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Introduction

Today, world is competitive & market demands are changing rapidly. 
Global industry is going to transition, and everyone is looking for survival & sustainable growth. In today’s competitive world all companies are looking for better products with enhanced features at reduced cost and time. Industry 4.0 technologies are helping companies to achieve these goals.

 	In today’s modern society manufacturing, transportation, services, online businesses have changed dramatically. Adoption of Industry 4.0 technologies relevant to each industry is key factor for growth & sustainability. Elements of industry 4.0 technologies like Collection and processing of data, automation, interconnected systems, IoT, Robotics, Digital enterprise, AR, VR, advance manufacturing processes, improved logistics are playing pivotal role.  

We can see successful implementation of Industry 4.0 technologies to achieve better quality, enhanced customer experience, added security, smart & efficient factories. And it has also resulted in less scrap, less water, less electricity consumption and more importantly less carbon emission. This all has become possible by utilizing Industry 4.0 technologies effectively. 

We will see in detail how Industry 4.0 technologies are leading to new business models and forms of operations.


Digital Twin: The Digital native factory in China by Siemens

Siemens had two different sites in Nanjing, China to produce CNC controllers, Drives & motors. Supply chain & inventory management were handled individually for both sites. Two different sites with isolated production line & supply chain were not cost effective & overall operation was also complex. Siemens realised that digitalization, automation & implementation of advance industry 4.0 technologies are essential for tackling challenges & stay ahead in the competitive market.
 	Siemens decided to consolidate production line & logistics to new one site. This new factory was planned and simulated fully digitally. Siemens ran complete project in virtual world even before laying first brick of the site. Using Siemens complete holistic approach new plant was analysed, simulated , tested & validated virtually so it could be optimized in the digital world before it was built. Siemens used Digital twin technology effectively for this purpose. Improved performance and efficiency were achieved by utilizing all existing production line data, factory data, performance data & civil engineering information for building Digital Twin of the new factory. Siemens (2022)
Comprehensive Digital Twin made it possible to integrate complete product lifecycle, including factory and plant lifecycle. It enabled a continuous and open loop of optimization for both the product and the production. New factory was optimized for improved productivity, volume flexibility. This factory is also space effective & faster for material replenishment. Digital twin technology also helped siemens to achieve electricity, water saving & reduction in carbon emission. Siemens used efficient fans, pumps, cooling system, dedicated photovoltaic system, LED lighting & rainwater utilisation system. This factory meets highest ecological standards & it is best example of green factory. 

This digital twin will be beneficial for planning for future changing demands for product size & frequency. It will react faster on changing future needs.


The Internet of things (IoT) 

The Internet of things (IoT) describes physical objects connected by sensors, software, and other technologies that connect and exchange data.
 IoT is already successfully implemented in healthcare, manufacturing companies, smart home devices & social media applications.

IoT for patients & elderly family members

· Smart watches & built-in accelerometers automatically detect falls, change in heart rate. With GPS, it allows emergency services to locate & provide immediate support in emergency.  
· It offers Medication, exercise, and some specific activity reminders
· We can take care of elderly family member remotely. 

IoT Smart homes

	IoT smart home devices are used in high-tech appliances.
Home lighting, air conditioning, safety sensors, temperature control are examples of application of IoT in Smart Homes. Doors, Kitchen, Windows, overall access to house are controlled by IoT. Using IoT Technology, smart home devices of the new generation use their sensor datum to automatically adjust surrounding condition to our routines. Smart devices senses change in the parameters & based on the algorithms, it automatically maintains temperature & lighting. This results in money saving by efficient energy use. Digitum (2021)

Industrial IoT

Manufacturing industry is shifting towards Industry 4.0 & top manufacturers are adopting intelligent & interconnected manufacturing systems. 
Amazon significantly depends on logistics & they have already considered IoT-led interconnection between various devices and systems. IoT is playing very important role in Amazon’s efficient supply chain, from warehousing to fleet management and cargo tracking. IoT is acting as a pivotal force behind Amazon’s digital transformation.  
Automatic order processing and live status tracking helps Amazon to reduce the number of processing team & total operational costs. Logistics managers are using IoT for vehicle maintenance & fuel consumption. A real-time tracking of vehicle performance improves technicians’ safety & it reduces inventory damage. Live traffic data helps altering delivery routes and results is efficient & in time deliveries. Better utilisation of delivery vehicles results in lesser insurance payments. Peranzo. (2022)

Augmented reality application at Safran seats

Augmented reality (AR) is an enhanced version of the real physical world that is achieved through the use of digital visual elements, sound, or other sensory stimuli delivered via technology. Hayes (2020)
Safran Seats France has successfully implemented interconnected, smart, automated Industry 4.0 technologies including virtual or augmented reality, artificial intelligence into its aircraft seats business.
In Aircraft first class & business class seating system, electrical wiring is very special and complicated element. Safran seats uses augmented reality (AR) for seat wiring assembly. Electrical technician uses an AR system to assemble the wiring box to be installed underneath a business class seat, showing both the current state and final required assembly state. New parts which need to be added to the assembly are highlighted compared with the existing assembled structure. This assembly operation is done live in 3D. The integrated system confirms that wiring assembly has been done properly. Waltan (2022)
         This technology uses image analysis system, which is intelligent enough to identify assembly errors & wrong connections.  The technician must perform assembly sequence correctly to close the operation. System will prompt to properly reconnect the cable until the element is correct. Then only the system will validate the operation.
           In past verification & validation was conducted by another experienced technician physically. This was time consuming & skilled operator’s job. Automating this process resulted in substantial time saving & now the operation can be conducted by any available resource. Safran has completed the pilot phase on one of our business seats and future plan to generalise it to the other business seats.









Additive Manufacturing / 3D Printing

 	Additive manufacturing dates backs to mid-1980. But it has become more popular & easily accessible in last 10-15 years. One important reason was expiry of founding patents on AM fabricators & another important reason was government focus Additive manufacturing process development as an advanced manufacturing process. 
GE Aviation successfully experimented additive manufacturing technology for mass production. By 2018 30,000 units of nozzle tip were produced using additive manufacturing technology. This nozzle tip was made up of 20 different parts welded together. But under additive manufacturing this part is made as a one whole piece with optimized interior channels. This new part is five times stronger & 25% lightweight than the previous version. This fully dense part is made without any kind of wastage. Total manufacturing time is very less compared to previous manufacturing methods & assembly procedures. GE Aviation (2022)
[image: ]
           Fuel nozzle tip of the LEAP aero engine (From GE Aviation)

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. 
CBM (2022)


Conclusions & Recommendation

Industry 4.0 technologies are driven by internet, digitization, cyber security. As Industry 4.0 technologies works on real time data offers more comprehensive, reliable, connected, and holistic approach. It allows manufacturers to utilise all data to improve productivity, efficiency and offers reliable & cost-effective manufacturing. And this is helping to utilize energy resources more efficiently with less carbon footprint.
Businesses are experiencing more technology-driven changes. Artificial intelligence, augmented reality, blockchain, the Internet of Things, 5G networks, and autonomous machines will combine to reshape every industry. To stay competitive, all businesses will have to embrace these technologies to evolve their offering and transform operations. (Brown, 2020)
With Industry 4.0 technologies everything is connected, there is high risk of  hacking data and tampering with it. End users’ personal information can be misused & their private life is at risk of getting exposed to wrong people. These risks are increasing exponentially with the increased use of digital enterprise & IoT devices. 
With access to more data about an individual, the risk of using it for financial or political benefit is increasing. 
Industry 4.0 technologies are going to impact our lives greatly. We are seeing its economic advantages & improvement in lifestyle. But we also need to be careful about its disruption potential and we need to find ways to mitigate these risks.
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