metal dies, Plastic part moulds, Composite part tools, Vac forming tools. In this manufacturing process also tools are manufactured by metal removal process. we need to invest costly tooling & it takes considerable amount of time. Metal tools are economical only if higher volume of final parts is needed. e.g mass production of automotive or aerospace components. 

Additive manufacturing offers design flexibility & multiple manufacturing options. High strength steel, tungsten parts can be 3D printed with required strength. Only required amount of material is used in additive manufacturing which results in significant material cost saving & it does not produce much scrap. And this process is energy efficient as compared to traditional machining operations. 



GE Aviation’s additive manufacturing success story
Aerospace industry has some of the most demanding industry standards in terms of performance. Aerospace industry is one of the first to adopt additive manufacturing. The commercial and military aerospace domain needs flight-worthy components that are made from high-performance materials. 
In 2015 GE aviation started additive manufacturing facility in its manufacturing plant in Auburn, Alabama. This was aviation industry’s first site for mass production using the additive manufacturing process. Company started producing fuel nozzle injectors for LEAP jet engine using additive manufacturing technology. Previously this nozzle injector was as assembly of 20 different parts, which were assembled by brazing and welding processes. Additive manufacturing made it possible to produce this part as a single part. This new 3D printed nozzle injector is 25% lighter and five times stronger than the previous version of 20 part assembly. In 2018 company achieved new manufacturing milestone of producing 30,000 additive fuel nozzles. GE has invested about £1.2 billion into additive manufacturing research and already earned more than 300 patents for new powder metals
[image: ]
Fuel nozzle of the LEAP aero engine (From GE Aviation)

Ti-6Al-4V is also in the focus of the aerospace industry, under discussion for serial production of brackets, (Child parts of the fuel system) and similar other parts. 
Laser beam melting process is used to produce Ti-6Al-4V bracket for airbus. New topology optimized bionic design is resulting in 30% lighter parts as compared to existing conventionally machined brackets. 
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     Three brackets with support structures
     on a build plate after LBM process                Finished part 
             (From Laser Zenturm Nord GmbH and Airbus)

Additive manufacturing in Healthcare

In past 10-15 years dental industry has started using titanium & CoCr alloys for dental prostheses. By using Selective Laser sintering bespoke dental bridges, crowns are being produced. 
CBM, At Swansea university is an industry focused advanced research, new product development facility. This unit offers additive manufacturing support to  medical and healthcare industry. Computer Tomography (CT) is advance & very powerful imaging techniques. This technique is specially used to acquire 3D computer models of anatomical structures. Based on these 3D models, bespoke parts like surgical implants, surgical guide, small portion of exiting bone which is damaged during an accident are produced at CBM facility. Exact replicas are produced using 3D models & additive manufacturing technology. CBM provided parts manufactured using additive manufacturing technology with medically approved materials. All parts are manufactured with precise finish & accuracy needed for medical application. 


2.4 Artificial Intelligence & Machine learning 
Artificial intelligence is the capability of a computer system to mimic human cognitive functions such as learning and problem-solving. Through AI, a computer system uses maths and logic to simulate the reasoning that people use to learn from new information and make decision. Machine learning is an application of AI. It’s the process of using mathematical models of data to help a computer learn without direct instruction. This enables a computer system to continue learning and improving on its own, based on experience. By learning a pattern from sample inputs, the machine learning algorithm predicts and performs tasks solely based on the learned pattern and not a predefined program instruction. It will learn the new process from previous patterns and execute the knowledge.
MAIA—A machine learning assisted image annotation method for environmental monitoring and exploration
Digital imaging has become one of the most important techniques in environmental monitoring and exploration. In the case of the marine environment, mobile platforms such as autonomous underwater vehicles (AUVs) are now equipped with high-resolution cameras to capture huge collections of images from the seabed. However, the timely evaluation of all these images presents a bottleneck problem as tens of thousands or more images can be collected during a single dive. This makes computational support for marine image analysis essential. Computer-aided analysis of environmental images (and marine images in particular) with machine learning algorithms is promising, 
Machine learning Assisted Image Annotation (MAIA) is a new image annotation method for environmental monitoring and exploration that overcomes the obstacle of missing training data. The method uses a combination of autoencoder networks and Mask Region-based Convolutional Neural Network (Mask R-CNN), which allows human observers to annotate large image collections much faster than before. Using MAIA, we were able to annotate objects of interest with an average recall of 84.1% more than twice as fast as compared to “traditional” annotation methods. The speed gain increases proportionally with the size of a dataset. The MAIA approach represents a substantial improvement on the path to greater efficiency in the annotation of large benthic image collections
This is a key step in Marine Wildlife Preservation. Machine learning algorithms are beneficial to develop behaviour models for endangered cetaceans and other marine species, helping scientists regulate and monitor their populations.
Supply chain management using Machine Learning
Machine learning is a novel, data-hungry, and high-accuracy analytics approach. Therefore, it can add value in the complex supply chain management space where simple algorithms are not able to achieve high levels of accuracy. Using machine learning, companies can Forecast real-time demand, Optimize their supply chain operations and production schedules & Achieve efficient inventory management help to reduce purchasing costs of raw material. These capabilities allow companies to respond quickly to market demand changes 








Conclusions 

Impact of Industry 4.0 technologies in Manufacturing 

We have seen from the Industry 4.0 technologies example that traditional manufacturing process create more waste & consume more energy. From an environmental  perspective, beneficial impact of adoption of above industry 4.0 technologies is reduced energy consumption, simpler manufacturing, increased quality & reduced maintenance. 
These new technologies are offering digitization, real time data accessing from any remote location, quick response. Manufacturing companies can react to specific regional or customer demands at faster rate. Made to order parts cane be manufactured in short time which helps in improvement in supply chain. Local supply chain & reduced scrap results in less logistics, which in turn helps reducing carbon footprint. Industry 4.0 approach can save significant amount of raw material, which will reduce overall manufacturing cost & time. This reduced cost can be passed on to the end customer in the form of lower commodity prices at higher quality. 
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. 
Impact on people who work in manufacturing industry 
We have seen that Industry 4.0 technologies offer benefit in maintenance, quality inspection, manufacturing. And all this is achieved by digitisation, central data management. This offers new job opportunities in the area of Industrial IoT, digital twin, cyber security, Cobots. 
New jobs generated will need advance skill set and may be in different locations. 
At the same time, it will cut jobs of many manual operation. This will adversely affect machining, maintenance, quality, inspection job opportunities. Low end manual jobs will be redundant. And sometimes its difficult for average worker to cope up with latest technologies in short span. Schwab (2017, p.45)  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, Educational institutions & Industry leaders need to prepare plan for training existing manpower and prepare future generation to cope up with the emerging  industry 4.0 technology. More emphasis is needed in poor & under development countries. At present majority of these people are struggling for fulfilment of basic needs. 
At global level Financial, technological & educational support need to be provided for getting true benefits of industry 4.0 revolution.
 

Impact on the society, environment and our planet

	Industry 4.0 technologies digital twin, big data analytics, IIoT, additive manufacturing are playing significant role in the manufacturing, inspection, maintenance operations. Effective implementation of these technologies is resulting in improved productivity & efficiency. This is also resulting in reduction in raw material & wastage. 
Raw materials and the energy used in the manufacturing of the products can be optimised using data analytics, digital twin, AR, and big data. All these factors will have positive impact on society & environment. Important benefit will be reduced carbon emission & less utilisation of natural resources. This will help to improve air quality & clean environment. 
	While looking at these benefits of industry 4.0 technologies we need to ensure that negative impact of these technologies are also monitored. Big data, Cloud computing needs larger storage capacity. Hardware required for these advance applications will add extra cost. This will generate extra e-waste. Use of large hardware may result in high heat dissipation increasing temperature resulting in global warming. 
	Cyber security is one important aspect of industry 4.0 technologies. Cyber security is the application of technologies, processes and controls to protect systems, networks, programs, devices and data from cyber-attacks. Company and personal information need to be protected. Cyber criminals can misuse the stolen data which will have significant financial impact. Everyone need to ensure that their personal information is safe from any kind of cyber attack.
	Impact on developing & poor economies need to be understood. Industry 4.0 technologies will be difficult in this part of the world. It will be driven by Local government policies & priorities, local environment, locally available skillsets & infrastructure.  implementation of industry 4.0 will not straight forward as developed countries. Manufacturers, people, governments, educational institutes will have to put collective efforts of every scientific, engineering and technology discipline to create sustainable platforms. Holistic approach towards  selection of industry 4.0 technologies will ensure that environment, society & our planet are benefited. 
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