
Adoption of industry 4.0 technology by SMEs in a small country or region
This document examines the adoption of industry 4.0 technology by manufacturing industries and the opportunities offered by related technology such as the industrial, enterprise and consumer metaverses





Abstract
SMEs who successfully adopted industry 4.0 technologies have been able to expand their business with the help of driven government initiatives to realise the potential of industry 4.0. Government support such as tax reductions can incentivise research and development in smart manufacturing. Whilst innovation hubs can encourage innovation enterprises to collaborate in research and projects.
There are also B2B opportunities for enterprises looking to adopt industry 4.0 technologies. Eg. training course providers are utilising immersive technologies to enhance their current teaching methods to engage trainees in novel and exciting ways.
As the industrial, enterprise and consumer metaverses develops from its nascent stage into an increasingly ubiquitous part of everyday life there are further opportunities for SMEs to make their businesses more efficient; engage and communicate with their customers in new ways; and develop new streams of income via ‘phygital’ products.
This development of the metaverses through an agreement of interoperability can create standardisation of technological components and processes which can ultimately benefit the stakeholders of the metaverses such as business opportunities in previously unattainable markets.
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1. Introduction
The fourth industrial revolution builds upon the key technological pillars of third industrial revolution with four foundational types of disruptive technologies (Agrawal, et al., 2020). These types are:
· connectivity, data, computational power (sensors, internet-of-things [IoT], cloud technology, blockchain)
· analytics and intelligence (advanced analytics, machine learning, artificial intelligence)
· human-machine interaction (immersive technologies, robotics and automation, chatbots)
· advanced engineering (additive manufacturing, renewable energy, nanoparticles)

1.1 Engaging the manufacturing workforce of the future
Certain technologies associated with industry 4.0 is expected to have long-term benefits. Eg. adopting immersive technologies in training staff, including manufacturing personnel, can help to engage Gen Z staff members who will make up 27% of the global workforce by 2025 (World Economic Forum, n.d.).
Immersive technologies can be the platform for training providers to create courses to cover manufacturing operations to on-site business fire safety procedures. Training in virtual reality has the added benefit of consistent training ie. to ensure all new-starters follows the same set of standard operating procedures. Trainers can also analyse trainees’ actions and decision-making capabilities to provide specific, constructive feedback which can help Gen Z staff to feel they are valued (Fernandez, et al., 2023).

1.2 Workforce engagement
Workforce engagement allows a company to ensure successful adoption of new technologies. McKinsey & Company lists five areas manufacturers can engage with the workforce so to ensure a smooth transition to industry 4.0 (McKinsey & Company, 2022):
· learning and development – new technologies require new skills to operate. This document will investigate how a company can develop staff via innovative methods such as immersive technology. The author of this document will also investigate how governments and society’s awareness of industry 4.0 technologies can contribute to successful transformation stories
· empowerment and ownership – encouraging workers to make their own decisions. Eg. utilising AI to analyse data for a worker to make decisions based on analysis
· collaborations and connections – creating a network of peers to share knowledge and skills
· impact and recognition – recording achievements and highlighting successes
· the voice of the worker – using digital channels to allow feedback from the workforce

2. Aims & Objectives
This report aims to investigate the adoption of industry 4.0 technologies by small and medium-sized enterprises (SMEs) within a country or region with a relatively small population. The author will investigate particular manufacturing businesses and research on the journey they took to successfully adopt industry 4.0 technology.
Further opportunities will be explored within society that supports the manufacturing industry. Opportunities through the development of the metaverse which shares key technologies with industry 4.0 such as immersive and blockchain technology.


3. Case study 1: adoption of additive manufacturing technology by an SME in a small region
3.1 Hong Kong’s re-industrialisation initiative
Hong Kong is a special administrative region at the south of China with a population of 7.41 million according to the 2021 population census (2021 Population Census, n.d.). The region’s four key industries are financial services, tourism, training and logistics, and professional services (The Government of HKSAR, 2021).
However, it is Hong Kong’s comparatively small manufacturing industry which makes the region an ideal case study for this report. The decline of the manufacturing industry from 24% in 1980 to 1% in 2020 can be attributed to the migration of manufacturing businesses to Mainland China in the 1980s and 1990s (Research Office, Legislative Council Secretariat, 2022).
Of the 7,906 manufacturing enterprises in Hong Kong, they are mainly SMEs and they account for 0.1% of the GDP; and 2.2% of the total employment (The Government of HKSAR, n.d.). It is also predicted that Hong Kong’s supply chains will become more localised in the near future (World Economic Forum, 2023).
To revitalise the manufacturing sector, the Hong Kong Legislative Council introduced a ‘re-industrialisation’ initiative which was launched in 2016 aiming to generate new potential areas for economic growth (Research Office, Legislative Council Secretariat, 2022). This initiative focuses on developing high-end and low land/labour intensive manufacturing industries whilst capitalising on industry 4.0 technologies.
To support the development of smart manufacturing, tax reductions are applied to research and development projects. Also, a Re-industrialisation Funding Scheme (RFS) was launched in July 2020 which aims to subsidise manufacturers to set up new smart production lines in Hong Kong (Innovation and Technology Commission, n.d.). The scheme provides government funding to match company funding at a ratio of 1:2 which is capped at HK$15 million (Research Office, Legislative Council Secretariat, 2022). As of the end of 2022, 18 projects have been approved totalling HK$134.3 million.

3.2 Koln 3D Technology (Medical) Limited
Koln 3D is based in the Sha Tin District in Hong Kong and claims to be the region’s first 3D-printed metal implant manufacturer. It is a registered medical device supplier of the Hong Kong Hospital Authority (Hong Kong Science and Technology Parks Corporation, n.d.).
The privately held SME employs 10-50 people (Koln 3D Technology (Medical) Limited, n.d.) and have adopted additive manufacturing technologies to produce surgical implants, jigs, tools and models which are personalised to individual patients. 3D printing allows the company to cater to each patient’s unique anatomy and the surgeon’s specific requirements.
A novel ‘tri robot system’ was developed to print ‘cobalt chromium customised talus prosthesis’ suitable for surgical usage which means the print process must ensure precision, efficiency, and cleanliness (Yau, et al., 2021).
The achievements listed on their website (Koln 3D, n.d.) include gold and silver medals at the 48th International Exhibition of Inventions at Geneva (2023).
Support from the Hong Kong Government enabled the company to scale up production and create more products (Morning Studio Editors, 2022). The region’s government provided support by allowing Koln 3D to operate within one of the ‘InnoParks’, innovation-led research and development hubs located around Hong Kong. These hubs are operated by Hong Kong Science and Technology Parks Corporation (HKSTP) which is a public corporation set up by the government. Koln 3D can also benefit within the hub through collaborations with similar enterprises.	
An example of the business expansion is an international collaboration with the Kazakh Institute of Oncology and Radiology to cooperate on research and development in bone-replacement (Hong Kong Means Business, 2021).

3.3 Opportunities for Koln 3D within the metaverse
An agreement of interoperability amongst stakeholders of the metaverse can lead to standardisation of technologies and processes which will ultimately generate benefits (World Economic Forum, Accenture, 2023). The stakeholders, as defined by the World Economic Forum, are the providers of hardware, software, platform (eg. Apple, Meta, 8th Wall, Roblox); participants (end-users of the metaverse such as consumers, workers); creators (the next generation of content creators); and society (the real and virtual communities that the stakeholders, participants, and creators reside and engage within).
Koln 3D can gain benefits from the metaverse as both a creator of 3D models of surgical parts as well as a participant who can use the metaverse to collaborate with other surgical implant designers and researchers.
A standardisation of hardware compatibility would allow Koln 3D to browse and download a 3D model of an implant for printing. This also allows for increased engagement to a wider audience to utilise its services by allowing compatible printers to print their 3D models, expanding to further international markets. The use of blockchain technologies can help Koln 3D to authenticate their assets in the form of non-fungible tokens (NFT) of genuine assets (World Economic Forum, Accenture, 2023, pp. 10-11).
A standardisation of 3D models could also allow for non-VR users to view and download the 3D model via their smartphone or computer. This again could help Koln 3D to reach a wider audience.


4. Case study 2: immersive technology in the bespoke jewellery manufacturing industry
A bespoke jewellery manufacturer can utilise virtual-try-on functions to allow customers to visualise an diamond ring on their finger prior to starting the costly and timely manufacturing process of producing an item of jewellery.
This section explores how immersive technologies can allow a SME to deploy a 3D model of a customised item of jewellery to a customer to exchange feedback for design amendments. Some of these technologies are already available whilst there are discussions for opportunities within the consumer metaverse.

4.1	Definitions of immersive technologies
It should be noted that currently, the definitions and abbreviations for immersive technology terminologies are inconsistent and contested amongst hardware providers, academics and other stakeholders (Rauschnabel, et al., 2022; Milgram, et al., 1995). However, for the purposes of this document the author uses the following abbreviations: extended reality (XR), virtual reality (VR), augmented reality (AR) and mixed reality (MR) and the following definitions (The International Organization for Standardization, n.d.). The ISO does not currently have a definition for extended reality however, it is generally defined as an umbrella term for AR, VR and MR (Qualcomm, 2017).
	Virtual Reality (VR)
	Mixed Reality (MR)
	Augmented Reality (AR)
	Reality

	Artificial virtual environment
	Physical and virtual objects co-exist and interact
	Reality has virtual information
	Real physical environment



Figure 3 ISO’s definitions of VR, MR, AR and reality


4.2	Benefits of immersive technologies for bespoke jewellery manufacturers in Hong Kong
Cheng, et al., 2019 argues that the ‘Hong Kong jewellery industry is facing challenges in adopting e-commerce, especially for product visualisation, personalised marketing, and building customer faith’ and they propose an augmented reality virtual-try-on solution built on Snap Inc’s Lens Studio AR platform.
The prolific usage of pre-rendered images of 3D models of jewellery on customer-facing webpages and social media channels suggests many jewellery manufacturers, including independent jewellery manufacturers, already possess 3D models of products. These enterprises are ideally placed to build and deploy virtual-try-on functions.
Hand tracking, finger tracking and facial tracking capabilities are useful features to consider when integrating AR within a jewellery mobile app. These capabilities are available out-of-the-box within various development platforms such as Meta SparkAR and Snapchat’s Lens Studio.
Snap Inc’s AR Enterprise Services (ARES) offers a SaaS to app developers to integrate its AR features in iOS and Android apps (Snap Inc, 2023). This service also includes a content management system for businesses to manage 3D assets. However, this service is broadly targeted at retail businesses and not specifically jewellery businesses and thus functions and features offered to jewellery businesses will reflect this.

4.3	Not all virtual-try-on functions are within the XR definition
Some jewellery retailers deploy virtual-try-on experiences without AR technology. An example is the UK high-street jewellery retailer H Samuel whose product pages on their website features a ‘How will it look?’ function powered by Tangiblee (Tangiblee, n.d.). Customers are invited to use their phone or tablet to scan a QR code which leads them to a webpage within their default web browser. They are prompted to take a photo of their hand, and then a 2D image of a ring can be dragged and dropped onto the index, middle or ring finger within the photo. Whilst this method combines real (photo of hand) and virtual content (2D image of ring), it would not be considered to be within the definition of AR as it lacks real-time interactivity and a 3D space (Azuma, 1997).
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Figure 1 H Samuel's virtual-try-on function by Tangiblee.com


4.4	Learning lessons from luxury brand’s deployment of AR
Many luxury brands have already integrated AR within their digital strategies to generate customer interest and engagement for over a decade via mobile apps and social media platforms such as Meta’s SparkAR and Snap Inc’s Lens Studio (Javornik, et al., 2021).
The Looking Glass project from Cartier’s Retail Innovation Lab combines hardware and software to allow in-store customers to visualise a select range of diamond rings. The device uses an AI-led neural network that has been trained to execute the realistic rendering of a ring in real time (Jordan, 2023). The AI neural network is trained from just videos of the real ring and renders the product onto the customer’s hand.

4.4	How can XR benefit bespoke jewellery manufacturers and retailers
Via a literature review, Dacko (2017) identified five benefits of augmented reality retail apps: improving conversion rates; reducing return rates; enlivening static retail inventories; driving store footfall; and providing a bespoke personalised experience.
Via interviews with industry experts, Javornik, et al (2021) identified several strategic approaches to effectively enhance ‘brand experience’ and ‘customer journey’ by deploying AR within its sales process. The ‘brand experience’ is enhanced through two approaches: (1) creating short-term experiences that temporarily elevates users from reality; and (2) amplifying the brand by focusing on brand distinctiveness and craftmanship. The ‘customer journey’ is enhanced through another two approaches: (1) creating bespoke personalised experiences to cater to particular needs of the customer, which ultimately justifies the luxury price; and (2) seamlessly continuing the brand’s authenticity, aesthetics, high-quality service and exclusivity from physical to digital branding eg. consistent graphic on physically printed banners and digital content.
In particular, AR usage can increase sales for a retailer especially if the products are expensive and has high product-fit uncertainty (Tan, et al., 2022) such as diamond jewellery. Furthermore, ‘virtual-try-on’ can help alleviate the uncertainty and stimulate purchase intentions by allowing customers to visualise the product on them (Hilken, et al., 2022).




4.5	Opportunities for the bespoke jewellery manufacturers within the consumer metaverse
A survey of 5,800 US consumers by Google and Bain & Company suggests there will be further long-term benefits in adopting tech-enabled innovations (eg. virtual-try-on) as this will engage the economically powerful of the future (millennials and Gen Z) (Lippert, et al., 2023).
The long-term benefits of embracing metaverse related technologies (eg. AR) is backed up by a global survey published by Ipsos. They found between half and two-thirds of participants aged 18-74 expect various types of XR-enabled apps to change people’s lives within the next 10 years (Ipsos, 2022)
As the metaverse develops from its current nascent stage, there will be opportunities for retailers to generate interest; engage customers; create customer loyalty; and develop new products such as ‘phygital’ items. Eg. a real physical piece of diamond jewellery can be sold with a code to redeem a digital twin which can be worn by digital characters in games and social spaces (eg. Roblox, Meta Horizon Worlds) (World Economic Forum, 2023). In this example, the digital twin of the ring (a 3D model) is a product of the existing manufacturing process, specifically the CAD modelling process, and therefore would not require additional resources to produce. Blockchain technology can authenticate the digital items in the form of an NFT.
Within this context, the benefits from an interoperable metaverse (World Economic Forum, Accenture, 2023) to bespoke jewellery manufacturers provide increased access to a wider group of customers.
A standardisation of 3D models allow customers to browse through a catalogue of jewellery and virtually-try-on the item before placing an order to start the manufacturing process. This also allows the jewellery manufacturers to browse and download compatible 3D designs of rings, modelled by a freelance content creator, to be implemented to designs.


5. Immersive technology and staff training
5.1	Manufacturing operations training
Immersive technologies have the potential to ‘provide scope for more effective training and remote maintenance with reduced inspection time’ (Immerse UK and Digital Catapult, 2019).
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.
Training takes place in VR and trainees are able to start and complete each module to suit their schedule as long as they have the hardware specified on their website: a VR capable computer and a VR head-mounted display.
One of the drawbacks of non-VR training sessions is it doesn’t provide engaging practical hands-on training to operate machinery. VR allows trainees to receive a sense of spatial awareness similar to a practical hands-on training. Immersive technology can contribute to a positive training experience by creating a ‘sense of presence’ that other digital training methods cannot provide (Garnham, August 2021). A sense of spatial presence adds value by providing simulated physical control and its impact is greater for customers who prefers verbal rather than visual information (Hilken, et al., 2017).
Another advantage VR training has over ‘shadowing an experienced staff’ is trainees would receive consistent training, follow the same set of procedures and guidelines.
[image: ]
Figure 2 Courses and modules offered by the Linde Virtual Academy

5.2	On-site fire safety training
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 presents its own difficulties. One of these is providing training sessions which actively engages the course attendees so that attendees would be able to apply the right kind of extinguisher to the right material. Two companies that offers training solutions are XVR and FLAIM System.
Both XVR and FLAIM System provide their services to government funded fire and rescue services (FRS) and private enterprises around the world. XVR is popular amongst incident command training teams from UK FRS’s and has an active user group to which the author of this document used to belong.
XVR is offered to organisations via a SaaS or subscription-as-a-service (XVR, n.d.). It uses the Unity game engine and the software allows non-game developers (eg. team members from FRS training departments) to build virtual training scenarios quickly. Eg. a preset warehouse environment can be populated with 3D models of machinery, forklift trucks, warehouse staff, fire, smoke, firefighters, and fire appliances. This presents an opportunity for manufacturing management teams to strategically deploy business fire safety training and procedures to its staff.
A XVR training session can be viewed by a group of trainees on a 2D screen (eg. a projector screen) or individually via a VR head-mounted display (HMD). The trainer typically adds ‘injects’ to test the trainees on their decision-making skills within a fire-related incident. Eg. within a manufacturing context, a 3D character could approach the trainee and let them know a staff member is missing from the role-call and may be missing within the building which has smoke billowing out.
The advantages of game-engine based fire safety training, such as XVR, allows for a wide range of scenarios unique to each organisation which can be built relatively quickly without prior knowledge on game development or programming languages. XVR engages with user groups on an annual basis to improve areas of the software such as the user interface (UI). This allows XVR to build an UI that is accessible to users whose day job isn’t necessarily to build a virtual training scenario.
FLAIM System allow users or trainees to tackle a fire incident which can occur within a manufacturing space. Trainees puts on a HMD and pick up a modified firefighting nozzle or fire extinguisher which acts as a ‘game controller’. They are presented with a virtual scenario where they can safely learn about fire safety procedures.
Fire EMT is a Queensland based organisation which provides fire safety training to corporate clients. (FLAIM, n.d.). They are able to bring their training courses to their clients’ offices and manufacturing spaces to carry out group training on how to tackle incidents involving a fire such as how to respond to a fire; general evacuation instruction; fire panel instruction; how to respond to fire and rescue service personnel with the relevant information they require.
[image: ]
Figure 3 A corporate training session using the FLAIM VR training system


6. Metaverse opportunities
6.1	The Industrial metaverse
The industrial metaverse builds upon one of the pillars of the industry 4.0 to act as an interface between the real and virtual worlds to allow for collaboration that was previously limited by geographical locations (MIT Technology Review Insights, 2023). It is a convergence of digital twins, artificial intelligence and machine learning, extended reality, blockchain, and cloud and edge computing.
It will allow enterprises to collaborate on projects with a constant exchange of information and data for decisions and solutions to be made. It is expected the next generation of digital twins will be enhanced with photorealistic models; will be physics-based to allow for realistic simulations; and AI-enabled to provide efficient problem-solving. Digital twins are estimated to increase commercial efficiency by 10% and reduce capital and operating expenses by 15% (MIT Technology Review Insights, Siemens, 2023).

6.2	Developing a skilled workforce
The support to enterprises from the government of Hong Kong via the HKSTP innoParks project is part of Hong Kong’s re-industrialisation initiative and may contribute to the high awareness of the metaverse amongst Hongkongers. 77% of the region’s population have an awareness of the metaverse and 82% have an awareness of extended reality (Lo, 2022). This high awareness of the metaverse and web 3.0 technologies could lead to a skilled workforce equipped with knowledge to develop a smart manufacturing industry.
Two of the region’s universities have metaverse counterparts which are aimed at students to learn, rather than maintenance. In July 2022, The Hong Kong of University Science and Technology (HKUST) announced MetaHKUST, a ‘twin campus in metaverse’ (HKUST, n.d.). Whilst in May 2023, the University of Hong Kong (HKU) announced the ‘HKU Campusland’ (The University of Hong Kong, n.d.).
The MetaHKUST campus aims to link the university’s Hong Kong and Guangzhou physical campuses to allow for students to attend the same lectures as the geographical distance would make it impractical to attend every lecture. Physical infrastructures were in place to facilitate the teaching. XR classrooms were kitted out with sensors, cameras, and VR harnesses for lecturers.
Additionally, other industry 4.0 technologies are utilised such as students will be awarded with blockchain-secured diplomas in the form of NFTs. And open days can be staged in the metaverse independent of physicals ones to save cost.
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Figure 4 A HKUST lecturer and the metaverse campus


7. Conclusion
There are short-term and long-term benefits for a SME to adopt industry 4.0 technologies. Koln 3D was able to adopt additive manufacturing technologies to grow an enterprise and expand to international collaborations. Bespoke jewellery manufacturers have the opportunity to utilise immersive technologies to communicate designs to their customers so to reduce time and resources.
Manufacturing operators and other personnel can benefit from immersive training in a range of subjects from how to operate machinery to firefighting procedures. Immersive technology allows trainers to provide a novel and exciting learning experience whilst trainees can feel engaged and developed.
Hong Kong is undergoing a ‘re-industrialisation’ initiative which is built upon a drive towards industry 4.0 technologies (HSBC, 2022). Government support is provided via its Hong Kong Science and Technology Parks Corporation (HKSTP) which is upgrading existing industrial estates for the innovation industries. Eg. The Tseung Kwan O Industrial Estate will have an Advanced Manufacturing Centre to support innovative companies such as Koln 3D.
Wider societal impact from industry 4.0 technology includes two of the region’s universities developing metaverse versions of their campuses to allow for students to attend the same lectures even if geographical locations make it impractical to attend regular lectures.
As the industrial, enterprise and consumer metaverses develop, there will be further opportunities for different businesses such as the next generation of digital twins can utilise AI to constantly solve problems for manufacturers; and the sale of ‘phygital’ products for retailers.
Assignment 2		Chun Ho
However, an agreement of interoperability amongst stakeholders of the metaverse should be established and maintained to allow for a standardisation of technological components and processes. This will generate more benefits via increased access to markets; increased engagement with participants; increased efficiencies; and increased trust between businesses and consumers.
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