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Assignment 1 – Research Proposal.


Why should SMEs adopt Industry 4.0 and Predictive Maintenance, and what effect the adoption has on its employees who transition to these Advanced Manufacturing Systems?
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[bookmark: _Toc122333734]A brief history of Industrial Process Maintenance.

[bookmark: _Toc122333735]Corrective Maintenance.
During the first industrial revolution the dominant maintenance strategy was Corrective Maintenance, a reactive policy that dictates business owners wait until process equipment fails, then replace the failed component with a new one. 
[bookmark: _Hlk121894363]Advantages.
· Reduced planning.
· Extended equipment life.
Disadvantages
· Breakdowns not predictable reducing long term process efficiency.
· Breakdowns can be longer as they can affect other parts of the process.
· Increased maintenance costs due to catastrophic nature of breakdowns.
This strategy caused a lot of unplanned downtime; these catastrophic equipment breakdowns decrease process availability and efficiency.
[bookmark: _Toc122333736]Preventative Maintenance.
During the second and third industrial revolutions Preventative Maintenance (PM) was developed using pro-active time-based strategies of expected service intervals of process equipment or process usage time to determine when PM is required to keep productive availability high. PM is carried out on each aspect of the process as determined by, in most cases, the Original Equipment Manufacturer (OEM). This resulted in increased process availability compared to Corrective Maintenance but can also result in unnecessary loss of productive process time due to the maintenance intervals being too short, or too long, resulting in increased wear and tear, leading to potential major process breakdowns.
Advantages.
· Number of breakdowns reduced.
· Breakdowns on average less catastrophic.
Disadvantages
· More labour intensive.
· Increased planning.
· Potential for over-maintenance, reducing equipment life.




[bookmark: _Toc122333737]Predictive Maintenance.
The fourth industrial revolution (I4.0) has allowed Predictive Maintenance (PdM) to become an achievable reality. I4.0 integration of sensors into the fabric of production processes digitises the physical process elements and allows real-time feedback of performance. Artificial Intelligence (AI) and Machine Learning (ML) algorithms can analyse the sensor data, build models of expected performance, then automatically adjust the process or give indication of change in the performance so that maintenance of the process elements affected can be investigated, and physical elements can be changed before they cause costly, unplanned downtime. PdM has the paradigm shifting advantage in that maintenance is only carried out when it is warranted as opposed to PM time-based maintenance prescribed by OEMs.
Advantages.
· Extended equipment life.
· Maintenance only when needed.
· Reduced costs, easier forecasting, and ordering of spare parts.
· Reduced part inventory.
· Remote monitoring of machine performance.
Disadvantages
· Cost of digitising the equipment.
· Cost of ensuring adequate digital network infrastructure. 
· Training workforce to use the digital systems.
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Fig 1 Maintenance strategies

[bookmark: _Toc122333738]Introduction.
I4.0 as a concept was first introduced at the Hanover fair in 2011. (Ascúa, 2021). Early adoption of I4.0 was mainly undertaken by large global companies due to the improvements in process efficiency, higher quality of finished goods and increased flexibility to meet the changing demands of customers in the global marketplace.
In Europe 90% of registered companies are SMEs (Masood & Sonntag, 2020). European SME definition is a workforce less than 250, a financial turn-over of less than €50,000,000 or a balance sheet of less than €43,000,000. (Masood & Sonntag, 2020).
[bookmark: _Hlk121754838]SMEs are in a difficult situation compared to large global enterprises when adopting PdM and I4.0 due to the investment in network infrastructure, acquisition of new equipment and analytical software and the upskilling of the workforce using these advanced manufacturing systems. (Jaroslav, et al., 2019).
[bookmark: _Toc122333739]Network Infrastructure.
The I4.0 infrastructure is complex, linking potentially hundreds of sensors to physical and wireless networks to capture the extremely large data sets these sensors will output. The frequency of sensor output will dictate the amount of storage required. Continuous discrete data might prove to be too much data to store, with no real advantage. Sampling of this data might be sufficient dependant on application. Final storage of this data will be cloud based to allow remote access. This large data output is collectively called Big Data (BD).
[bookmark: _Toc122333740]Security
The networks need to be secure and prevent potential security breaches by cyber-attacks from outside the company networks. Significant new methods of avoiding detection have been developed by cyber-criminals and these threats need to be continuously monitored, ensuring correct compliance with ISA 99.02.01/IEC 62443: Security for Industrial Automation and Control Systems. (Dymora & Mazurek, 2021). 
[bookmark: _Toc122333741]New Equipment and Software
I4.0 sensor development has allowed integration into every aspect of physical process equipment. Package size, connectivity and price reductions have made sensor integration more accessible to all levels of businesses. Critical performance data needs to be carefully chosen so each sensor used to digitise the process gives meaningful data and captures the changes in performance. Remote Condition Monitoring (CM) of these sensors is a key pillar in PdM, giving insight into how the various physical devices of a process are performing. Sensors including thermal (change in temperature of motors / gearboxes), pressure (hydraulic, air, barometric etc..), strain gauges (change in loading of pressing operations, force exerted on tooling and fixturing), electrical load (change in power required to perform work, automatic process refinement to reduce electrical consumption), accelerometers (change in acceleration / deceleration moments during pre-set movements), rotational feedback sensors (speed fluctuation) and liquid levels (high / low) give real-time process feedback, decreasing reaction times to problems and reducing unplanned downtime. These sensors allow critical elements of the process to become Cyber Physical Systems (CPS) and be constantly monitored using Machine Learning (ML) algorithms to indicate process change before causing unplanned downtime. (Easwaran, et al., 2022).
[bookmark: _Toc122333742]Workforce training.
The complex systems used in I4.0 and PdM require skills in the fields of manufacturing technology, and data science-related disciplines. Advancement in understanding digital culture within organisations and require substantial and continuing financial investment. Maintenance engineers need to be able to interrogate the various systems to support the correct configuration of the hardware, networks, and software. Failure Mode Effect Analysis (FMEA) for these systems will need to be compiled to aid the engineers, along with potential autonomous system teaching to aid in correcting hardware / software configuration errors. Inherently, people can be resistant to change, so the benefits of this training and new technology need to be carefully explained so fears and anxiety are reduced. (Giada & Rossella, 2021).
[bookmark: _Toc122333743]Effect on people.
The new dynamic working environment that inevitably comes with adopting I4.0 technologies will affect people working at all levels within SMEs (Longo, et al., 2017)  People will have to develop new skill sets to interact with the new comparatively complex technologies and overcome any anxieties that will inevitably arise when learning these new skills. The human upskilling element in I4.0 will be key in successful adoption of I4.0 allowing smart operators to over-see smart manufacturing operations, indeed one of the major constraints in adopting I4.0 is the lack of skills required to implement, service and control the smart systems involved (Liboni, et al., 2019).
Current employees of SMEs thinking of introducing of I4.0 will naturally worry about losing their jobs as some of their functions would be undertaken by AMRs, automatic adjustment of cycle parameters by the production processes themselves, booking of materials and finished goods into and out of production stages, scheduling of production and raw materials initiated by customer ordering the finished goods then some I4.0 systems completing the process routing automatically.
In the past 30 years employment rates in manufacturing in the UK have “fallen significantly”, from 15.7% in 1990, to 7.6% in 2018. Manufacturing percentage contribution to the UK economy has fallen from 17.3% in 1990 to 9.9% in 2018. Actual manufacturing output as risen 7% when you compare 1990 to 2018, comparatively, the service sector output has risen 106% in the same period (Rhodes, 2020).
[bookmark: _Toc122333744]Other workforce implications.
With the continuing global recession companies’ adoption of automation will increase as they look to take advantage of the benefits of leaner more flexible I4.0 practices. Lower skilled jobs will then be at risk by the increased automation of repetitive processes. For example, “in China over 60,000 workers were rendered jobless in 2016 when Foxconn decided to replace them with robots” (Liboni, et al., 2019), so the job loss threat is very real. However, as some lower skilled manual job type demand will reduce, other new types will emerge, with potentially greater reward. Job skills will have to continually develop and change as new technologies emerge and these skills will become essential to future innovative SMEs. SMEs will have to focus on continuously up-skilling their workforces to stay current on new developments in I4.0 and beyond.
[bookmark: _Hlk122328394]Adoption of I4.0 will generate redundancies estimated at 30% for the UK for supply chain workers so the human impact will initially be significant. For example, “in China over 60,000 workers were rendered jobless in 2016 when Foxconn decided to replace them with robots” (Liboni, et al., 2019), so the job loss threat is very real.
However, as some lower skilled manual job type demand will reduce, other new types will emerge, with potentially greater reward. Job skills will have to continually develop and change as new technologies emerge and these skills will become essential to future innovative SMEs. SMEs will have to focus on continuously up-skilling their workforces to stay current on new developments in I4.0 and beyond.
Jobs in I4.0 will be in preparation, implementation and use of CPS, collating AI output into reports and external confirmation of I4.0 conclusions.
[bookmark: _Toc122333745]Financial implications
Compared with large companies SMEs lack the human resources and skills along with the financial capital to implement I4.0 intensively. Additional and on-going cost of training staff in understanding I4.0, the type of installation, how to fault find any problems that might arise on these complex systems will be significant and will test ingrained practices of incumbent engineers. Inevitably, some engineers will decide to move into new fields of work when confronted with this change, while others will embrace these new challenges and thrive.
Costs of installing or changing existing network infrastructure to satisfy the required network connections must also be factored in. Potential bandwidth increase needed to collect BD is also a potential cost factor.
Costs of buying and installation of smart sensors, IIoT equipment, additional PLCs to collect and condition existing installations sensor output so it can be successfully linked to IIoT. Additional costs in keeping sufficient spare smart sensors and hardware so breakdowns are fixed efficiently.
Ongoing cost of AI software subscriptions to analyse the collected BD and tailoring to the needs of the SME.
There are certainly lots of financial risks for SMEs as opposed to Multi National Enterprises (MNEs) where large capital expenditures are easier to justify. Support from UK government in the form of “Innovate UK“ (part of the UK Research and Innovation) (Masood & Sonntag, 2020) will help support adoption of I4.0 of SMEs but increased regional support would strengthen the drive of adoption. All these financial implications must then be factored into profit / loss calculations when investing capital into adoption of I4.0 and PdM.






[bookmark: _Toc122333746]Benefits of adopting I4.0 and PdM.
[bookmark: _Toc122333747]I4.0 Adoption roadmap
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(Monostori, et al., 2016)













[bookmark: _Toc122333748]Literature Review.
[bookmark: _Toc122333749]Research questions.
1. Benefits of adopting I4.0 & PdM.
2. Problems adopting I4.0 & PdM.
3. Effects of adopting I4.0 & PdM on workforces.
The above questions were used as a simple focusing template to fulfil the fundamental research proposal criteria. This framework is used to perform a review of current journal literature.
[bookmark: _Toc122333750]Methodology
TSD Library searches using Keywords exclusively and additionally to were used to build resource framework using counts of successful word inclusion.
	Keyword(s).
	Additional Keyword(s).
	Number of Peer Reviewed articles.

	Industry 4.0 
	Problems
	1,700

	Predictive Maintenance
	Problems
	474

	Industry 4.0, Predictive Maintenance
	Problems
	43

	[bookmark: _Hlk122250326]Industry 4.0, Predictive Maintenance
	Problems, Adopting
	1

	Industry 4.0 
	Benefits
	1,048

	Predictive Maintenance
	Benefits
	167

	Industry 4.0, Predictive Maintenance
	Benefits
	30

	Industry 4.0, Predictive Maintenance
	Benefits, Adopting
	3

	
	
	



[bookmark: _Toc122333751]Identified key material
	Industry 4.0, Predictive Maintenance
	Problems, Adopting
	1 (Ghaleb, et al., 2021)




	Industry 4.0, Predictive Maintenance
	Benefits, Adopting
	3
(Ghaleb, et al., 2021)
(Jamwal, et al., 2022)
(Viana, et al., 2020)



Jamwal, et al acknowledge the many benefits of adopting I4.0 AI systems but go on to report that adoption rates are still low due to lack of employee’ knowledge and digital skills of key I4.0 components. This lack of knowledge will prove to be a major roadblock for SMEs adopting I4.0 and full PdM as training of some individuals will prove difficult due to resistance to change and the real anxiety people feel when knowing future progression will depend on learning these difficult technological skills. “Employee involvement plays a vital role in sustainability practices. sustainability awareness and training programs will help industries to execute DL-based practices efficiently”. (Jamwal, et al., 2022).
Viana, et al, reference the competitive advantage of companies adopting I4.0 PdM, and uncovering unseen relationships between different company sectors improving “process analysis and complex decision making.” (Viana, et al., 2020).
Ghaleb, et al, acknowledges the benefits of adopting I4.0 and PdM practices and focuses on the planning aspect improvements by using real time data to diagnose issues and using to Deep Learning (DL) processes of ML to correctly plan maintenance activities so more problematic issues are addressed first. They also propose that production planning and maintenance planning are be linked to maximise productivity whilst preventing process downtime.
As can be seen from the search results there are many journals that address the areas of Industry 4.0 and Predictive Maintenance but few that factor in the human element also. The Human element is an essential pillar in Predictive Maintenance as many of the issues identified by the autonomous ML systems need to be rectified by human intervention. New skills will be required by workers using I4.0 Predictive Maintenance systems and will need continuous training to keep up with technological advances. (Badri, et al., 2018).



















	Keyword(s).
	Additional Keyword(s).
	Number of Peer Reviewed articles.

	Industry 4.0
	Predictive Maintenance
	297

	Predictive Maintenance
	
	10,637

	Industry 4.0
	Condition Monitoring
	445

	Condition Monitoring
	
	178,740

	Predictive Maintenance
	Condition Monitoring
	755

	Industry 4.0, Predictive Maintenance
	Condition Monitoring
	58

	Industry 4.0, Condition Monitoring 
	Predictive Maintenance, People
	0

	[bookmark: _Hlk122257445]Industry 4.0, Condition Monitoring
	Predictive Maintenance, Skills
	1

	Industry 4.0, Condition Monitoring
	Predictive Maintenance, Anxiety
	0

	Industry 4.0
	Skills
	798

	Industry 4.0
	Predictive Maintenance, Skills
	6

	Industry 4.0
	Team, Predictive Maintenance
	4

	Industry 4.0
	Training, Predictive Maintenance
	22

	Industry 4.0
	Knowledge, Predictive Maintenance
	65

	
	
	



	Industry 4.0, Condition Monitoring
	Predictive Maintenance, Skills
	1
(García, et al., 2022)



Garcia, et al, states that “SME adoption rates of Key Enabling Technologies (KETs) of I4.0 and PdM are low due to a lack of employee sills, increasing demand for theses skills and a lack of experience in adopting new technologies, leading to slow initial stage of digitisation” (García, et al., 2022).
Garcia, et al, goes on to state that a way of mitigating adoption costs of I4.0 CPS is to retro fit I4.0 ready sensors to existing traditional I2.0 & I 3.0 equipment rather than the high costs of buying new I4.0 ready equipment. One constraint on retro fit of KETs to existing equipment is the propriety nature of its’ equipment heterogeneous architecture and communication protocols. Some retro fit installations will need additional equipment to network the sensors and gather the BD, assign individual sensor identification and sort into packets of information to be sent to the Industrial Internet of Things (IIoT) and cloud-based storage of data. (García, et al., 2022)
	Industry 4.0
	Team, Predictive Maintenance
	4
(Cakir, et al., 2021)
(Narcis, et al., 2020)
(Ayvaz & Alpay, 2021)
(Lopez, et al., 2022)
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(Ayvaz & Alpay, 2021)
Fig 3.
Fig 3 shows the key stages in the I4.0 and PdM data collection, storage and decision-making paradigm. Each stage is essential and can be considered key in correct and stable adoption. (Ayvaz & Alpay, 2021).
Assembly line depicts the field level process equipment and sensor arrays used to digitise the process into CPS.
MQTT is a network protocol with efficient small packet size that speeds up machine to machine communication, and makes reduces data loss. It was designed as part of the IoT (Internet Of Things). Like HTTP (Hypertext Transfer Protocol) it is designed to use TCP (Transmission Control Protocol) but can pass information to clients and servers unlike HTTP which can only respond to clients.
Data collection using MQTT protocol into networks ready to be sent to local and Cloud storage.
Storage and Analytics of collected data and passing data to and from the Analytic Platform and used to build and fine tune the predicted performance model generated by ML.
Intervention information generated by ML algorithms then used by the Maintenance Teams to generate action plans. Information can be passed back to the IoT Analytic Platform from the Maintenance Team to update information and ML algorithms.
The cycle in Fig 3 runs continuously until the next event is identified by the ML. The ML algorithm for each sensor set is continually optimised and faults such as sensor drift are identified for correction.
[bookmark: _Toc122333752]Evaluation.
[bookmark: _Toc122333753]Why adopt I4.0 and PdM?
The benefits of adopting I4.0 and PdM are widely acknowledged and have been recognised as essential to most SMEs so they remain profitable and competitive in the global market. “Manufacturing organisations use I40 technologies to innovate, exploit new market opportunities, or defend their competitive position against low-cost producers”. (Margherita & Braccini, 2021). Vertical and horizontal integration of I4.0 into SMEs’ structures enables accurate forecasting of customer buying trends and allows SMEs to tailor production more accurately. The increased flexibility and modularity of I4.0 production allows SMEs to quickly react to unforeseen customer needs and this gives a competitive advantage over SMEs who have not adopted I4.0 manufacturing enabled systems.
Change of maintenance strategy to PdM from Corrective and PM is a major advantage and ensures high machine uptime, reduced maintenance costs, reduced breakdowns, reduction in downtime and increased productivity.
Predicted improvements adopting PdM from Preventative Maintenance strategy
· Reduction in maintenance costs 25 – 30%
· Elimination of breakdowns 70 – 75%
· Reduction in downtime 35 – 45%
· Increase production 20 – 25%
(Selcuk, 2017).
[bookmark: _Toc122333754]Effect on people working with these advanced manufacturing systems.
Most maintenance teams presently do not possess the competencies to interact with and interrogate I4.0 systems. Retraining or hiring new engineers is a challenging and costly strategy. “Thus, organisations opt to adopt a more automated I40 application and reduce workforce role to support capital by improving production and reducing workforce development costs”. (Margherita & Braccini, 2021). High job losses in relatively unskilled roles are expected to be initially high as automated and autonomous I4.0 solutions are integrated into existing work environments. Adoption of I4.0 will generate redundancies estimated at 30% for the UK for supply chain workers so the human impact will initially be significant. For example, “in China over 60,000 workers were rendered jobless in 2016 when Foxconn decided to replace them with robots” (Liboni, et al., 2019).
This may prove to be true for the operators running the processes, part supply and logistics but the maintenance of these systems still requires skilled human intervention when component parts are identified by the I4.0 AI as wear and fatigue requires them to be changed. Correct upskilling of the maintenance teams of SMEs adopting I4.0 and PdM will become a major focus otherwise predicted benefits will not be realised in the long term.


[bookmark: _Toc122333755]Conclusions.
A lack of source material of peer-reviewed journals that addresses the ethical balances SMEs need to consider as they adopt I4.0 in the TSD library is an area that needs to be studied. One peer-reviewed journal article “Managing industry 4.0 automation for fair ethical business development: A single case study” where Margerita & Braccini discuss the need for balance of increased company profitability and the negative effect of job losses as automation and Autonomous Mobile Robots (AMRs) replace lower skilled workers in the I4.0 working environment. They recognise the benefits of adopting I4.0 but argue that companies should “to develop their business ethically manufacturing organisations should deploy I4.0 technologies fairly towards capital and labour, seeking a fair balance between extensive automation and labour. However, current literature exploring I4.0 technologies adopts a technocentric perspective focusing on performance benefits achievable by the optimized deployment of I40 technologies” (Margherita & Braccini, 2021). In their journal paper they address the need that companies “seek a fair balance between capital development and labour welfare. An organisation acts fairly towards labour welfare by promoting stable employment, job enrichment, workers satisfaction, career development, and well-being. (Margherita & Braccini, 2021).
Progressing the study of ethical practices and well-being of employees’ who work for SMEs who have / are adopting I4.0 is definitely required, and I propose to carry out further work on this area beginning at my current employers who are starting the transition into I4.0 technologies. A SCADA system (Supervisory Control and Data Acquisition) is currently being installed on the extrusion lines to monitor temperatures and speeds. Another project that is underway is to automate presently labour-intensive operations after extrusion. Part of the company justification in installing this automation is that they are struggling to attract labour to fully man the processes.
I plan to use qualitative semi-structured interviews of operators, maintenance team members and management separately to supplement the study of the proposed project. I will compare the claimed benefits of the project to established journal research to evaluate if implications of I4.0 adoption have been considered. The additional training of staff using the advanced manufacturing systems of I4.0 will also be included in further research. I will also consider if the company’s proposed project has considered the welfare of the present workforce in its decision to adopt more automated processes, given the accepted job losses I4.0 adoption brings with it.
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