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Summary  
Industry 4.0 which is also known as the fourth industrial revolution, has initiated new technologies and methods that are transforming the way organizations operate. Industry 4.0 technologies pose new paths for operational modification and business model improvements that lead to new sources of value.
This report investigates these key business models and forms of operations that are being implemented within the fourth industrial revolution. It explores new sources of value that these technologies are enabling. It also discusses the impact of these technologies in the manufacturing industry and provides illustrations of their implementation. 
The findings indicate that businesses that embrace Industry 4.0 technologies can unlock new avenues of value through reduced costs, improved efficiencies, and increased customer satisfaction. However, to attain this, these businesses must ensure the understanding and selection of an appropriate model. 
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[bookmark: _Toc132381390]Introduction 
Industry 4.0 is characterised by the integration of physical and digital systems which enables greater automation and data exchange in the manufacturing industry. Within manufacturing, Industry 4.0 is depicted by the incorporation of various digital technologies such as artificial intelligence (AI), the Internet of Things (IoT), cloud computing, and big data analytics (Choi et al., 2022). 
[bookmark: _Hlk130636156]These technologies are altering the manufacturing sector and aiding companies to achieve new levels of profitability, efficiency, and productivity (Czvetkó et Al., 2022). According to Bouchard, Abdulnour and Gamache (2022), the technological innovations of Industry 4.0 offer new opportunities for operational changes and business model modernisations, leading to new avenues of value. 
This report begins with discussing industry 4.0 business models, and its technological attributes including the impact of these technologies. It finalises with a case study and a conclusion/recommendation. 

[bookmark: _Toc132381391]Industry 4.0 business models 
Industry 4.0 technologies pose an extensive range of new business models and forms of operations (Müller, Buliga and Voigt, 2018). 
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Description automatically generated]Fig 1: Industry 4.0 Business Models (Choi et al., 2022)

These business models includes the below: 
1. Servitisation: Instead of selling a product outright, this model provides manufacturers with an option of offering it as a service. This could create a recurring revenue stream and lead to better customer relationships (Czvetkó et Al., 2022). Servitization can also be identified as Product-as-a-Service (PaaS). PaaS allows clients to access a product or service on a subscription basis. This model is enabled by using sensors and other IoT devices (Gaiardelli et al., 2021).

2. Mass Customisation: Utilising technologies such as AI and Machine Learning (ML), manufacturers can offer bespoke products at scale, enabling customers to customise products to precise specifications. This can increase customer satisfaction and loyalty, while also improving efficiency and reducing waste (Mourtzis, Boli and Pittaro, 2018).

3. Smart Factories: Smart factories are automated by using Industry 4.0 technologies such as AI, IoT, and cloud computing (Jamwal et al., 2021).  Such factories could provide manufacturers with automated processes, improved efficiency, improved quality, and reduced cost (Morais and Monteiro, 2019). This is also known as Flexible manufacturing. According to Ravinder, Rajesh and Yogesh (2020), it supports data analysis, and instantaneous decision-making which leads to the improved efficiencies and cost reduction. 

4. Predictive Maintenance: The use of data from sensors and other IoT devices, can enable manufacturers predict when machines/equipment are likely to fail and hence, perform maintenance beforehand  (Drakaki et al., 2022). Predictive maintenance can reduce downtime and improve uptime, saving cost and enhancing overall efficiency (Marcucci et al., 2022).

5. Blockchain: Blockchain technology is used to establish transparent and secure supply chain transactions (Khan and Park, 2020). Manufacturers can utilise this to track products from raw materials to completed item stage. Hence, reducing fraud, improving traceability, and increasing efficiency (Longo et al., 2019).

6. Augmented Reality and Virtual Reality: Also known as AR and VR, these could be utilised in manufacturing to enhance training, facilitate remote collaboration, and improve design and production processes with minimal cost (Abidi et al., 2019). These technologies enable users to experience immersive virtual environments and can improve productivity and efficiency, while also enhancing engagement (Yildiz, Moller and Bilberg, 2021).

7. Digital Twins: Digital Twins are simulated imitations of physical object or system which are created using IoT data and other sources of information (Hürkamp et al., 2020). They are used for optimisation, allowing manufacturers to test different scenarios and enhance processes before deploying in the real world (Yildiz, Moller and Bilberg, 2021). 

[bookmark: _Toc132381392]Technological aspects of Industry 4.0
· Internet of Things
IoT implies connecting common devices to the internet and aiding these devices to send and receive data. IoT devices in manufacturing can be used to monitor machines, track goods/assets, and improve processes (Ivanov et al., 2021).
· Artificial Intelligence 
[bookmark: _Hlk130636925]AI implies the development of intelligent systems that can execute tasks that normally would require human intellect. In manufacturing, AI could be utilised for predict maintenance, to increase product quality, and enhance processes (Ivanov et al., 2021).
· Robotics
[bookmark: _Hlk130637178]Robotics implies the development of machinery that perform tasks autonomously or with minimal human interference. In manufacturing, robots are used for activities such as packaging, material handling, and product assembly (Yin et al., 2018).
· Data Analytics
Data Analytics is the utilisation of algorithms, numerical and statistical methods to attain insights from data. In manufacturing, data analytics is used to monitor and improve production processes, forecast maintenance requirements, and enhance quality of products (Yin et al., 2018).
· Additive Manufacturing
AM is the use of 3D printing to build 3-dimensional items by layering material on top of itself perpetually. In manufacturing, AM could be used to make prototypes, bespoke parts, and in some cases even finished goods (Marcucci et al., 2022).
· Cybersecurity
Cybersecurity is a significant concern in Industry 4.0 because having multiple connected devices are fundamentals of Industry 4.0. In manufacturing, Cybersecurity could protect systems, networks, and devices from illegal access and similar incidents (Marcucci et al., 2022).

[bookmark: _Toc132381393]Impact of Industry 4.0 technology 
Below is a breakdown of these impacts:
· Increased productivity and efficiency
[bookmark: _Hlk130636627]Through IoT, machines and devices can communicate, allowing for real-time monitoring of production and encouraging predictive maintenance (Müller, Buliga and Voigt, 2018). AI could also be used to optimise processes and identify areas for continuous improvement. Robotics could be used to automate recurring tasks, releasing the workforce to focus on more complex duties (Manresa, Bikfalvi and Simon, 2021).
· Enhanced Customization and Flexibility
Technologies such as AM could allow creation of bespoke products and prototypes faster and resourcefully. Data analytics and IoT could offer real-time data on consumer preferences and trends, allowing manufacturers to adjust their production processes and products offerings appropriately (Zheng et al., 2021).
· Improved Decision-Making and Predictive Maintenance
Technologies such as data analytics and AI could provide valuable insights, enabling manufacturers to make more informed decisions. Data analytics analyses substantial amounts of data in real-time to detect patterns and make projections about equipment failure, enabling  proactive maintenance to stop expensive downtime (Felsberger and Reiner, 2020).
· Workforce Transformation and Skills Development
As industries becomes more automated and connected, employees will have to adapt and upgrade their skills. Employees need to be trained in the use of technologies. Conversely, these technologies also aid employees to focus on more complex tasks and innovative problem-solving, causing their jobs to be more rewarding and engaging (Dammacco et al., 2022).

[bookmark: _Toc132381394]Case Studies
Case 1: 
Manufacturing SME implementing IoT for predictive maintenance.
A manufacturing SME in the automotive industry implemented IoT sensors to collect real-time data on their machinery, enabling them to implement a predictive maintenance strategy. The data collected from the IoT sensors allowed them to identify potential equipment failures before they happened, preventing costly downtime, and improving productivity. This new strategy also reduced the need for routine maintenance checks, which saved time and money. Overall, the implementation of IoT technology resulted in improved efficiency and cost savings for the business.
Case 2: 
Manufacturing SME implementing additive manufacturing.
A manufacturing SME in the medical device industry implemented additive manufacturing, allowing them to create custom parts and prototypes quickly and efficiently. This technology allowed them to reduce lead times and respond more quickly to changing customer needs. The ability to create customised products also gave them a competitive edge in the market. Overall, the implementation of additive manufacturing technology resulted in increased flexibility and improved customer satisfaction for the business.
Case 3: 
Manufacturing SME implementing AI for quality control.
A manufacturing SME in the food and beverage industry implemented AI technology for quality control. The AI technology enabled them to detect potential quality issues early in the manufacturing process, cutting waste and enhancing quality. AI also allowed for real-time monitoring of production processes, enabling them to optimise production and reduce costs. Overall, the implementation of AI technology resulted in improved efficiency, reduced waste, and improved product quality for the business.

[bookmark: _Toc132381395]Conclusions and Recommendations 
Largely, Industry 4.0 technologies offer a wide range of new business models and methods of operations that could lead to new avenues of value for manufacturers. By leveraging these technologies, businesses could improve efficiency, reduce expenditures, and initiate new revenue streams, while also increasing customer satisfaction and loyalty (Felsberger and Reiner, 2020). As businesses adopt these technologies, they will need to rethink their business models and operations to take advantage of the opportunities presented by Industry 4.0 (Cotrino, Sebastián and González-Gaya, 2020). 
Manufacturers should consider implementing the business models and technologies outlined in this report to improve their efficiency, productivity, and profitability (Florescu and Barabas, 2020). It is recommended that manufacturers explore these technologies and collaborate with technology providers to develop new solutions that can transform their operations.
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decades, RFID has generated a great value in compa-
nies like Walmart in tracing inventory along the supply
chain, mitigating the bullwhip effect and improving
inventory planning decisions (Wehr 2004). Currently,
blockchain is the technology helping Walmart for food
supply chain management in which the time spent on
information tracking has been shortened from 7 days to
seconds. This facilitates containment identification. As a
result, the sale of food is improved (e.g,, Angus beef has
reached the level of 1.21 billion pounds) (Makori 2019).
Hence, how being “blockchain-ready” would equip a
firm with respect to its competitive edge in the supply
chain should deserve deeper investigation.

Smart contract: Second, smart contracting, which
represents an automatic computer program based
contracting mechanism, is an important industrial
application based on blockchain. Using smart con-
tracts, digital collaborations across many participating

1 E

highly uncertain and hence re-negotiation is needed
(Hart and Moore 1988, 1999, Tirole 1999), for example,
after demand realization (Van Mieghem 1999). Thus,
most contracts in practice are incomplete in nature. To
implement the blockchain supported smart contracting
mechanism, it is indispensable to develop new algo-
rithms that can run faster with higher efficiency (Fu et
al. 2020). However, the relevant research in this area is
very limited. Moreover, even though the concept of
smart contracting might sound appealing, it relies on
the design of blockchain and the corresponding opera-
tions costs are non-trivial. As the blockchain technol-
ogy records massive amount of data and almost all
consensus algorithms supporting the blockchain are
known to be computationally expensive, using block-
chain’s smart contracts will dramatically increase the
energy consumption and hurt the environment (Ali
2021). Moreover, from the perspective of “contract
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I n the Industry 4.0 era, automation and data analytics emerge as the major forces to enhance
efficiency in operations management (OM). Disruptive technologies, such as artificial intelligence,
robotics, blockchain, 3D printing, 56, Internet-of-Thing, digital twins, and augmented reality, are
widely applied. They potentially will bring a radical change to real world operations.
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