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Contents 
This report seeks to explore the impact and difficulties that SME’s face when trying to adopt and implement Industry 4.0 Technologies in small countries - using a small company (Domus) based in Wales as a case study throughout the document. The report will start by defining what an SME is and then establishing if Domus fits these criteria. It will then go on to explore the definition of a “small country” and seek to establish whether Wales would be classified as such - looking at “small country” factors which may impact on the ability for SME’s such as Domus to adopt Industry 4.0 Technologies. It will then choose several appropriate Industry 4.0 technologies which are applicable to the Domus business model and ascertain whether these could be successfully implemented and what benefits these technologies might bring to an SME in a small country.
The Industry 4.0 Technologies relevant to the Domus operation which will be explored are as follows:
· Augmented reality (AR) 
· Additive manufacturing
· Internet of Things (IoT)
· Big data analytics
· Cyber physical systems
Introduction
Business is difficult at the best of times and not all enterprises have the same resources or scale to weather the ebb and flow of the markets they are in. While large blue-chip multinationals have the global footprint and scale to dominate their chosen markets, Small and Medium Enterprises (SME’s) often must make tough decisions on where to spend their limited resources. One such decision would be setting the right balance between servicing their “Customers of today” and preparing the foundations for their “Customers of tomorrow.”
Successful SME’s are those which get this balance right; continuing to provide the optimum Customer service to their existing Customer base, while continuing to innovate. This innovation includes the development and deployment of systems and technologies which keep them ahead of the competition. The choice for SME’s to expend resource on the foundations for Industry 4.0 is one such decision.
It is not enough that the company has an appetite to deploy Industry 4.0 methodologies and technologies: The market in which the company is active must also have established a “need,” or at least be on a transitional trajectory, for the adoption of such a technology. An analogy here might be: ...there would be no sense in deploying a fleet of electric vehicles if there is zero infrastructure in the market to support remote charging...
The market is an important factor: while SME’s account for a 96% share of the number of enterprises in Europe, they only account for just 42% of the Intra-EU value exports [Eurostat, 2022]. So this suggests that SME’s focus their efforts on their core domestic market and the technological maturity of this market is important.
This is probable why SME’s often lag the Industry 4.0 curve; Mittal [Mittal, S et al, 2018] conducted a critical review of Industry 4.0 maturity models with focus on SME’s and concluded that the adoption of Industry 4.0 for an SME can often be considered a “Drastic Change” and requires strong leadership and an innovative culture.
Domus does exactly this; a small SME nestled in the heart of Caerphilly, Wales, it focusses its commercial efforts on UK customers. It has a modest staff contingent which prides itself on customer service and uses a local manufacturing line for its products. Although part of the United Kingdom, this report seeks to determine the Economic and Humanistic factors which might allow (or not) SME’s in Wales to flourish and determine how Wales might compete globally. Would Wales be considered a “Small Country” as defined by this assignment and what, if any, barriers might a small country pose to the adoption of Industry 4.0 technologies.

Domus 
Domus: a small to medium sized enterprise...
Domus is a medium sized ventilation company based in Caerphilly, Wales. Domus primary route to market is via merchants and stockists such as Wolseley and City Electrical Factors – places where small contractors can easily collect the products they require to complete their projects. With its 37 strong staff contingent and just under £20m turnover, the UK government [Small to medium sized enterprise (SME) action plan, 2022] defines Domus as a “SME” based on the table below:
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Image 1: Table form the UK Governments “Small to medium sized enterprise (SME) action plan, 2022”
Domus business model...
Domus focusses on the Customer experience and the majority of the 37 staff are customer facing (order processors, customer service providers, estimators etc.). It also has a small manufacturing facility and warehouse, which is shared by its sister ventilation company Nuaire and this facility produces the majority of its mechanical ventilation products. Domus draws its office-based talent pool from the surrounding Caerphilly commutable areas.
Domus appetite for Innovation...
Domus is a small company with finite resource, so it is important that this resource is spent wisely. There is a flat management structure with good appetite for innovation and for a company of its size it does have good R&D capabilities. The company invested in a BIGREP Studio max 3D printer with a print volume of 1m x 0.5m x 0.5m back in 2017 and has continued to invest in rapid prototyping equipment such as 3D scanners a foam routing machines to allow for fast prototyping. This allows the engineers to quickly print and trial new concepts and ideas and speed up the design process – more on this later in the document.
Domus systems and enablers...
Domus follows a PAS99 (Publicly Available Standard 99) integrated management system (IMS) which provides rigorous processes to ensure quality and repeatability. However, while the data is present and correct, it is not in a structured and centralised format. Legacy systems have ‘handshakes’ at the system boundaries and this prevents the flow of information throughout the business, which could no doubt provide useful insights which the company could capitalise on.
Domus is taking steps to address this and investing in a Product Information Management (PIM) system. This will gather all the existing data into a central location, validate it and then publish it as a single source of truth in one single overarching system. This system will connect all parts of the business; from the digital shop front and e-commerce platforms; the ERP and dispatching systems. More on this later.
Wales
Wales: a small country...
Wales is one of 4 small countries which make up the sovereign state of the United Kingdom of Great Britain and Northern Ireland. The United Kingdom joined the European Union on 1st January 1971 and remained a member state until a narrow BREXIT referendum resulted in UK leaving the EU again on the 31st January 2020 – During that time Wales was part of the EU by proxy. The term Industry 4.0 was first coined by Germany in 2011 [Tubis, & Grzybowska, K., 2022] at time when the United Kingdom, and by extension – Wales, was still a member of the EU. Wales has had its own devolved government since 1997 where The National Assembly for Wales was created to allow the migration of legislative powers from Westminster to Cardiff.
With an area of just 20,799 km2, Wales accounts for less than 10% of the UK’s total 242,900 km2 land area. Of the 67.3m UK inhabitants, the 3.1m strong Welsh population is sparsely distributed throughout the countryside with some larger congregations in and around the biggest cities along the south coast. The Office for National Statistics (ONS) published regular reports which show that Welsh GDP in 2020 reached £75 billion, just 3% of the UK’s £2.2 trillion, delivering just £31 for every hour worked – the lowest o performing region bar Northern Ireland [Welsh economy in numbers, 2023].
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Image 2: Gross value added per head in Wales, from the Welsh governments published “economy in numbers – interactive dashboard’
On the World stage, Wales has a comparable area to Slovenia and would be the 5th smallest country in the European Union; and according to the Jan-23 International Monetary Fund (IMF) world rankings, would have a GDP comparable to Guatemala or Oman. 
By these definitions it is fair to say that Wales could be defined as a “small country” and therefore an ideal region for a case study investigating the impact and difficulties met by SME’s when trying to adopt Industry 4.0.
The Welsh SME landscape...
In 2021 Wales had just 105,815 active businesses [ONS (a), 2022] making up just over 3% of the total 2.9 million active businesses in the UK. With only 3% of the UK total businesses spread across 10% of the total UK landmass – Wales is falling behind the rest of the UK regarding economic density. A bulletin by “Statistics for Wales” [Fitzpatrick, 2022] noted that the market segment share of workplace employment in Wales is like that of the UK, but with a circa 4% swing in favour of “Production” over “Financial and Business Services”. It also concluded that of the 1.2m people employed by enterprises in Wales in 2021, 750 thousand were employed by SME’s, with just 14% in the “Production” sector.
[image: ]
Image 3: Active business enterprises by area and year (ONS (a), 2022)
Primarily a production company, Domus benefits from a higher proportion of production labour in Wales than if it were in other parts of the UK; however, this is not to say that this production labour has the prerequisite skills to successfully implement Industry 4.0 technologies - more in this later
[image: ]
Image 4: Share of workplace employment by industry, Wales, and the UK (Fitzpatrick, 2022)
Welsh proportion of R&D spend...
The Office for National statistics [ONS (b), 2022] has compiled some information on the amount of Research and Development expenditure in the UK and it has found that Wales as a nation makes up 2.4% of the national R&D spend – aligning proportionally to previous ratios mentioned.
The author has taken time to review the top FTSE100 companies to see if there are any well known R&D brands registered in Wales; of the companies identified, the vast majority were in the service sector (Admiral, Go compare, Moneysupermarket) or Agricultural & Food industries (Finsbury, Winnstay Group). Only a handful were science-based R&D brands which might have an elevated appetite for Industry 4.0 principles:
· IQE – Cardiff based Semiconductor manufacturer 
· Haydale - Graphene product fabricators in Ammanford
· Medaphor – Cardiff based medical equipment and training simulators
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Image 5: Research and development expenditure by UK country/region and year (ONS (b), 2022)
This suggests that Wales has a good appetite for R&D investment and is a progressive nation (or at least as progressive as the rest of the UK). 

Welsh IT infrastructure...
Wales lags the rest of the UK regarding its broadband infrastructure. It is the nation with the lowest take-up of superfast broadband services when available and just 19% of premises in Wales have access to full fibre with a further 19% having access to Gigabit (1 Gbit/s). This makes industry 4.0 principles such as interconnectivity, decentralisation, and real time monitoring of data exceptionally difficult. There are options for Client owned masts for larger factories or decentralised premises, but this would not be practical for many parts of Wales where the hilly landscape would prevent line of sight needed for such mast communications.
Considering Wales is such a small land mass, it is alarming that 26% of rural areas only have access to a single service provider for mobile phone calls and 5% of rural areas have no mobile phone or text coverage at all. Single source service providers make it difficult to keep operating costs under control when there are no alternative competitive tenders available.
The lack of basic telecommunication services in these rural areas would be an untenable hurdle for pioneering SME’s who may wish to adopt the principles of industry 4.0 and an undeniable barrier to entry to these areas. 
Fortunately, Domus is based in Caerphilly and the connectivity has not been an obstacle along its Industry 4.0 transition.
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Image 6: Broadband Infrastructure for the UK (OFCOM, 2022)
Digital literacy of population...
As previously mentioned, the ability for Domus to adopt Industry 4.0 technologies relies on it having access to a pool of skilled individuals with the capability and expertise to deploy these successfully. 
Caerphilly and its surrounds must therefore have an available pool of digitally literate people who are able to understand and interact with an Industry 4.0 ecosystem. This includes basic level digital literacy (i.e. administrators who administer the data) as well as Industry 4.0 system “Architects” who have the prerequisite skills and knowledge to set an Industry 4.0 Ecosystem to work (i.e. programmers, software engineers, PLC, and controls engineers etc.).
The Nuffield Foundation has been working in partnership to develop the Welsh version of the minimum digital living standard (MDLS), which works to bring everyone up to an acceptable standard of digital competence and works to avoid the risks of digital exclusion. A report [Yates et al., 2022] concluded that those individuals who are on the lower end of the digital literacy normal distribution curve have the most to lose;
Individuals without the required digital skills can become excluded from social networks and digital media and thereby become disenfranchised
· People who are not familiar with digital currencies or even digital payment systems are limited to their forms of payment
· Those who are not familiar with online self-service portals, helpdesks or even email may find that they are unable to obtain the social care and support they require from existing care systems
The report [Yates et al., 2022] also notes that there has been a rise in households having an internet connection; from just 73% in 2012/13 to 92% in 2021/22. But again, Wales falls behind the UK with 7% of adults not using the internet at all – the worst performing nation in the UK. This suggests that Welsh based SME’s drawing on the local (often rural) communities for their digitally skilled labour would find it harder than if they were based on other parts of the UK. Having said that, the UK was one of the top 5 nations for overall Human Capital dimension [Human Capital, 2020] which is a metric set out by the European union which measures a combination of basic and advances IT skills. But even with 1.6m information and communication technology (ICT) workers in the UK in 2018, the report notes that 56% of SME’s still struggled to fill crucial roles to leverage the digital economy.
Domus is no exception and has overcome this issue by recruiting young engineers directly from Welsh based universities with prerequisite skills in additive manufacturing and other Industry 4.0 knowledge. Domus has also a culture of continuous improvement and many of their employees are improving their skills through additional training via UWTSD and others.
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Image 7: digital literacy of EU population 2020 (https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=67077) 
Welsh language barrier...
Another humanistic factor is the Welsh language itself, which is only spoken in Wales and Patagonia with less than 800,000 native speakers worldwide. It is conceivable that global blue-chip companies offering digital products such as PIM (Product Information Management) or BIM (Building information modelling) systems may have overlooked translating their products for the Welsh market. And this could foreseeably disenfranchise smaller countries SME’s from successfully deploying 3rd party Industry 4.0 enabling software if the software were not available in that countries language.

Implementing Industry 4.0 Technologies in Domus, Wales
[bookmark: _Int_QKlxGw2V]As SME based in Wales, Domus does face regional challenges as well as the threat from larger multinationals which are further along the Industry 4.0 journey. The author has targeted and prioritized the following technologies as appropriate for the Domus business model and will briefly describe these, the impact of introduction and then benefits they might bring.
Augmented reality...
Augmented reality is the creation of a virtual environment offering the user the opportunity to interact with a digital asset via the use of wearables (VR gloves, goggles, or headsets) or even a simple smartphone. The opportunity for the user to become immersed in the digital asset is what sets it apart from, say, viewing that same product on a flat CAD screen.
Domus manufactures many ventilation product SKU’s and these historically have been presented to customers by sales teams in the form of a brochure or catalogue. In rare occasions, where the product is small and light, Sales teams have been able to hand deliver sample products to customers so that they can view them - this is not possible where products are large, heavy, or mechanically/electrically dangerous.
Augmented reality provides a real solution here where Domus Sales teams would effectively be able to “deliver” a sample for a product significantly larger than they could ever carry with no limits to size and scale.
As a proof of concept, the author has taken time to convert one of the ventilation groups largest products into a 3D augmented reality model; in the image below you can see an image of air handling unit being projected onto an augmented reality marker. This product would have dimensions of (w)3m x (h)3m x (l)15m and would typically be delivered by a flatbed truck and craned into position onto the roof of a large commercial building. Yet, this augmented reality model can be projected onto the authors colleague’s head or any other convenient location and can be interacted with in a similar manner as the final product might.
In this example the product seen was bespoke, so the content creator would have to recreate this model for each new unit made; however, ICT resource could be spent to automate this procedure if Customers perceive value in this offering.
There are no significant “Small Country” barriers to adopting this technology as evidenced by Domus trials above.
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Image 8: Author trailing augmented reality for a large air handling unit product
Additive manufacturing...
Traditional manufacturing processes involve the removal of material to create the finished part; cutting, milling, sawing, grinding and/or polishing of a part to create the finished item. Additive manufacture is different because you start with no product and then slowly add material where needed to create the final product (some after treatment may still be required). Although often slow, this manufacturing process often allows the creation of parts which could not physically be made by more traditional methods; hollow sections; organic sections; unmachinable shapes and surfaces etc.
The predominant product offered by Domus is ducting; effectively commodity product which is made from simple extruded PVC in a rectangular form. The extrusion rate of this ductwork would be in the order of 3-5m per minute, whereas an additive manufacturing process would take orders of magnitude longer than this. For the ductwork product, the author does not see an opportunity for additive manufacturing other than in an R&D capacity.
However, for one-off special products where there is a low batch qty requirement, the author can see the benefits of additive manufacturing; especially when compared to the high cost and long lead time of laying down an injection moulding tool. 
When searching for a 3D printer within Domus CAPEX investment range, the author noted that the print quality for the lower value printers (under £50k) was not of a high enough standard for finished product (i.e. product which an end user might interact with). It was of proper quality for prototypes of jigs/fixtures to aid in the production of higher quality components. However, following this course, the author has identified an example where printers within the budget of an SME could be used in a production environment.
There are occasions when Domus is asked by customers to create a bespoke product for them; often based on an existing chassis with a minor cosmetic finish, the control logic often varies and requires additional sensors or controls. While Domus 3D printer may not be suitable for external components, it is highly suited to manufacture small batches of custom sensor brackets which are mounted internally and do not need to be of the same high cosmetic finish as an injection molded part. 
There are no significant “Small Country” barriers to adopting this technology as evidenced by Domus existing deployment of additive manufacturing assets.
Internet of Things (IoT)
[bookmark: _Int_Gi3GEV7a][bookmark: _Int_g7atg8yB]The Internet of Things (IoT) refers to physical components connected over the internet to create a system. Also known as the “Internet of Everything,” this results in an ecosystem of inputs (sensors, HMI’s etc.) and outputs (actuators, servo’s, motors etc.) all connected in a meshed type network. Ability to digitally connect remote elements of the Industry 4.0 infrastructure with each other is crucial to the concept of decentralisation. The connections refer to information linkages between Industry 4.0 enabled components and could be both hard wired or wireless connections. Remote connections refer to both the elements within a company’s local area network (LAN) infrastructure as well as connections with Industry 4.0 components or systems outside of that company’s control (Perhaps a Company’s ERP system “connected” to a 3rd party logistics service collection network for seamless collection and delivery of product to customers).
Currently Domus products have simple PCB based control logic with HMI’s and sensors etc. in a closed network. This provides for a safe and hack proof environment, but also lacks the ability for customers to connect and integrate Domus products into the wider customer ecosystem; say, a customers smart home. 
There is clearly a demand for IoT based controls for Domus products, however, the scale of Domus as an SME is a barrier to the in-house development of such controls and acquiring the local skills (as previously discussed) has proven to be a challenge in Wales. The required skills to not only create the IoT product architecture, but also to ensure ongoing safety and maintenance of a product connected to an ever smarter (and hack prone) internet will be a challenge for Domus. 
As a SME based in Wales, connectivity and IT infrastructure are clearly instrumental to the success of IoT solutions and based on the research conducted by the author there would be issues deploying this in many parts of Wales.
Bid data analytics...
Big data refers to collection of vast amounts of data – often referred to as “data lakes.” These data sets are Vast, Varied and grow at such a Velocity (3 V’s) [Tubis, 2022] that often the data is acquired before a query has been defined. The idea is that masses amounts of data are gathered and stored but not yet fully utilised until some point in the future. These lakes are then mined for information which may later bring value to the Company: How a Customer is using a product; Customer purchasing habits and behaviour patterns; Macro correlations such as product use vs weather etc.
Domus has a good amount of data on how its internal systems are working. There is opportunity to mine this data for improvements; setting artificial intelligence algorithms on the data set to see if it can determine opportunities for optimisation. However, the author is certain that without deploying a solution for IoT connectivity (and the ability for Domus to collect data on how the product is behaving) then the opportunity for field-based product/company improvements will be limited.
The author acknowledges that this will be critical to Domus future success and has taken an action to explore 3rd party IoT solutions further to enable better field-based data capture.
Cyber physical systems...
Cyber physical systems are digital representations of components or systems in the physical world, but which are linked together via shared data from sensors and other inputs. This results in a digital asset, sometimes referred to as a digital twin, which can describe in real time how its physical twin is performing. The benefits of a cyber physical system is that modifications and simulations can be trialled on the digital asset before cost is incurred on the physical asset, and these trials can be undertake from anywhere in the world due to its connected nature.
The author concedes that this would be of significant benefit to many of Domus customers; particularly those in the facilities maintenance roles. Tribology telemetry could be monitored and used to predict maintenance issues as well as complete fault and diagnostics conducted remotely. Domus may also derive new commercial opportunities if information was available on when spares might be required or additional warranty activity to support customers with deteriorating components.
Currently Domus is on the path to delivering Building Information Models (BIM) for all of its products. This is the first step in transitioning from 2D catalogues and product information to 3D feature rich product models with parameters reflecting how the unit would operate in the physical work (full load currents, power consumption etc.). At present these models are static and do not link to real world sensors for product modelling, but clearly Domus is on the pathway to cyber physical systems.
Conclusions
This report was written in response to the following assignment statement: “investigate the impact of adopting industry 4.0 technologies by SMEs in smaller countries and what this undertaking entails”
This report has looked at the physical size, population, economy, and digital literacy of Wales and compared it to other global nations. The comparison has concluded that while Wales is part of the UK, on its own it would be classified as a “smaller country.’
The report has then gone on to introduce Domus, a small ventilation company based in Wales and concluded that Domus meets the criteria of a SME based on the UK government definition.
Using Domus as a case study, we have established that SME’s face regional barriers when trying to implement Industry 4.0 Technologies in small countries; these include poor IT infrastructure, lack of digital literacy in the workforce and potential language barriers.
There are also SME barriers which include the limited resources, financial constraints, and the overall appetite for R&D (company culture and leadership).The research concluded that Wales has a smaller proportion of SME’s and FTSE100 companies than it should for is proportion of UK, showing that SME’s are not as successful in Wales as in other parts of the UK.
The author has then identified 5 Industry 4.0 technologies that would be applicable and demonstrated the obstacles which would need to be overcome and the benefits of deployment concluding that these Technologies must be enabled for SME success in a small country.
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