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[bookmark: _Toc109849367]Abstract 
Industry 4.0 continues to be a trending topic in manufacturing and the recent global manufacturing challenges are forcing manufacturing SMEs to explore how Industry 4.0 can be implemented to improve competitiveness. Adopting Industry 4.0 is not without challenges, but companies could succeed if they clearly defined the problem to be solved, evaluate a challenge severity matrix, and select an appropriate Industry 4.0 technology to solve the problem. 
This report has demonstrated this approach for UK based manufacturing SME. The company struggles with accessing real time data for unmanned shifts. Literature research and process evaluation, indicates that the deployment of noninvasive IoT sensors to the legacy machines would be the best approach in solving this specific problem. 
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[bookmark: _Hlk109734365]Manufacturing today is susceptible to several challenges and these challenges are not peculiar to only small to medium size enterprises but also applies to larger organisations. Factors such as agility, responsiveness to varying clients demands, and focus on product quality determines the survival of manufacturing companies today (Fatorachian and Kazemi, 2018). Zheng et al., (2021) also argued that increase in globalization, mass customization, and immense competition, means that traditional manufacturers are faced with new challenges in the present turbulent economy. 
Florescu and Barabas, (2020) established that to thrive, and respond effectively to new market demands, manufacturers need to rethink their entire processes by implementing digital technology. Digital transformation has been influencing manufacturing processes since the third industrial revolution, but Industry 4.0 now presents companies with new opportunities for innovation as never seen before (Castelo-Branco and Cruz-Jesus, 2019). The increasing demand for faster delivery times, better quality products, and more efficient and automated processes is driving manufacturers towards Industry 4.0 (Zheng et al., 2021).
Industry 4.0 is a German strategic initiative aimed at establishing smart factories where new technologies such as virtual reality, robotics, artificial intelligence, additive manufacturing, and internet of things (IoT) can be implemented for economic, societal, and environmentally sustainable manufacturing systems (Kamblea, Gunasekaranb and Sharma,2018). 
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Fig 1. Summary of Key Benefits of Industry 4.0 (Fatorachian and Kazemi, 2018).
Although the benefits of adopting Industry 4.0 are enormous for manufacturing SMEs, there are still big challenges to consider (Fatorachian and Kazemi, 2018). Kamblea et al. (2018) also argued manufacturing SMEs are faced with uncertainties of high investment and no clear benefits or ROI if Industry 4.0 is deployed.  It was highlighted that businesses have a mountain to scale for the timely and successful implementation of industry 4.0.
Below are key challenges in the implementation of Industry 4.0 technology in SMEs:
1. High implementation cost
2. Privacy and security concerns
3. Requirement for advaced skills
4. Business and process change management
5. Lack of standardised implementation technique
6. Lack of adequate internet and IT infrastructure  
7. Big data administration
8. Disruption to daily business flow
Research have shown that the existing roadmap for Industry 4.0 is still to an extent unclear. It should be approached as a long-term commitment focused on factory, business, process, and customers (Mittala et al., 2018).
Following the research above, the main objective of this report is to demonstrate practically how this ever-trending topic of Industry 4.0 can be successfully implemented in a manufacturing SME to solve a specific problem. 
This report comprises of a clear list of aims & objectives, implementation methodology, background research, conclusion, and recommendations. 
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The intended output of this report is listed below to buttress the aims and objectives in detail:
1. Demonstrate how Industry 4.0 can be deployed for problem solving in manufacturing SMEs.
2. Establish effective means of mitigating the common challenges in implementing Industry 4.0 in small manufacturing enterprises. 
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This report utilizes literature research and an industrial case study. The literature reviewed are journals of similar background. This includes academic work that showcases Industry 4.0 application in manufacturing and more specifically, manufacturing SMEs. 
The case company is a manufacturing SME based in the United Kingdom. A subcontract machining business for the oil & gas, aerospace, and automotive industry. 
Being a moderately forward-thinking innovative company, it currently operates to the industry 3.0 standards. An ERP system is used to run the business operations from stock to production control. The company has recently implemented a shop floor data collection software which is fully reliant on shop floor operators manually clocking in and out of jobs. 
Tremendous benefits have been seen following the deployment of shop floor data collection. It is now easier for the company to ascertain status of long lead-time jobs and to report progress to their clients. A key benefit to this is also the ability to effortlessly compare estimated (planned) time to actual time on a real-time basis. Hence once a machining operation is exceeding the allocated time, a prompt flashes on the dashboard to notify a supervisor. 
Notwithstanding these benefits, the company is confronted with a new challenge. Because the shop floor data collection process is reliant on operators, during unmanned hours the company loses access to real-time data. Due to the machines being traditional legacy machines, only limited data can be retrieved in the morning shift except operators worked the night shift. 
The company is faced with the options of providing a night shift routine, upgrade to modern machines, or explore other possibilities in the unknown territories of Industry 4.0 technology. 
Firstly, a problem was identified as highlighted above. The company’s requirement is clear but there is a lack of understanding in the best cost effective and timely approach to solve the problem. A new night shift routine is feasible but its manual, requires recruitment, several legalities, and can be expensive. Replacing over 30 legacy machines is ideal but the company cannot afford such investment in the short-term. The only other alternative is to investigate what other solutions are available with Industry 4.0 technologies. 

Background Research 
As established in the introduction section above, implementing Industry 4.0 is prone to several challenges so the first step is to evaluate the severity impact of these challenges to the case company. 
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Table 1.0 Challenge severity matrix
Following Table 1.0 severity matrix results, any Industry 4.0 solution adopted would have to be low cost, simple to deploy, and noninvasive to machines or production in general. 
The second key step in this research is to identify the available Industry 4.0 technologies that meets the above criteria and solves the company’s problem. As highlighted in above introduction, the common technologies used in Industry 4.0 includes: 
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From table 2.0 above, point 2, 3, and 5 are most relevant to the problem and point 5 which is internet of things provides the most flexibility that accommodates the severity matrix results.
IoT which is short for internet of things was first coined by Kevin Ashton in 1999 and it has since been described as a world of prevalent connectivity in which hosts of internet-enabled physical devices constantly feedback valuable data to improve manufacturing processes (Fatorachian and Kazemi, 2018). Research have shown that IoT implementation is dominant in manufacturing for machine monitoring and asset management (Kalsoom et al., 2021). IoT have enabled manufacturers to improve efficiency, productivity, and attain invaluable data for strategic decision making.  
IoT enables machines to have self-monitoring abilities which allows real-time productivity and utilization data (Fatorachian and Kazemi, 2018). Silvaa et al., (2020) research also supports that IoT devices has the possibility of obtaining real-time information from machines, equipment, and processes, hence assisting strategic decision-making processes. According to Franka et al., (2019), IoT is simply the integration of sensors in an internet environment through wireless transmission. And recent cost-reduction of advanced sensors has made IoT technology appealing to manufacturing SMEs. 












Conclusion 
It is evident that Industry 4.0 has a huge role to play in helping manufacturing SMEs survive the current global climate. Industry 4.0 adoption in manufacturing could reduce cost, increase efficiency, and increase product quality. This enables real-time data availability for strategic business decision making.
There are challenges in adopting Industry 4.0 technology in manufacturing SME’s. To mitigate these challenges, a company must be clear on the problem it intends to solve with Industry 4.0, perform a challenge severity matrix and select the most suitable Industry 4.0 technology that solves the problem. 

















Recommendations
Following the research conducted, it has been established that Industry 4.0 is a suitable alternative for problem solving in manufacturing SMEs. With availability of cheap noninvasive machine monitoring sensors, IoT technology can be easily deployed to capture shop floor data during unmanned hours. These devices can sense vibrations and temperatures and use these to generate meaningful data that can be further analysed on a cloud-based application. 
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nication of production machinery with similar communication

(Babiceanu and Seker 2016; Kache and Seuring 2017). Inorderto. - mechanisms.

“This paper aims to use systems theory to analyse and address
this challenge. Systems theory considers systems as dynamic enti-

securityfor datain transit’should be putin place (Lopez Research  ties with interdependent and interconnected components (Grant,

2014,8). Shani, and Krishnan 1994). Based on this theory, identifying and

Table 1. Summary of key benefits of industry 4.0 and its enabling technologies in manufacturing.

Industry 4.0 Enabling Technologies

Industrial Internet, Internet of Things, Cyber Physical Systems, Information Network, Software Systems, Cloud Computing, Big Data Analytics

Key benefits Examples of results References

Meeting individual customer demands  + Including individual customer-specific criteria in the process of production Kagermann et al. (2013); Helo and Hao
- Rapid transferring of customer requirements into production processes (2017); Upton (1995)
+ Enabling high level of flexibility
+ Enabling last-minute changes into the production process

Flexible and agile engineering and Dynamic and flexible configuration of various elements of business processes  Oberg and Graham (2016); Abele etal.
manufacturing + Creation of agile engineering and manufacturing processes (2007); Hu and Kostamis (2015)
+ On time verification of design decisions and quick incorporation of decisions
into engineering and production processes
+ Improved responsiveness and decision-making

Improved information sharing and + Easy access to real-time information and effective cooperation between differ- ~ Lopez Research (2014); Chen and Deng
decision making ent machinery and manufacturing systems (2015); Lang et al. 2014)
+ Improved performance and production quality
+ Improved product development

Improved integration and collaboration  + Improved information sharing and collaboration Shamsuzzoha et al. (2016); Bechtold
+ Monitoring operations from any location etal. (2014); Lopez Research (2014)
+ Enabling proactive approach towards problem solving

Improved resource productivity + Continuous optimisation of manufacturing processes and production systems  Kagermann et al. 2013); Lopez
+ Creating cost effective measurement systems and performance management  Research (2014); Li et al. (2016); Helo

tools and Hao (2017)

+ Automation of environmental control tools

Mass customisation + Individualisation manufacturing processes Brecher, Kozielski, and Schapp (2011);
« Production of highly customised products at low volume Zhong etal. (2015)

Generation of high-quality and highly customised products
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The second key step in this research is to identify the available Industry 4.0 technologies that
meets the above criteria and solves the company’s problem. As highlighted in above

introduction, the common technologies used in Industry 4.0 includes:

Page7of 13 195Gwords [ Englsh (United States)

H P Type here to search

B X

B 5% Accessibily: Investigate

Technology

Discovery

Virtual reality

Virtual reality is applicable for training and process enhancement.

Robotics

Robotics is ideal for unmanned situations, but it can be expensive and

complex to deploy.

‘Artificial intelligence (A)

‘Artificial Intelligence is a complex solution for an Industry 4.0 beginner.

‘Additive manufacturing

‘Additive manufacturing is not applicable to the problem

Tnternet of things (loT)

Tdeal solution for the problem and offers flexibility of approach

Table 2.0 Industry 4.0 technology and relevance mapping

From table 2.0 above, point 2, 3, and 5 are most relevant to the problem and point 5 which is





