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1. Introduction 
In the current economic and political climate, the need for small to medium sized enterprises to adapt their operations to become more efficient and more flexible is necessary in order for them to manage the fluctuating business environment in which they function. The challenges currently facing all business with regards to material availability, political tensions, and the recent global pandemic, add to the driving force behind the necessity to change and improve operations to be successful.
Industry 4.0 is a tool, businesses can use in order to prevent problems caused by these challenges. In this essay, we discuss the requirement for SME’s to adapt and to adopt Industry 4.0 technologies and what this actually mean in real terms for the business.
To evaluate their impact, the essay will look to set out and assess the different methodologies, phases and functions related to the topic and discuss their benefits and restrictions with relation to SME’s.
Is investing in Industry 4.0 a viable solution for SME’s looking to improve operational performance and management? Is the impact on employees positive or negative? And are the financial implications of developing such new technologies a worthwhile investment?

2. What is Industry 4.0 and the 4th Industrial Revolution
When investigating methods to improve operational processes and management within the last ten years, business would have done well to avoid the term ‘Industry 4.0’. For manufacturing businesses, looking to improve their product, processes or business strategy in areas such as, warehouse management, manufacturing execution, planning, component procurement, maintenance or even HR, the term Industry 4.0 would have been at the forefront, centre, and base of any methodologies currently being pushed. (Winter, 2022)
The conception of Industry 4.0 can be traced to numerous beginnings. In 2011, at Hannover MESSE, Bosch described the trends of integrating information and communication technologies with industrial manufacturing processes and coined ‘Industrie 4.0’. (Xun, et al, 2021) Manufacturing industries across the globe took notice and many governments set up incentives to support and help businesses understand this new idea that was sweeping the globe. The UK government set up, ‘future of Manufacturing’ in 2013, that same year, Bosch executive Siegfriend Dais and former CEO of SAP Henning Kagermann lead a working group on Industry 4.0 and presented implementation recommendations and advice to the German government. (Winter, 2021)
This is what we now know to be the beginning of the fourth Industrial Revolution. Where businesses and manufacturing companies use information and communication technology, integrated into their production processes to connect, analyse, automate, and improve all aspects of their operations. 
The combined technologies allow for processes and systems to have complete visibility, predictability and to become adaptable and flexible to the needs of the business, hence the term, ‘smart factory’. Companies could implement a smart warehouse management system optimising the use of autonomous mobile robots to make their stock management more visible and efficient. They could employee Discreet Event Simulation to create a digital twin of manufacturing operations and test and analyse manufacturing processes. They could make use of industrial robots and collaborative robots that can tend machines and equipment automatically, 24 hours per day. Business could even invest in AI platforms that allow for supplier and customers performance analytics allowing real time control of inventory and scheduling.  
Business today have access to a vast and varied array of technology that, when coupled with the correct understanding and methodology, can offer significant advances and improvements over traditional operations. Understanding this statement can lead to further questions about the challenges businesses of today are exposed to. With such a wide collection of technologies available to the CEO or technical manager, is the problem not only, ‘What technology do we use to improve our operations today?’ but more significantly, ‘How? and in what order to we implement these technologies to see the most effective solutions over a longer period of time?’

3. What is an SME
For small businesses and enterprises, this challenge is even more considerable. The UK’s, Foreign, Commonwealth & Development Office, states that ‘Small to Medium sized Enterprise,’ have an annual turnover of less than 43 million Euro’s and less than 250 employees, (FCDO, 2023).  For SME’s, investments must be efficient, effective, and present a viable solution to the challenges stated. The implications of failed investment opportunities can have serious financial effects for SME’s.  
Furthermore, the number of employee’s employed by SME’s must be taken into consideration. Is the goal of the business to reduce the number of employees undertaking laborious tasks, to allow upskilling and an improvement in moral? Is the business looking to outsource projects or does it employee people who have the skill and knowledge to complete these tasks internally? Another key point to examine is the effect automation has on how the business is perceived by customers, will the reduced physical human interaction with the product negatively affect the company’s image? Careful consideration must be taken into account when outlining the final goal of the projects undertaken by ensuring that the project plan highlights detailed steps to ensure that the solutions to overcome these challenges are properly identified and understood.
4. What is a small country.
The second point this report is to regard is the effect a location has on the business when looking to improve its operations by integrating Industry 4.0 technologies and methodologies. Is a business based in a small country exposed to any different benefits and challenges when compared to similar businesses in larger countries?
Defining the size of a country can be difficult, (Brito, 2015) there are numerous different measures to take into consideration. Do we look at, land area, population size, economic performance or a combination of these factors. Compare the United Kingdom and the United States of America as examples; USA is ranked at the top of countries when looking at GDP alone, with a population of roughly 325million and a land mass of 9.834 million km2. The USA can be defined as a large country by all measures. The UK on the other hand has a population of only 66 million and a land mass of merely 0.25 million km2, incomparable to the USA. However, when looking at GDP on its own, the UK sits at rank six (ONS, 2023). Looking at this data, should we define the UK as a larger country or a smaller one?
For simplicity, in this report we will look at countries ranked outside of the top 16 when comparing GDP and negate land mass, population size and other measures.
Additional items to be considered when looking at small countries and the impact of location on the adoption of Industry 4.0 are political and economic restrictions and benefits. What, if any, initiatives, and grants are available to help businesses? Are there any sanctions or restrictions on trade in place? For small businesses, these factors will have a significant impact on their performance and ultimately their profitability and success.   
 
5. Why should SME’s in small countries adopt Industry 4.0
Irrespective of the size of a company, the key driving factors behind Industry 4.0 adoption are the expected benefits that it has to offer to the business. (Atieh, et al, 2022). A small business, looking to improve its operation may however experience greater advances from its introduction. The appealing nature of benefits such as, improved productivity and efficiency, better flexibility and adaptability, improved customer experience and increased profitability will be much more attractive to an individual at small company than it would be to an individual working at a larger, multinational company that already employs numerous policies and procedures to aid its operations.
Small business owners usually have a greater tie to the business on a more personal level, it is common for the business owner, the CEO to have been present at the initial conception of the business and be present all the way through the growth to a time when the operations become successful. They have had more input, attributed more ‘blood, sweat and tears,’ and the drive for them to continue to improve the proficiency of the business can be rooted within their personal characteristics and emotions. (Sauer, et al., 2021)
For SME’s, the appeal of the smart factory and I4.0 is difficult to disregard. The induction of new technology, streamlining of production process, upskilling employees, connecting, and providing visualisation of all aspect of their management and practices, are all advantageous factors associated with I4.0. However, precise, and thorough planning must be developed to see the greatest return on investment, failure to adhere to a detailed plan could result in the opposite effects becoming realised due to greater financial and resources constraints. (Masood and Sonntag, 2020)
Take a company looking to replace its manually driven fork trucks with autonomous mobile robots to improve safety and reduce the number of employees moving product as an example. The company want to move product from point A to B but fail to analyse the route and travel distance to ensure it is as efficient as possible.  The company invest heavily in the autonomous robots to complete the task only to realise afterwards that the same outcome could have been achieved, at a lower cost, by simply aligning point A and B adjacent to one another. 

6. Digital Transformation
How can SME’s ensure that the introduction of Industry 4.0 technologies have a positive impact on business? Business must understand that I4.0 is a subsector of a wider fundamental business idea and a technical component of their operations management. To improve the business operation, product and processes they must look to first optimise and improve their current operations, information technology services and look to combine the two as they progress through their digital transformation journey. (Rauch, et al., 2020)
For the benefits of I4.0 technologies to be realised, there are several key fundamentals and foundations that must be in place prior.
The processes involved with product manufacture must be able to be connected to the internet. Traditional ‘relay logic’ style machinery and manual machinery such as drills and lathes, do not have this capability due to the lack of CPU. Without this capability, digital extraction of data to provide analytics is impossible. Further installation work must be completed in order to make the data of these systems available to the smart network. 
Furthermore, the factory must be capable of interconnecting processes via internet networking (Pilloni, 2018). The visualisation of process data over networks is an essential part of the smart factory. You would expect the manufacturing area to be safe, appropriately laid out and have a modern style physical infrastructure.
An additional pre-requisite, but not entirely essential at the beginning of the transformation, is for the manufacturing process to be understand and evaluated referencing Lean principles. Lean production looks to highlight and remove non-essential tasks, waste, from each stage of the process, to remove bottle necks and reduce cycle times and to continuously evaluate and improve. Lean production and Industry 4.0 can be tools used individually to improve business operations, however, used together the overall improvement and benefit can be further optimised. Industry 4.0 provides real time data and analytics that can feed and provide solutions to Lean steps and principles.

7. Industry 4.0 Methods and Lean
Once a company has decided to begin its digital transformation and adoption of I4.0. What technologies are available to them that enable improvement of key performance indicators and how do these technologies impact the business? 
We look back again to Lean methodologies to find our non-value-added tasks that enable us to select areas of focus. The first step is to perform a value stream map and identify in-efficient processes with regards to Lean. The common eight wastes in manufacturing can be itemised as; Defects. Overproduction. Waiting. Unutilised talent. Transportation. Inventory. Motion. And extra processing. (Womack et al., 1991). Once these areas have been identified, and lean has been used to improve the process, field experts can then begin to look at Industry 4.0 to provide further potential improvements.

Data Collection – A key requirement to ensure Industry 4.0 technologies are optimised correctly is led by the manufacturing data available. It is fundamental to successful projects to be able to measure, analyse and understand data prior, and throughout the project progression. For a company to make the correct decisions about the outcome of a project, the data collected needs to be clear, free of errors and relevant to the project. 
This can be particularly demanding for an SME. Take a small company who use paper based, record keeping for measurement of manufacturing data. An employee is required to count parts, record cycle time, monitor and sort defects, log breakdowns and rest times to keep track of their daily output. The system allows for numerous errors and can lack the precision required for the topic due to the different personal attributes of the employee completing the task. Incorrectly recorded data can lead to the incorrect identification of problem areas and subsequently the incorrect solution being identified.
Another problem with manually input data is the time it takes to complete and analyse. This non-value-added tasks can take up a significant proportion of an employee’s time, time that could have been used to carry out more productive tasks.
To overcome this, SME’s can look to develop and integrate a smart data collection service. Smart data collection is an automatic way of recording KPI’s of a manufacturing cell or process. Usually, the CPU is programmed to monitor signals such as, ‘machine on time’, ‘machine running time’, ‘machine in fault time’, and ‘number of parts produced’. These signal values are then automatically output and converted to data that can be automatically input into spreadsheets and databases located on the IT system. 
There are many companies specialising in offering smart data collection services to SME’s. The solutions offered can vary in complexity and cost, ranging from a simple, standalone monitor connected via GSM, through to a completely integrated system developed for the specific individual. With the right technical knowledge, it is also possible for SME’s to complete this task internally. However, consideration for the length of time these systems take to develop and then further analyse once running efficiently, must be taken.
For manufactures, the negative impact of integrating such a solution is negligible. Other than considering cost and time, the solution provides many benefits to SME’s. Once the installation and initial setup is complete, the company can begin to record, accurate, real, UpToDate and specific data relevant to the manufacturing process. The data is generated and recorded automatically, again, releasing operators to perform more meaningful tasks. For continuous improvement and Lean, this data can be evaluated and trusted enabling Lean officers and I4.0 technicians to provide a relevant solution to improve the KPI’s as required.

Discrete event simulation – Once the data has been collected and a potential solution realised, it is prudent for the SME to attempt to prove that the solution is viable prior to investing significant income into the project. Again, traditionally, this would have been the task of numerous employees, who would analyse the potential solution to deem its efficiency. The task would involve collecting data regarding work content and cycle times and to attempt to manually simulate and calculate the efficiency of the process.
The issue with this type of simulation and calculation comes from the inability to make small changes to the process without having repeat the complete calculation process. Employees carrying out the task would also have to make assumptions based on the physical conditions of the environment and characteristics of the process. These small changes and assumptions allowed the outcome to vary and become inaccurate when attempting to validate large complicated systems.
In Industry 4.0, Discrete even simulation allows SME’s to create a computerized manufacturing simulation to model and test important aspects of a potential manufacturing process. The simulation would then give results based on efficiency, cycle time and give operational insights that may have been missed at the conception of the project. By breaking down the system into a series of sectioned times steps, with numerous events and components interacting with one another at each stage, DES allows for manufacturing insights into the behaviour of the system under many different conditions.
The limitations to the use of DES is to be considered. For SME’s the simulation process is computationally intensive and requires complex model development, this is usually beyond the possibilities of completing internally. Employment of external companies are required to carry out the task and these companies will require input from the SME in order to collect the data that is required. The process is extensive, time consuming and will require detailed analytics to ensure its outcome is valid.
In respect to the digital transformation of the manufacturing area, DES provides a sequential step in the journey, linking smart data collection to the physical introduction of modern technologies on the shop floor. Ensuring that SME’s can be confident that their forecast solutions have accurate data to back them up and can be adaptable and flexible to the manufacturing environment.

Stock Control, asset tracking and warehouse management – In addition to Industry 4.0 technologies that offer SME’s improvements to their manufacturing process. Companies and business can also look to make their logistic management processes more efficient by adopting smart systems that help companies manage and control daily warehouse operations, provide visualization of material stock levels and track product progression through the manufacturing process. These systems can also begin to manage and predict operations to enable planners to forecast changeovers and routine maintenance tasks.
For SME’s, the transformation from handwritten schedules and physical stock takes, to a digital system that performs these tasks automatically is key to ensuring that the manufacturing process, already optimised, runs as effectively and as efficiently as possible. By organising activities such as, component pick, transfer to process, packaging stock and replenishment, and by providing a single interface for which to view and manage these tasks, a eWMS can significantly improve operations throughout the site. Couple this with other tools such as, RFID tracking, automated mobile robots, virtual reality software, logistical planning software and ERP systems, a digital warehouse management system can have a number of substantial benefits and provided improvements to KPI’s.
A good eWMS can improve operational efficiency by streamlining processes from inbound receipts to outbound deliveries. Smoother operations and task management allows for the ability to handle higher work volumes and reduce errors in the process. By reducing errors, the system can also reduce lean wastes and costs involved with storage of product. By allowing systems to manage and simulate the warehouse area to be as efficient as possible depending upon the needs of manufacturing, SME’s can expect to see an improvement in the inventory movement and storage. 
WMS systems are also capable of tracking components using RFID barcodes, this not only allows for visualization of live, stock levels but allows for customers to see the life cycle of the product all the way through the manufacturing process. Improving the customer, manufacturer, and supplier relationship.

8. Next steps 
 After completing these initial tasks to collect data, map value streams, network process and infrastructure and keep track of stock and products digitally. An SME will have all the tools and data required to begin installing physical technology on the shop floor and begin the final stages of their digital transformation journey. By completing these steps sequentially, the SME can guarantee that the correct foundations have been laid to ensure further investments have the greatest opportunity to succeed.
There are many physical technologies available to the SME that are Industry 4.0 capable. All allowing data collection and networking to ensure that process status and characteristics can be recorded and analysed. All provide some benefit to the business with regards to visualisation of the processes involved. 

Industrial robots – When discussing Industry 4.0 and the smart factory, the image of an industrial robot automatically performing a task previous completed by an employee is quickly imagined. Integrating a robot into a process is clear way to iterate the intentions of the business and is a clear symbol of its drive to be at the forefront of modern technologies. The initial benefits are obvious, a robot can work continuously without the need for rest breaks or holidays. A robot can perform precise, repeated operations without variation. Replaced operators can be moved to more rewarding roles or even upskilled to manage the robot process rather than tend to the machine. The impeding structure of, the usually brightly coloured robot, is a symbol to customers that the business is performing at the absolute best of its ability.
But does an industrial robot prompt any negative impacts on the business and the people involved with it? It is a common misconception that robots will replace humans outright in the manufacturing environment. Any discussion alluding to the technology usually results in numerous questions regarding the security of employees’ positions within the manufacturing environment. This can have a detrimental effect on the moral of employees, (Zsifkovits, et al,. 2021) leading them to feel worried and undervalued, which in turn can result in lowered productivity or could cause the employees to seek roles elsewhere that appear more secure resulting in a labour shortage at the site. To combat this, employers must take time to discuss the plans with the workforce to enable them to understand completely the company’s objectives. They must take the time to reassure and train the workforce.
Usually, the opposite of the employees’ worries are true. By integrating the industrial robot into a position where the original operator’s task was intensive or laborious, that employee can be coached, trained, and upskilled, resulting in a greater sense of achievement, wellbeing and ultimately an improvement on their salary.
With Regards to Lean, and the impact an industrial robot tending to a manufacturing machine can have on the operation of a business. We expect to see a reduction of the Lean wastes mentioned previously. The robot will remove unnecessary ‘motion’. As the operator will no longer be physically interacting with the product, we remove the risks involved with manual lifting, repeated movements, and other workplace accidents associated with operator and product interaction. The operator is also no longer tied to a specific process. By providing further training, the operator can improve their knowledge and understanding of associated processes and grow with the business to become a valuable asset.

9. Conclusion
By evaluating the phases of Industry 4.0 integration examined we can begin to assess the impact the methodologies and technologies have for the SME. In order for the integration of Industry 4.0 to be successful and have a positive impact upon the business, the SME need to accurately collect data, clearly define the integration plan, involve and provide associated discussions and training to employees and ensure that Lean Principles are adhered to throughout. 
Technological solutions should be provided for the areas of focus presented by Lean to ensure that the investment is viable. Correct data analyse is fundamental. It is entirely possible to spend a significant amount of resource on a potential improvement project only to find that the initial data collected was misinterpreted and that the solution would have been more beneficial elsewhere. This can have serious financial implications for the business and reiterates the necessity for robust data collection and analysis. 
A clearly defined integration plan allows for visibility and assessment by all parties involved. It is essential to discuss the solutions with the employees effected to prevent negative influences and thoughts from effecting their performance. By mentoring and training employees’ and discussing their worries, it is possible to promote the benefits of the projects, improve their skills and ensure that a positive moral is upkept.
The integration of complex systems can also have a positive impact on the local community. By employing local specialists to complete the tasks, the SME can ensure that the local economy also sees benefits from its progression. Networking and collaboration also allow for a development of good business relationships. The joint ventures and successfully completed projects can be added to company portfolios, accelerating growth and knowledge of all parties involved.
For SME’s when Industry 4.0 is approached systematically using analytical methods, the outcomes have a greater benefit when compared to traditionally operations. By implementing solutions calculated, SME’s can expect to see positive effects that result in improved KPI’s such as OEE, quality, MTTR, cycle time and asset utilisation. Couple this with Lean production systems, continuous improvement and employee mentoring and training, SME’s can ensure their investments are sustainable, aiding the growth and success of the business in the future. 
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