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This report looks at the key business models and forms of operations associated with Industry 4.0 that have led to new sources of business value.

New avenues for operational adjustment are identified and their approach defined along with existing and emerging technologies that make these improvements possible.

The impact that each of these technologies has had on creating business value has also been identified and discussed.
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Looking at the Key Business models associated with Industry 4.0 we can see that their development has been dictated by the new technologies that have become available, allowing greater leverage in increasing value that previously would have been unavailable.
The effect these technologies have had on businesses has been significant with improvements being made in efficiency, productivity, flexibility, and safety.  
The new business opportunities that have been realised due to effective secure online transactions and real-time data interactions are also noteworthy and emerging technologies are continuing to be released that will further enhance future capabilities.
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Industry 4.0 has encouraged the development of new business models that take advantage of the increased level of data available.  Technological development and solutions in modern companies have challenged traditional understanding and highlighted the need to build new business models (Grabowska & Saniuk, 2022).

Some of the key business models associated with Industry 4.0 are listed below:

Pay-per-use model:

This model involves companies charging customers based on their usage of a product or service. This business model is commonly used in the industry 4.0 to provide access to industrial machinery, equipment, or software, which can be utilised on a need basis. It helps to save costs for customers as they only pay for what they use.


Circular economy model:

This involves designing products and services that are more sustainable and can be reused or recycled. For example, a manufacturer of consumer electronics could design products with modular components that can be easily replaced or upgraded or create a take-back program for end-of-life products. This can create opportunities for new revenue streams and differentiate a company from competitors.


Product-as-a-Service (PaaS) model:

This business model involves companies providing a product or service on a subscription or rental basis rather than selling it outright. This model is commonly used in the industry 4.0 to provide access to industrial equipment or software to customers on a subscription basis. It helps to reduce upfront costs for customers and allows them to upgrade to the latest version of the product or service more easily.


Platform model:

The platform model involves companies creating a platform where buyers and sellers can interact with each other. This model is commonly used in the industry 4.0 to create a marketplace for industrial equipment, software, or services. It helps to increase the efficiency of the buying and selling process and provides a larger market for sellers.


Data monetisation model:

The data monetisation model involves companies monetising the data collected from their customers or industrial equipment. This model is commonly used in the industry 4.0 to provide data analytics services to customers. It helps to provide insights into customer behaviour and machine performance and helps to improve decision making.

(Grosse, et al., 2020)

These key types of business models can be grouped effectively into three different approaches:
1. A Service-based approach
2. A network-based approach
3. A user-driven based approach 
(Ibarra, et al., 2018)

By grouping Industry 4.0 business models in this way, organisations can better understand the different types of models that are available and choose the ones that best fit their needs and objectives.
Another way of grouping business models can be around product, use or result and this is shown in the table below.

Product service systems business models.
	Category
	product-oriented
	use-oriented
	result-oriented

	Business Model
	Product-related
	Advice and consulting
	Product lease
	Product renting or sharing
	Product pooling
	Activity mgt./outsourcing
	Pay per service unit
	Functional result



(Weking, et al., 2020)
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Lean Manufacturing: This methodology emphasises the elimination of waste and the continuous improvement of processes to increase efficiency and productivity. Lean manufacturing techniques can be used to identify areas of waste, reduce inventory, improve quality, and streamline processes.

Agile Manufacturing: This approach emphasises the ability to respond quickly and effectively to changing customer demands and market conditions. Agile manufacturing techniques can be used to improve flexibility, reduce lead times, and increase customer satisfaction. 

Digital Twin: This involves the creation of a digital replica of a physical system, which can be used to monitor and improve operations in real-time. Digital twin techniques can also be used to simulate and develop processes, reduce downtime, and improve product quality. (Tao, et al., 2018)

Predictive Maintenance: By engaging with the use of advanced analytics and machine learning algorithms to predict equipment failures before they occur, predictive maintenance techniques can be used to build maintenance schedules, reduce downtime, and increase equipment lifespan. (Li, et al., 2020)

Smart Factory: This concerns the integration of advanced technologies such as IoT, AI, and robotics to create a connected and automated manufacturing environment. Smart factory techniques can be used to enhance operations, improve efficiency, and reduce costs.

Each of these avenues for operational adjustment has its unique benefits and can be applied in various contexts depending on the specific needs and objectives of an organisation. By adopting these approaches, organisations can optimise their operations, reduce costs, and stay competitive in the rapidly changing manufacturing landscape.
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Internet of Things (IoT): IoT refers to the network of interconnected physical devices that can collect and exchange data. In Industry 4.0, IoT can be used to monitor and optimise operations, track inventory and assets, and improve supply chain management. By using IoT sensors, companies can gather real-time data on machine performance, energy consumption, and other critical metrics, allowing them to make data-driven decisions and improve operations. (Gubbi, et al., 2013)

Artificial Intelligence (AI): AI involves the development of computer systems that can perform tasks that would normally require human intelligence. In Industry 4.0, AI can be used to automate repetitive tasks, analyse large amounts of data, and enhance operations. By using machine learning algorithms, companies can make more accurate predictions about machine performance, detect anomalies, and develop processes to improve efficiency and productivity. (Xu, et al., 2018)

Big Data Analytics: Also referred to a Deep Learning, big data analytics refers to the use of advanced analytics techniques to process and analyse large datasets. In Industry 4.0, big data analytics can be used to identify patterns, trends, and anomalies in data, enabling companies to make data-driven decisions. By analysing data from multiple sources, companies can gain a better understanding of customer behaviour, market trends, and operational efficiency, allowing them to further improve their operations and create new sources of value. (Kusiak, 2017)

Blockchain: Blockchain is a distributed ledger technology that can be used to store and track transactions securely and transparently. In Industry 4.0, blockchain can be used to create secure supply chain networks, track and trace products and assets, and manage digital identities. By using blockchain technology, companies can increase transparency, reduce fraud, and improve trust in supply chain relationships. (Hewa, et al., 2021)

Augmented Reality (AR): AR involves the integration of digital information with the physical world, allowing users to interact with digital objects in real-time. In Industry 4.0, AR can be used to provide real-time data and instructions to operators, enabling them to perform tasks more efficiently and accurately. By using AR technology, companies can reduce training time, improve safety, and gather critical insights into production processes. (Jajic, et al., 2022)
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The impact of these technologies has been significant and far reaching.

Improved efficiency: The adoption of Industry 4.0 technologies can lead to improved efficiency in manufacturing processes. For example, by using IoT sensors to monitor machine performance, companies can identify issues before they become major problems, reducing downtime, and increasing productivity. By using AI algorithms to optimise processes, companies can reduce waste, lower costs, and improve quality.

Increased productivity: Industry 4.0 technologies can also lead to increased productivity. By using big data analytics to identify patterns and trends in data, companies can modify their operations to achieve higher levels of efficiency. By using augmented reality to provide real-time instructions to operators, companies can reduce errors and improve speed.

Greater flexibility: The adoption of Industry 4.0 technologies can also lead to greater flexibility in manufacturing processes. For example, by using 5G technology to enable real-time communication and collaboration between machines, companies can create more agile production processes that can adapt quickly to changing customer needs and market conditions.

Improved safety: Industry 4.0 technologies can also lead to improved safety in manufacturing processes. Eg., by using AR technology to provide real-time safety instructions to operators, companies can reduce the risk of accidents and injuries. By using IoT sensors to monitor environmental conditions, companies can detect potential hazards and take corrective action before accidents occur.

New business opportunities: Finally, the adoption of Industry 4.0 technologies can create new business opportunities. An example of this is by using blockchain technology to create secure supply chain networks, companies can increase transparency and reduce fraud, enabling them to enter new markets and build new partnerships.
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Industry 4.0 has brought about a lot of changes in the business world. The increasing use of smart technologies such as IoT, AI, robotics, and big data analytics has led to the development of new business models. These models are designed to provide more efficient and cost-effective solutions to businesses and customers.  Companies that can adapt to these new business models are more likely to succeed in the rapidly changing landscape of Industry 4.0.

Operational adjustment is a crucial aspect of realising new sources of value in today's business environment. By embracing digital transformation, leveraging data analytics, adopting a customer-centric approach, implementing sustainable practices, and collaborating with other I4.0 partners, companies can create new opportunities for growth and innovation.

The adoption of Industry 4.0 technologies can provide significant opportunities for businesses to increase the value of their operations. By improving efficiency, increasing productivity, enabling greater flexibility, improving safety, and creating new business opportunities, these technologies are transforming the manufacturing landscape and providing new opportunities for businesses to create value.
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