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Summary
The new business opportunities that comes with industry 4.0 requires fundamental changes in the operations of a business. This report explores key technologies that enables smart transformation such as sensors and the metaverse-related technologies. Adoption of these technology often results in impacts for workers who needs to be retained in the new system or recruitment of new staff.
Data from businesses who has already adopted industry 4.0 backs up the benefits to add to the case for manufacturing businesses to transform their operations.


1.	Introduction
The aim of this document is to explore and identify new business models and forms of operations that could lead to new sources of value enabled with new and emerging industry 4.0 technologies. This report looks to explore data and feedback from industrial and manufacturing businesses which has already adopted industry 4.0 technologies.
Business model changes will impact workers and this report looks explore how they key technologies, necessary for change, will affect the workers.

2.	Main
2.1	What is Industry 4.0
Industry 4.0 refers to the interconnection of production systems which allows it to sense, predict and interact with the physical world (World Economic Forum, 2022). The potential benefits for the manufacturing industry allows for increase in productivity, energy efficiency and sustainability.
New technologies required for manufacturers to integrate industry 4.0 includes internet-of-things (IoT), cloud computing and analytics, artificial intelligence (AI), machine learning (ML) (IBM, n.d.).
Industries looking to adopt industry 4.0 technologies would likely to involve devising a new business model. Designing a new business model requires cultural transformation since operational and managerial roles will likely be performed differently (KPMG, 2023).

2.2	Example of a new business model:  mass customisation
Smart manufacturing factories and businesses can produce customised goods to meet individual customers’ need with cost efficiency. In contrast, the first industrial revolution enabled mass production, the fourth industrial revolution 4.0 enables mass customisation (IBM, n.d.).
Key technologies enabling mass customisation includes additive manufacturing (eg. 3D printers), immersive technologies, the metaverse.
3D printers allows for rapid prototyping of customised designs of product for end-user feedback and amendment. Eg. a diamond jewellery manufacturer can design a diamond ring using CAD software to be exported to a 3D printer for prototype printing in economical material such as plastic or wax. Expensive material such as powdered precious metal can be used to print the final product.
Retailers connecting physical and digital channels will create business advantages by engaging the economically powerful demographical groups of the near future (Millennials and Gen Z): “tomorrow’s winners in retail will connect physical and digital channels to create a seamless experience, enabling them to offer more targeted, personalized, and lower-friction in-store shopping for their customers in a few ways.” (Lippert, et al., 2023) The same survey brief also claims “Gen Z and millennials are significantly more likely than older generations to have used emerging media to shop.” Where ‘emerging media’ refers to ‘virtual try-on’, ‘virtual try-out’, ‘livestreaming’ and ‘e-commerce via social media’.
Representation, experimentation and aspiration appeals to the Gen Z generation (Nokia and Ipsos, 2022). Customised products allows Gen Z customers to express themselves physically and digitally. The ideologies of the metaverse allows businesses to deliver long-term benefits by engaging the economically powerful demographic of the future (Millennials and Gen Zs).

2.3	Other key technology enabling smart transformation
2.3.1	Sensors
Smart sensors are drivers of industry 4.0 and the IoT within manufacturing spaces such as factories. Smart sensors can be defined as a combination of sensor, microprocessor and communication technology to convert environmental inputs into readable data (Ernst & Young Global Limited, 2019).
Typical communication methods used by a sensor to transfer data to processing units includes wifi, Bluetooth, near-field communication (NFC), radio frequency identification (RFID), zigbee.
The benefits of smart sensors in a supply chain of a manufacturing business includes (Deloitte, n.d.):
· Increase operational efficiency through the automation of operations.
· Reduce costs in repairs and maintenance via better monitoring.
· Perform real-time inventory tracking.
· Inform product development through automated data feedback.
· Enhanced customer experience.

Soft sensors
Soft sensors are software-based that uses algorithms to process hundreds of measurements simultaneously. Within a smart factory, soft sensors can be implemented in physical environments where hardware sensors would be impractical such as chemical processing or combustion environments (Ernst & Young Global Limited, 2019).

2.3.2	Metaverse-related technologies eg. digital twin
Within the manufacturing context, the metaverse offers new ways of operating. 60% of businesses has piloted or deployed metaverse-related technologies (Nokia, Ernst & Young Global Limited, 2023). Also, the metaverse allows human machine operators to interact with digital twins in an immersive environment.

Visualised predictive maintenance
Using virtual representations of physical systems to convey data to machine operators. This allows the data collected from a various array of sensors to provide real-time status of the system. Allowing operators to make decisions to repair, rather than deferring the decision to repair to managers.
A digital twin can be presented to a human operator wearing a mixed reality headset such as a Microsoft Hololens (Microsoft, n.d.). The worker can look at the physical machine that needs repair and a 3D model can be visually overlaid on top of the machine which pinpoints the source of the issue.
Additionally, the suppliers of the machines and equipment can remotely diagnose or provide a solution for maintenance.
Data has shown that 25% of industrial goods and manufacturing businesses has planned to implement visualised predictive maintenance systems within 2023 and 7% has already deployed systems. 53% of businesses has reported safety improvement as a key benefit (Nokia, Ernst & Young Global Limited, 2023).

Autonomous and remote-controlled operations robotics
This allows automation in production processes as well as allowing human operators to remotely carry out functions in situations where being on-site is impractical or hazardous. And thus, further improving safety for workers.


Virtual research and development, prototyping and testing
Initial design, engineering and testing can be conducted collaboratively via the medium of immersive technology. Eg. Microsoft HoloLens (Microsoft, n.d.) allows teams to work collaboratively, not restricted by location. Additionally, 3D models of products or systems can be viewed at a 1:1 scale.
Data has shown that 23% of industrial goods and manufacturing businesses has planned to implement visualised predictive maintenance systems within 2023 and 5% has already deployed systems. 55% reported an efficiency (Nokia, Ernst & Young Global Limited, 2023).

Training
Operational skills training
Within the manufacturing context, a solution for training operators is offered by Linde via the Linde Virtual Academy (Linde Virtual Academy, n.d.). Courses and modules include technical training procedures such as ‘confined space entry’, ‘reaction to and electrical incident’, ‘manual switch-over or warm pumps’ as well as other skills useful for manufacturing operators.
Data has shown that 27% of industrial goods and manufacturing businesses has planned to implement extended reality (XR) training within 2023 and 5% has already deployed systems. 59% reported safety improvement (Nokia, Ernst & Young Global Limited, 2023).

Soft skills training
Soft skills (eg. to the customer service, fire safety, presentation skills) and can add value to operational, non-operational and managerial personnel at manufacturing businesses. Health and safety are an important part of manufacturing space just like other workspaces. In particular, providing training to staff on business fire safety procedures. Two companies that offers training solutions are XVR (XVR, n.d.)and FLAIM System (FLAIM, n.d.).
Data has shown that 63% of businesses reported benefits which offers new business models, 47% in staff retention and upskilling (Nokia, Ernst & Young Global Limited, 2023).


Virtual supply chain
The metaverse can serve as a hub for contact between suppliers, production and sales teams. Sensors allows the tracking of inventory and automate the ordering process to restock.

3.	Conclusions
There are benefits and additional streams of revenue for manufacturing businesses to adopt industry 4.0 technologies. Eg. increased operational efficiency, improved stock tracking, improved systems monitoring which leads to predictive maintenance. However, there are challenges to overcome such as workforce resistance or re-training of personnel.
Data has backed up benefits as reported by industrial and manufacturing businesses who has adopted industry 4.0 technology (Nokia, Ernst & Young Global Limited, 2023).
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