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[bookmark: _Toc115378607]Introduction 
Industry 4.0 has been a subject of interest in manufacturing over the years. Extensive research has been conducted to identify the potential benefits of adopting Industry 4.0 technology. It is also evident that certain challenges could limit manufacturers from adopting Industry 4.0. Research has focused mostly on large manufacturers in developed nations hence, posing a greater challenge for SMEs in developing countries to adopt Industry 4.0 technology. Just like lager organisations, SMEs require growth, efficiency, sustainability, and every other potential benefit of Industry 4.0.
SMEs in developing countries make a huge contribution to their nations and even to lager global original equipment manufacturer (OEM) organisations. OEMs in developed countries are increasingly moving to SMEs in developing countries to source majority of their products and services for various reasons.  Therefore, it is imperative that these SMEs understand the role of Industry 4.0 in their growth and sustainability journey. Traditional manufacturers in developing nations ought to identify the obstacles to adopting Industry 4.0 and establish a strategy for successful adoption if possible. 
Large manufacturers in developed countries could benefit from legal policies, access to finance, or infrastructures that supports the implementation of Industry 4.0. However, for SMEs in developing nations, the absence of these enablers could make the adoption of Industry 4.0 difficult or impossible. Daily societal and economic restraints could pose these SMEs with more imminent concerns than the adoption of Industry 4.0. Whereas larger manufacturers in advanced nations would be in a better position to manage societal and economic limitations. This could make the decision to adopt Industry 4.0 easier for such businesses.
This essay explores extensive literature review to ascertain the challenges SMEs in developing countries could face when adopting Industry 4.0. The output of this review will be supported by attempting to deploy Industry 4.0 in a manufacturing SME in Nigeria, West Africa. The case company (Heseuk Engineering Company Limited) like most traditional manufacturers in West Africa is confronted with several business challenges which they suspect could be alleviated by technology. For this study, the business challenge nominated is the tracking of assets such as gauges and tools used by operators on the shop floor. Heseuk has experienced immense growth over the years since its formation 15 years ago. As a result, the business now has several assets in varying sizes which requires an efficient method of tracking and maintaining. 
[bookmark: _Toc115378608]Background Literature Review
The concept of Industry 4.0 includes a variety of enabling technologies such as Internet of Things, artificial intelligence, big data analytics, robotics, digital twin, 3D printing, cyber security, and cloud computing which can be considered as key contributors to digital manufacturing (Jamwal et al., 2021). Through the Fourth Industrial Revolution, manufacturing businesses could achieve digitisation which consequently promotes process innovation, production efficiency and sustainability (Ravinder, Rajesh and Yogesh, 2020). Ricci, Battaglia and Neirotti (2021) also argued that the main aim of Industry 4.0 is to encourage manufacturing automation and flexibility which enables process optimisation and eases interactions between machines and humans. 
Although industry 4.0 is considered a broad domain, it has a role of data management, competitiveness, and production/process efficiency in manufacturing environments (Jamwal et al., 2021). According to Stock and Seliger (2016), mass customisation, globalisation, and competitiveness are forcing traditional manufacturers to shift towards Industry 4.0. The technologies of Industry 4.0 are restructuring manufacturing by transforming analogue workflow into digital production processes. Hence, integrating machines, data, and people whilst creating agile and responsive supply chains (Alok et al., 2020). The concept of Industry 4.0 is a revolution in manufacturing which aims to attain maximum efficiency with minimum resource utilisation (Jamwal et al., 2021). 
The benefits of Industry 4.0 in manufacturing are enormous and so are the challenges of adoption (Cotrino, Sebastián and González-Gaya, 2020). According to Surange et al. (2022), the journey to adopting Industry 4.0 technology is full of obstacles and these obstacles are intensified for manufacturing SMEs (Ravinder, Rajesh and Yogesh, 2020). Research in Industry 4.0 is still growing however a majority of these are only within the context of large manufacturing businesses (Ravinder, Rajesh and Yogesh, 2020). Cotrino, Sebastián and González-Gaya (2020) argued that existing research are limited in addressing the implementation of Industry 4.0 in SMEs from a practical standpoint. This makes it difficult for SMEs already faced with various financial and operational constraints, to adopt Industry 4.0. 
Ravinder, Rajesh and Yogesh (2020) further argued that this situation is more severe specifically in the context to SMEs in developing countries. Elhusseiny and Crispim (2022) study discovered that developing countries face more obstacles in implementing Industry 4.0 technologies compared to developed countries. Due to availability of resources and favourable policies, larger manufacturers in developed countries are better equipped to afront the potential risks associated with deploying Industry 4.0 technology (Somohano-Rodríguez and Madrid-Guijarro, 2022). SMEs in developing nations on the other hand are often confronted by a variety of barriers that makes transitioning to Industry 4.0 almost impossible (Nwaiwu et al., 2020). Notwithstanding, it is imperative that these SMEs achieve digital transformation because of their economic contributions to their nations and to global lager OEMs (Jimeno-Morenilla et al., 2021). According to Ravinder, Rajesh and Yogesh (2020), SMEs in developing countries are the backbone of the economy both locally and globally.
Manufacturing is currently striving in developing nations due to access to raw material, cheap labour, and low manufacturing cost. This trend can be seen in developing countries of Asia, Africa, and South America. For efficiency, sustainability and supply chain optimisation, these SMEs should move towards Industry 4.0 (Gunjah et al., 2020). Singh and Kumar (2020) also argued that for these SMEs to compete for emerging global opportunities, they must meet global quality, technology, and sustainability standards. This transformation would require the adoption of Industry 4.0. 
Despite the current gap in practical knowledge of Industry 4.0 deployment in developing nations, certain academic research has been conduction to quantify potential obstacles. Luthra and Mangla (2018) in their study found finance, top management support, and government policies as key obstacles for SMEs in developing nations when it comes to Industry 4.0 implementation. Findings from Ravinder, Rajesh and Yogesh (2020) identifies the main challenges as lack of IT infrastructure, untrained workforce, fear of failure, and lack of alternative solutions in the eventuality of a breakdown. Alok et al. (2020) also stated that technological infrastructure could be a huge hindrance for SMEs in developing nations to adopt Industry 4.0. The study also identified a lack of digital strategy, lack of knowledge, and resource scarcity as hindrances to adopting Industry 4.0 in developing countries.
SMEs in developing nations are usually faced with fundamental limitations such as resource and knowledge shortage which makes adopting Industry 4.0 technologies seem complex, expensive and with little or zero ROI (Ricci, Battaglia and Neirotti, 2021). These small organisations find ICT infrastructure, human resource and operational management practices required for Industry 4.0 complex. Cimini et al. (2019) argued that SMEs lack the organisational structure required for effective Industry 4.0 adoption so should proceed with caution. The study suggests that these companies should have a clearly defined expectation and know why they are investing in Industry 4.0. It should not be a case of automation for automation’s sake but automation for sustainability and growth sake. 
Nwaiwu et al. (2020) identified the critical success factors for SMEs in developing world as strategy, organisational fit, operations, and human resource. When exposited these includes lack of funds, lack of manpower and lack of skills. Cotrino, Sebastián and González-Gaya (2020) identified the main challenges as coping with financial, technological, and staffing challenges. Surange et al. (2022) after a thorough literature review found 1) workforce incompetence / under skilled employees 2) internal employee resistance derived from apprehensions about losing their jobs or being watched more closely 3) insufficient revenues 4) existing infrastructure is unsuitable 5) reluctance and lack of backing from top executives.
Elhusseiny and Crispim (2022) found the following similar obstacles in their study: 1) information communication technology (ICT) infrastructure 2) lack of skilled employees and skilled managers 3) lack of financial resources 4) lack of R&D infrastructure 5) the fear of becoming unemployed 6) legal barriers. The study concluded that top barriers were lack of financial resources, lack of skilled employees, lack of technological knowledge, lack of ICT infrastructure, and insufficient governmental support. Dalenogare et al. (2018) argued that ICT infrastructure, level of education, culture fit, economic and political instability can interfere with the ability of SMEs in developing countries to adopt Industry 4.0. Ghobakhloo (2018) also identified financial capability, data security issues, maintaining the integrity of the production process, IT maturity and knowledge competencies as the barriers to adopting Industry 4.0 in developing countries.

Figure 1: Barriers to SME adoption in developing nations
Following literature review conducted, the recurring barriers are grouped into 7 main categories. As shown in figure 1 above, business strategy related barriers scored highest followed by lack of IT infrastructure related barriers. Legal and government policies scored the lowest ranking. Access to resource and lack of Industry 4.0 knowledge were also significant in the ranking of barriers. 

[bookmark: _Toc115378609]Case Company Review
Heseuk Engineering Company Limited is a subcontract machining and fabrication SME based in Ovia North-East, Edo Sate, Nigerian, West Africa. The company was founded in 2007 and was originally focused on metal fabrication for the Nigerian construction industry. The business has since evolved into other industries and products; however, its processes have stayed almost the same. Huge emphases are placed on operators’ skills and experience, and very little attention is given to digitisation. Majority of the business processes are still manual and paper base. Excel sheets are used for job tracking, AutoCAD for new product design, and Sage for accounting. 
Heseuk investigated implementing a material requirement planning (MRP) system 2 years ago but postponed the decision making for a future date due to time and financial constraints. The business decided to first implement a customer relation management (CRM) system and approach their digitalisation journey in a modular method. After two years of implementation effort, the CRM system is still not fully operational in the business. The company leaders are open to technology notwithstanding their perceived reservations. According to the MD and founder, “technology is welcome only if it doesn’t disrupt production and doesn’t incur significant cost”. 
Being a revenue driven business, Heseuk is currently working towards ISO certification which is causing the business to rethink its automation and technology standpoint/strategy. Senior management have discovered that managing good processes manually is counterproductive. An example of this is a new manual process recently launched by Heseuk to mitigate asset management issues on the shop floor. Assets such as tools and gauges are taken from stores by operators and not returned to their designated locations. Operators and supervisors are spending considerable amount of time each day tracking assets whenever they are required for use or when calibration is due.  
To resolve this issue a register was provided for the operators to sign-out assets so everyone would know where/who to query for the asset. The register is a notebook with columns to capture the operators name, tool taken, job reference, date/time taken, and date/time returned. This new tracking process helped a little, but it wasn’t long before operators began to forget to sign in/out on the register. The whole process fell apart as the register became unreliable. This issue persisted at Heseuk and as they got busier it became harder to cope with. Assets were missing their scheduled calibration and maintenance. In some other cases, assets were getting calibrated more frequently than required because the usage cannot be tracked.    
Failed projects as discussed above is causing Heseuk to rethink their manual processes and open to possible automation solutions. However, this was not a task they could easily perform without prior knowledge or understanding of Industry 4.0.
 
[bookmark: _Toc115378610]Industry 4.0 application in case company 
When approached, Heseuk was keen to explore how Industry 4.0 technology can help solve the present business challenge of tracking assets. A team was established to scope the project and create an execution plan which was in sync with the business needs and budget.
Project Title
Real-time asset location tracking via Industry 4.0 technology.
[bookmark: _Toc115378611]Project Scope
The business would like the ability to track measurement gauges of varying sizes from the very small (size of a pencil or similar) to the very large (size of a common house brick). At the present time all gauges are calibrated based on a scheduled calibration date regardless of usage. The ability to track the gauges and the number of uses, would allow the business to move to a much more efficient usage-based calibration schedule. 
This project will address the following requirements:
· Maintaining a master database of gauges
· Alert the user when calibration is due based on usage data
· Track the gauges across the factory floor using location tags
· [bookmark: _Toc97891064]Tracking parts using location tag
[bookmark: _Toc115378612]Project Overview
To enable real-time location tracking within Heseuk we installed Real Time Location Sensors (RTLS) which were provided by a company who specialise in this technology called Pozyx.  We installed 6 of these sensors to cover wide area of the shop floor.  The 6 sensors are managed by a single gateway. 
The Pozyx Gateway is then connected to the business network.
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Figure 2: Layout of sensors/gateway
The RTLS sensors then allow us to track Pozyx tags within 10cm accuracy. Heseuk purchased a batch of these tags.
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Figure 3: Pozyx Tag
Pozyx provide an online cloud portal that allow the tags to be tracked real-time using 3-axis co-ordinates. The portal tracks the tags by Tag ID but also allow Heseuk to label the tags to ensure it is simple to identify them.
We also uploaded a scaled map of Heseuk shop floor which would ensure that the location of the Pozyx tags could easily be identified as opposed to X,Y,X coordinates. 
To test the concept, Heseuk attached a Pozyx tag (labelled as “Transporter 1”) to a container that is used to transport Parts around the shop floor as it iterates through its operations.  Heseuk could then track the progress of the Part real-time by identifying which machine it is situated at or if it is in Inspection. 
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Figure 4: Screenshot of Cloud Portal displaying Map of Shop Floor
[bookmark: _Toc97891065]
[bookmark: _Toc115378613]Project Outcome
Heseuk was able to login and track the Pozyx tags using the cloud portal.
Heseuk proceeded to transport Parts around the shop floor using the container which had the Pozyx tag attached to it.
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Figure 5: Starting position for Transporter 1 Pozyx tag
As per Figure 5, the starting position for tracking the Part was Machine 111.  This is indicated by the Pink circle on the map.
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Figure 6: Pozyx tag moving real-time around shop floor
As per Figure 6, the Pozyx tag, indicated by the Pink circle, could be tracked moving from one Machine to another.
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Figure 7: Pozyx tag indicating that Part had now moved to Machine 115
As per Figure 7, Heseuk had moved the Transporter & Part to the next operation on Machine 115 which can be tracked real-time. 
As per Figure 8 below, Heseuk had moved the Transporter & Part to Inspection. As there is no Pozyx Sensor within the Inspection room, the last know position of the tag is recorded as being at the Inspection room entrance. This would still be sufficient to indicate that the Part is in inspection but could be improved by placing a sensor inside the Inspection room.
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Figure 8: Pozyx Tag indicating last position was Inspection
Overall, Heseuk defined the project as a success as the Pozyx tags can be tracked successfully, in real-time but they experienced latency and connectivity issues related to the business network being insufficient. There are improvements that have been identified and lessons that can be learned from the project delivered so far.
[bookmark: _Toc97891066][bookmark: _Toc115378614]Project Lessons Learned 
During the testing, we quickly identified black out areas that the sensors did not reach and therefore could not track the position of the Posyz tags.  As the 6 sensors are placed towards the right-hand side of the shop floor, we recommend that another 6 are placed at the other end of the shop floor to ensure full coverage. The initial setup cost was practicable for Heseuk but expanding the solution to cover all shop floor area would result in higher financial obligations. 
On occasions, the sensors would not always update correctly. Heseuk believes that the sensors are not situated high enough to give full coverage. For full scale deployment, the sensors should be placed higher to ensure better coverage. Although, Heseuk has a good business network, we believe investing in 5G network would massively improve the connectivity.
The Pozyx tags would occasionally go into “sleep mode” and therefore disappear off the map momentarily. This is a default setting that the sensors have.  Moving forward, Heseuk need to ensure that any new Pozyx tags are set in the correct mode.
The Pozyx technology has a full API and Heseuk need to use this to stream the real-time updates to an asset management system which can provide additional functionalities. This will ensure that all the information is being driven from one system in the future and this system can provide full asset management requirements. 

[bookmark: _Toc115378615]Contribution 
During and after the project, the 7-project leads and additional 4 shop floor operators were asked to participate in a simple paper-based questionnaire as displayed in sample below. The goal of this questionnaire is to ascertain from a case study perspective, the barriers the project team and users experienced in their deployment of Industry 4.0. 
Project Title: Real-time asset location tracking via Industry 4.0 technology 
Name: 
Position:
Completion Date: 
Please rate how much impact you think any of the below had on the Industry 4.0 asset tracking project. With 1 being very low impact and 5 being extremely high impact.
1	              2	           3	                      4	               5

· Finance




































· Business Strategy 
· Legal or Government Policies 
· IT Infrastructure 
· Understanding of Industry 4.0 
· Employee Skills 
· Time Availability 
Please list below any other barriers experienced that is not listed above and rate using the same above scale of 1 to 5 with 1 being very low impact and 5 being extremely high impact.
	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


The above simple questionnaire was used to gather feedback from Heseuk to understand how the barriers previously identified in literature review impacted their Industry 4.0 journey. The titles of these barriers were slightly modified on the questionnaire so Heseuk employees could easily understand the questions. 
All targeted employees responded to the questionnaire and the data was gathered and entered into MS Excel which was used to analysed the feedback. Below are graphical illustrations of the responses received from Heseuk’s employees.
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Figure 9: Case Company Questionnaire Feedback Analysis Chart 1
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Figure 10: Case Company Questionnaire Feedback Analysis Chart 2
Figure 9 and figure 10 above shows the results obtained from the questionnaire. Highest ranking on the list are IT infrastructure and Understanding of Industry 4.0 followed by Finance. The lowest on the list is Legal or Government Policies. The results are similar to the literature review conducted but with exception to Business Strategy. Business Strategy was identified as most frequent recurring barrier in the existing literatures reviewed. However, Heseuk didn’t think this was a huge barrier following feedback received from the questionnaire.  The second and third highest ranking barriers identified through literature review are the first and second ranking in the case for Heseuk.  
	Business Strategy
	22%

	IT Infrastructure
	18%

	Knowledge of Industry 4.0
	15%

	Resource Scarcity
	15%

	Employee Skills
	13%

	Finance
	11%

	Legal/Government
	7%


Figure 11: Literature review result by ranking priority 
	IT Infrastructure
	18%

	Understanding of Industry 4.0
	17%

	Finance
	15%

	Time /Resource
	15%

	Employee Skills
	15%

	Business Strategy
	12%

	Legal or Government Policies
	8%









Figure 12: Heseuk project result by ranking priority
Following the results attained it can be said that the seven main barriers identified does play a huge role in Industry 4.0 deployment in SMEs in developing countries. However, their severity is down to the approach of implementation. There is no doubt that Industry 4.0 should be a top priority for these organisations however majority of experts in the academia still believe that adopting Industry 4.0 is unclear and manufacturers are facing difficulties when it comes to understanding how best to approach it (Ghobakloo, 2018).
As experienced with Heseuk, the implementation of these digital enabling technologies may require new investments and it is important that this leads to short-term performance improvements and benefits. However, in the experience of most adopters, this has not been the case (Somohano-Rodríguez and Madrid-Guijarro, 2022). 
SMEs in developing nations looking to adopt Industry 4.0 must be willing to identify a need and innovatively devise startegies to meet these needs with Industry 4.0 technologies. This research supports Ghobakloo (2018) argument which states that there is no one-size-fits-all strategy that suits all businesses. This means that the journey of Industry 4.0 for each SME is idiosyncratic and should be determined based on the business motivations, capabilities, intents, priorities, budgets, and goals. With this approach SMEs in developing nations might stand a chance at succeeding in their Industry 4.0 deployment agenda.
[bookmark: _Hlk115294031]The results of the literature review rightly highlighted Business Strategy as number one barrier to Industry 4.0 adoption for SMEs in developing nations. This wasn’t the case for Heseuk because the business was already clear on a specific need and the expected benefits of deploying Industry 4.0 technology to meet that need. By clearly defining an adoption strategy, manufacturing businesses can grow their knowledge in that specific area of Industry 4.0 rather than trying to understand the entire broad subject. This would also enable the manufacturing businesses to identify upfront, the IT infrastructure and other resources required to execute their Industry 4.0 strategy. In Somohano-Rodríguez and Madrid-Guijarro (2022), 274 SMEs were studied and it was establised that Industry 4.0 failure or success could depend on what technology is implementated. For example, it was found that big data contributes to competitive advantage for most of these manufaturing SMEs, while technologies like Advanced Robots were negative for growth figures.
When Heseuk was asked if they found the project successful or not, they confirmed that the project was a success. They identified that there were several lessons learnt and opportunities for improvement however, overall, the project was perceived as successful. This success was because of the company’s approach to Industry 4.0 adoption. Attempting to solve all the business inefficiencies with Industry 4.0 from the onset without any prior experience would have been overwhelming and expensive. However, the asset tracking project has built the confidence in Heseuk to continue their Industry 4.0 journey with a mindset of continuous improvement.
Irrefutably, although several barriers such as IT Infrastructure, Knowledge, Resource Scarcity, Employee Skills, Finance, and Government/Legal Policies could hinder SMES in developing countries, if time is taken by these SMEs to strategize an efficient deployment plan, the impact of these barriers can be mitigated, and they can succeed in their Industry 4.0 deployment agenda. 
 
[bookmark: _Toc115378616]Conclusion 
Industry 4.0 continues to be a subject of importance in manufacturing, and this should not be limited to only large businesses in developed nations. Manufacturing SMEs in developing countries also have a lot to gain in adopting Industry 4.0. Efficient solutions can be attained for daunting problems by adopting automation and technology for these businesses. Hence, enabling these SMEs to fulfil their growth and sustainability goals while contributing to the local and global economy. 
It has been established that the path to Industry 4.0 for SMEs in developing nations is filled with obstacles. These obstacles are present because of poor IT infrastructure, lack of sufficient Industry 4.0 understanding, lack of finances, and lack of employee skills, poor business strategy, and lack of favourable government or legal polices. Notwithstanding, if these SMEs can persist, there are multiple societal or economic benefits to gain from adopting Industry 4.0. These benefits could include process optimisation, productivity, and business visibility for decision support. Hence, positioning these traditional manufacturers for  global opportunities, mass customisation and general competitiveness. 
Conclusively, SMEs in developing countries should not get discouraged by these barriers but should diligently identify an approach for deploying Industry 4.0 that works for their business needs, fits their budget and skillset, and most importantly benefits them both short and long term. This outcome can be seen in the case of Heseuk. A specific need was identified, and a clear expected outcome was reached before Industry 4.0 deployment. This approach allowed Heseuk to not only mitigate most of the barriers, but it also guaranteed their success.    
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