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Introduction
Manufacturing industry has been going through revolutionary changes in the past and is continuously evolving. Industry 4.0 is the latest massive change it is facing. I4.0 has become the new tech jargon talked a lot now about. As any previous industrial revolution, I4.0 is also associated with innovation and value creation but also with disruption and uncertainty [7]. Large companies have foreseen the unavoidable future and market changes and quickly adapted to adopting Industry 4.0 through agile methodologies. For an SME, this is cannot be an abrupt change as their operating model is different and constraint and limitations are more for them [8]. This report investigates the importance of focusing on Industry 4.0 for SME and impact of adopting these technologies by SME. The organizational, cultural and technological evolution required in achieving ever rewarding digital transformation which creates value, growth, operational and financial improvements along with competitive advantage are discussed. A case study analysis of manufacturing system is considered to evaluate the challenges and benefits in embracing a successful Industry 4.0 implementation.

Main content – Industry 4.0 Challenges & Benefits
The term Industry 4.0 was originated in Germany in 2011 and was intended to support manufacturing development (Yin et al, 2018) [11] through advanced technologies. The below diagram describes the journey of industrial revolution from the past to present. 

Figure – 1 Industrial revolution stages [3]
I4.0 combines the possibilities of transforming the physical, digital, and biological world and to define a new way of life and coexistence. In a report by Mckinsey & Company on Industry 4.0, a global manufacturing survey revealed that 68 percent of companies see Industry 4.0 as a top strategic priority today. Below is the trend score analysis of Industry 4.0 over lean manufacturing which clearly shows the steep growing interest in Industry 4.0 after 2014.

Figure 2 – Global trend score analysis
But, understanding why it is important for organizations to adopt Industry 4.0 is crucial to get the real benefit out of it. Whether it is an MNE or SME, the digital transformation should be backed by strong reasons why the organization is adopting that journey and support from resources from shop floor to top floor. Because the results from the same report [5] says that “Given this high degree of attention on Industry 4.0, it is no surprise that 70 percent of companies have already started to pilot Industry 4.0 solutions. What may be surprising, however, is that at the same time, only 29 percent of companies are capturing value from such solutions at scale, with the rest being stuck in “pilot purgatory””. Hence it is much needed to understand why part of it. MNEs and Large OEMs like organizations were the first one to pilot I4.0 technologies, digitalization in their organization, use it and scale it is understanding at least one of its benefit - flexibility, cost, efficiency, quality, or most of all competitive advantage amongst peers. This statistic is different for Small-to-medium enterprises (SME. In [6], Mittal et al mentioned, according to the European Commission [14], SMEs may be defined as the enterprises which employ less than 250 employees and have an annual turnover not exceeding EUR 50 million, and/or an annual balance sheet total not exceeding EUR 43 million.  Daryl et al [8] mentioned that “SMEs play a vital role in contemporary manufacturing value chains [13]. They contribute on average with more than 50% of the value to the economy in the European Union and with almost 100 million employees, represent approximately 70% of the European workforce”. Hence it is important to accelerate the I4.0 adoption journey to empower growth and transform the economy. As per [1] even though MNEs contribute significantly to the economy (Etemad, 2009), it cannot be ignored that SMEs make up 90 % of companies operating within the EU (2016). Hence the impact of SME is substantial. They create jobs, economic growth and ensure social stability. But unfortunately, it is noted that SMEs often lag this journey because of their operating model, goals and success factors and inherent limitations on resources. Introduction of I4.0 technologies in SMEs is still challenging, particularly in production, logistics, organisational and managerial perspectives (Modrak et al. 2019) [15].for the SME to face competition both nationally and internationally and to have strong financials, they should move in to digitalization. The magnitude of SMEs means that the effect of increased adoption would likely be greater than that in
Large MNEs only [1]. As we know the industry 4.0 is realized through digitalization and digital transformation of any organization, SME struggle with this change management and are not ready to transform their operating model. Many of the SMEs still like to operate in the conventional and traditional way they operate because they are afraid of the new disruption or because they do not have enough to invest on resources and innovations. But understanding what is going to be the impact of ignoring digitalization would be good point to discuss. SMEs often takes the path of ‘Do not fix it if it is not broken’ which means they do not want to bring disruption in technology, people, work or in management until there is some issue in the current way of operation. But what they often forget is, there is COI (Cost Of Inaction) associated with it. Technology is allowing new capabilities, low cost solutions, new paradigm of connectivity and IOT(Internet Of Things) which cannot be ignored anymore. Essentially, if you are not moving forward, you are moving backward. SMEs should understand this aspect and realize that market is changing, customer preferences are changing, and they are demanding more. If SMEs cannot address this volatile environment, they will not be able to face competition, and not make profit and grow. Hence it is the need not option anymore. 
2.1 Challenges
As it is mentioned that SME struggle to get motivated in adopting Industry4.0, it is worth understanding the challenges they have. Tariq Masood et al, 2020 [1] descries most of the research are addressing Industry 4.0 implementation techniques for multi-national enterprises (MNEs) or larger companies but a little study has been done describing SMEs in centre. Like they are different from MNEs, they are different from each other which makes developing a universal model that fits all difficult [1]. It is also noticed that start-ups in SMEs tend to adopt digital technologies more than incumbent companies. It is also mentioned in the same paper that there is significant gap between characteristic need of SMEs and Industry 4.0 offerings. Hence the challenge for SME is more as the digital transformation is still in infant stage. In a wide perspective, it can be told that the major challenges revolve around 3 categories – People, Technology, Organization. Disseminating the 3 aspects in detail would reveal the hurdles that are present, its depth and baseline of change requirement to start the journey. 
2.1.1 People
The critical resource in any organization is people. This resource spread across top floor to shop floor and it is much needed to take them along for a sustainable digital transformation to any organization. Whenever change management happens, it should be ensured that they appreciate the transformation and understand the implications. One of the key challenges when considering ‘people’ in an organization to enable digital transformation is lack of expertise or skilled labour. According to [16], the “rate of innovation is outpacing the employee’s skills”. Existing workforces are dedicated to specific task and have little time to invest on skill development. Many of the cases, if the upskilling is not driven from top level management, employees do not care to upskill themselves as they do not realize the value of it. Introduction of new technologies or even simple tools can only deliver value if the organization is trained and enabled to leverage the tools as part of the core value creation engine [5]. In the report by Mckinsey, it is mentioned that often the “company considers the deployment of new tools as IT focused tech implementation and does not put enough emphasis on capability building in the existing operations community (e.g., including lean and Six Sigma specialists)”. This means the digital transformation is happening in isolation in SMEs without proper measure to make it sustainable. People are either not aware of the benefit of digitalization in their company or not made aware of them. But once the digital tools are implemented, the operating personals are the experts who could be the change agents and catalysts who can combine their vast knowledge with process domain and bring value creation. While there are apprentices and university curriculum changes happening to prepare the new generation for specific skillsets in digitalization and Industry 4.0 technologies, it will take considerable time to realize the productivity and the influence. The existing workforce should be trained and upskilled to take the digital transformation journey forward. Most of the time, introducing Industry 4.0 technologies are understood as IT integration. But ‘Data’ is the new fuel and leveraging power of data would be key in automating manufacturing industry. Data, cloud, IOT, IIOT are lot heard in the manufacturing now but a little understood as well. If an SME is considering employing basic data capturing methodologies to improve any process, or increase efficiency or operational profits, there should be workforce in the organization who can assimilate the insights from data visualization tools, identify inefficiencies in internal process with the help of digital platform and convey the bottle necks to top floor from shopfloor. Utilization of industry 4.0 technologies would result in reallocation of unskilled labour with technically skilled ones. In any organization with limited human capital, it would be ideal upskilling their existing workforce as one of the main strategies when planning the digital transformation. It is not just moving the machines from manual to digital but their employees as well. Moreover, to assess own capabilities and to lay a roadmap for digital transformation and thus move to Industry 4.0, any organization would need employees who understand the big picture of it. Hence it is critical to educate the employees first when thinking of going digital. Structured training programs developed based on detailed assessment of existing skill level and target skill level would be beneficial to accelerate the journey. The below chart shows the need for digital-savvy workforce over recent years in UK and Wales 

Figure-3 Percentage of job advertisements requiring digital competencies.
Another aspect of people when considering moving to Industry 4.0 is culture. Many of them understand as its not their cup of tea when it comes to data, digitalization and digital transformation.  It is either because they do not realize the value of it or being ignorant of it. When employing the I4.0 technologies into an organization, the people should be made aware of what impact it is bringing to existing operation, what major issue it is solving and the long-term benefit as much as possible. This makes them understand the holistic view of it and the upgrade will not be in isolation. We initially discussed the consequences of being ignorant to digital transformation by any SME. The same applies to people as well. The cost of ignorance could be replacement from the existing role. Automation and digitalization should be looked like new job creating market rather then job cutting market. This would reduce the repetitive manual tasks to maximum extent possible and allow reallocate employees to value added work which finally would improve their working morale. 
2.1.2 Technology
There are a lot of technological advancements happened in recent years related to Industry4.0. machines to managements, digital solutions and service providers have emerged from initial phase to matured phase and improved their offerings in terms of cost and capabilities. Low cost sensing solutions for critical machine related data capture which can be utilized for OEE and productivity improvements, high fidelity communication protocols with enhanced interoperability and adaptability, optimised and simplified cloud infrastructure (private, public, hybrid) and flexible utilization methods, advancements in data analytics and AI with augmented reality (AR) and virtual reality (VR) deployment method in low-code no-code environment, improved MES(Manufacturing Execution System) software and  ERP software are some of them. Technology is making CPS (Cyber Physical System) a reality through advanced connectivity combine with digital twins and big data analytics. Even though there are lot of options for any SME to drive their digital transformation strategy, it is still a challenge for most of them. There are different reasons attributing to it. 
2.1.2 a) cost
One of the major challenges is cost. Many of the organization refuse to make high upfront manufacturing IT investments for connected factory or so-called smart factory as they see significant risk of failure in it. Often, they do not have financial resources to try out and assess the initiative. They work on tight cost schedule and anything which makes a positive outcome for them. When a considerable amount needs to be invested in a new technology, a lot of approvals are required which make things harder to invest. SMEs do not consider digitalization as part of their strategic agenda and do not invest such projects. As per [5], Upfront investments can be minimized by applying the minimum viable product (MVP) approach, this is part of agile operation as well. Focus on the smallest possible implementation while delivering business value. Many of the MNEs started like that running a pilot project, analysing, and realizing the benefit and scaling it to make it part of daily operation. The good part is that MVP’s ROI comes within months rather than years and allows companies to prove the economic potential of the use case. With this de-risking approach, the full-scale rollout can be backed by a clear business case often with much shorter ROI timelines and more targeted investments than originally foreseen [5]. Top level organization is not convinced to make investment in new I4.0 technologies which do not amortise in same year and do not showcase visible short-term impact. MVP is the best solution to address this concern. Sometimes, pilot project does not demonstrate the real value as they were chosen based on ‘easy-to-implement’ option or being a ’fancy-technology’ to showcase. Even though these implementations solve potential implementation risks and inspire ambitious future, they limit P&L obscure the business value created. Hence, they are not scalable and perish after the pilot and essentially the organization is not in the digital transformation journey anymore. It is critical to spend enough time in understanding the MVP, timelines and short-term impact to scale it up. Lack of focus is also another concern which mainly is attributed due to large number of use cases. In one of the site visits to a pallet making company in North Wales, while major problems in the company was discussed, they had a plethora of use case ideas identified for digitalization, but they struggled to prioritize the top value drivers. Having a long list of use cases often limit the possibilities of MVP, pilot and scale up option with limited resources. Additionally, before investing in new technologies, SMEs have minimal or no expenditure for R&D activities which is another challenge in recognizing the emerging technologies needing a consultant dependency while transforming digitally. 
2.1.2 b) Lack of clarity about economic benefit
For many of the SME, digitalization is a fancy word which is used by tech-savvy people but do not understand the real benefit of it. As market is volatile and customer preferences are everchanging, it is much needed for any organization to embrace economic benefit by deploying digital technologies. Connectivity and data bridge the gap between spatial distances and gives a helicopter view about geographically spread entities enabling organizations to make data informed decision making. Improving productivity, quality, reducing waste is not only improving economic benefit of an organization, making it sustainable as well.  
2.1.2 c) Broad band infrastructure
Inadequate broadband infrastructure is a major issue for most of the SMEs when considering employing the industry 4.0 techniques. The moment ‘connectivity’ comes part of planning, decent broadband infrastructure is associated with it. Many SMEs do not have enough IT infrastructure in the shopfloor where machines are located. One of the studies reveals that, SME in rural areas with limited broad band infrastructure are lagging digital transformation and moving to I4.0 than the one in urban areas with better connectivity. Working with one of the SME in North Wales, it was understood that it takes a lot of time and approvals to enable Wi-Fi/3G routers in the shopfloor. Many of the time, they are concerned about data security and privacy. Inherent limitations in their device configuration make it harder to be flexible, connecting with external data and adoption of new technologies without significant IT infrastructure upgrade. Cyber security infringements and their impact to organizations in recent years are threatening SMEs from adopting I4.0. one of the webinars about digital manufacturing by IET discussed about working in a cyber insecure environment knowing how to protect data and machine from cyber attackers would be needed going forward. Cyber security is a growing topic as once data is transferred from local to connected cloud storage services, it should be encrypted and secured to prevent any information loss to unauthorised activities.     
2.1.2 d) Lack of awareness
There are abundance of technologies SMEs are to be aware of. As the Industry 4.0 is penetrating into the manufacturing industry, less experienced SMEs are confused about the options available in the market when tailoring their solution. Comparison of these options just with cost of deployment or cost of running is not enough while considering the selection criteria. Many of the cases, SMEs struggle with matching their bottle neck with appropriate Industry 4.0 technology as solution. When considering connected factory and IIOT for manufacturing, SMEs fail to understand that low cost on-premises cloud solutions exist and might be only necessary instead of high cost off-premise cloud. Organization driven methodologies should be implemented to address this knowledge gap. Skilled workforce to evaluate the options available in the market and select the latest technologies to suffix the organization challenge is much needed to bridge the gap.
2.1.3 Organization
As the industry 4.0 technologies are still in the maturing phase, many organizations hesitate to change their operating structure for digitalization. Unless the change is business driven and advocated by senior management, its existence is a question. Furthermore, internal problems and internal bureaucracies along with regulations make it difficult. For many of the SMEs, especially inherited ones, the legacy is followed and any change in the experimental nature is not much entertained. Leadership should identify the business needs and challenges and lay down proper roadmap for digitalization journey. Lack of corporate culture for I4.0 concepts are also contributing to delay in adoption. Conservative company strategies are often followed to operate in fail proof way. SMEs do not know where to start from to generate new growth opportunities. They are lacking clarity in terms of understanding the I4.0 concepts and trying out pilots. Lack of vision and support from leadership adds on to it. There are not enough measures to evaluate the digital maturity of an SME which could enable them to their existing situation, set target goals, lay down the implementation plan to upgrade in digital transformation journey and assess their position with respect to competitors. 
Furthermore, Modrak et al. (2019) conducted a structured literature review and identified following I4.0 challenges for SMEs:
(1) Production: using RFID technologies for data processing, use of mobile user interfaces, use of machines with internet connection, using ICT to identify production statuses, and introducing IoT into the production.
(2) Logistics: implementation of automatic control into delivery processes and introducing autonomous inventory management.
(3) Organisational and managerial: applying organisational models of production for mass customised products.
Tariq Masood et al utilized TAM (Technology Acceptance model) framework for assessing the technology adoption which is depicted in diagram below.


Figure-4 TAM for technology adoption in SMEs

They considered 3 major external factors and their influence on the benefits and challenges. 6 major hypotheses were considered and evaluated through surveys. The results showed that H1,H3,H5 are accepted while H2,H4,H6 were rejected using statistical analysis methods. 


Figure-5 Hypothesis formulation and details
From the above figure, we can see the advantage from I4.0 are majorly related to productivity improvement and growth.
2.2 Benefits
Competitive advantage is the major benefit of digital transformation. By employing digital technologies and data-oriented solutions, SMEs will be able to steer their wheel in the direction of changing market needs and customer preferences. With advancements in digital media and other platforms, customers are more intelligent and have high expectations about the product. Often, they demand customised solutions to fit in their purpose. An organization which can quickly meet these needs can survive and lead in the race. Digitization and digitalization allow connected platforms, common data storage provisions and better tools for wide variety of data and insights from it. This would help SMEs to stay at the competitive edge and face the future.
Manufacturing quality is another important parameter which is associated with continued partnership with large OEMS, trusted relationships and dependable solutions. Robotics is an I4.0 concept which will automate repetitive manual tasks thus avoiding manual errors and improvement in quality. Robots are more flexible and can operate 24x7 with minimal supervision. Introduction of robots in a manufacturing organization would improve product quality at the same time reducing the cycle time or time to market. Another I4.0concept recently emerged is AI and machine learning. Computer vision enabled cameras can process the product images at a faster pace and machine learning algorithms can detect product quality errors to prevent them from reaching the end customer.
Operation cost can be optimized by utilizing I4.0 concept and embracing the digital transformation. Digital tools can be used to assess the cost on non-value-added activities and waste from the process can be removed to improve cost aspects. For example, and SME working in traditional way can employ energy monitoring devices to monitor the energy usage and take data driven decision to optimize the utilization. This technology implementation is often referred to as low hanging fruit as lot of simplified options are available for such interventions. Energy monitoring would give the organization where the most spends are and how it can be optimised by reducing unwanted usage and downtimes reducing the cost of operation. This will reduce operating cost and additionally improving sustainability goals of an SME.
Operational efficiency and manufacturing efficiency are the critical benefits an organization would realize by employing I4.0 concepts and moving to digital transformation. Smart sensing solutions at low cost are available to monitor machine critical parameters, data analytics and machine learning solutions are available to predict abnormal behaviours of machine predicting the failure in advance and enabling condition-based maintenance thus avoiding catastrophic failure cand saving long engine downtimes and associated cost. Data analytics solution has moved from descriptive and diagnostic to predictive and prescriptive. Visualization dashboard would recommend operator to take immediate action to optimize the machine operation thus improving operating performance parameters and efficiency. 
A case study analysis of a Bakery is considered to evaluate the concepts discussed above. There was site visit to one of the bakeries in North Wales which is a family-owned business. The site visit revealed that the bakery depends largely on manual works and there are minimal digital interventions used. Also, experienced personals were aged and were leaving the company without proper knowledge transfer and training to new employees. Their process steps were discussed in detail and process flow map was created to understand the challenges. A major issue noted was that the communication from top management to shopfloor was very time consuming often damaging the on-time delivery of customer orders. They were paper based and each time a new order comes, senior manager had to print that out and someone from shopfloor had to go to print that and take to the place where delivery happens. DES (discrete event simulation) was run to evaluate the exiting process, explore optimization possibilities, and analyse what if scenarios.  A detailed plan was submitted to bakery for their further analysis. Meanwhile digital screens were employed at the delivery space to reduce manual tasks and move into paperless order-delivery process. This improved their cycle time for delivery, eliminated non-value-added work and waste from process. 
In the same site visit, another opportunity was pitched to them for machine monitoring and improving OEE. Due to resource constraints and inexperienced personals, the initiative could not be implemented as they have other project goals and priorities. Talking to maintenance personals revealed that there are issues with vibrations in the machine which abruptly stops their major machine in production. Possibilities for vibration sensor application and associated methodologies for predictive maintenance were discussed. It was assessed from the site visit that even though there are major opportunities, the earlier discussed challenges like knowledged resources to take forward the opportunity, cost, culture, resource availability etc were the constraints. This clearly entitles need for an assessment tool for digital maturity.
Need for assessment tool for SME
The previous discussion on challenges, benefits and what digitalization journey means to SME clearly concludes a need for tailored assessment tool for digital maturity to SME. There were many models in the past, but this is not utilized by most of the SME either because of complexity or because of not aware of it. While starting the digitalization and I4.0 journey, the SME should be aware of the existing situation, infrastructure, and cultural aspects. Criteria should be decided to evaluate strategy of SME, technological readiness, investment readiness, cultural readiness along with financial readiness. Multiple workshops with employees at different level can be conducted to get the view of people in the organization. Surveys can be conducted to formulate the criteria and scoring factor for evaluation.
The target position of an SME is of much importance when thinking of digital transformation. Where they see themselves matters while laying down the steppingstones to achieve it. Some companies have too ambitious goals often failing to prove what they want. The goals should be driven by business needs. The target goals should be strategically decided with proper timelines and milestones. 
Proper implementation plan with actions should be laid out to achieve it. Pilots should be conducted yielding MVP to realize the short-term benefits while upskilling resources to take forward the journey. When the digital transformation is backed by need for it, along with upskilling resources and strategic plan in action driven by top level management, this becomes a reality. Now most of the countries are putting business standards and norms to sustainability targets which is also driving digital transformation a necessity not an option anymore. Organizations, technological, people factors should be considered while developing a tool for digital maturity assessment and future roadmap.
Conclusion
As discussed, SME face more challenges when it comes to I4.0 adoption and digital transformation. The ever-growing nature of these technologies make SME more difficult to access appropriate technologies meeting their demands, requiring transformation of people, technology, and organization to new levels of operating methods Upskilling resources is much needed to resolve the knowledge gap and drive a sustainable digital transformation. Understanding the benefits and defining the strategies for digitalization is crucial. Nonvalue add process should be eliminated first before digitalization. A flexible and tuneable assessment tool would be required to understand existing situation of the organization, defining targets, and implementing transformation roadmap. Case study of a bakery also enforces that challenges are pertaining in SMEs and realization of benefit backed by absolute need would only be sustainable and progressive.
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Exhibit 4: Phases of Industrial Revolution
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