


Dissertation




A study into the relationship between Lean and Industry 4.0 and their deployment in organisations to promote and sustain improvements.







MSc Industry 4.0 Advanced Manufacturing
[image: ]Module Code: ACFA7003 
Masters Project

Christopher O’Connor
1351620@student.uwtsd.ac.uk
January 2024
[bookmark: _Toc157517633]Declaration Statement 

DECLARATION
This work has not previously been accepted in substance for any degree and is not being concurrently submitted in candidature for any degree,












[image: ]
Signed: Christopher O’Connor (Candidate)

Date: 31st January 2024

This submission is the result of my own investigations, expected where otherwise stated. Where correct services have been used the extent and nature of the correction is clearly marked in footnotes. Other sources are acknowledged giving explicit references.



[bookmark: _Toc157517634]Acknowledgements

I would like to thank Alan Mumby for his guidance and consistent support throughout the last three years of study. 
I would also like to thank Heidelberg Materials UK for the time they have allowed me to commit to my studies.
Finally, to my children Charlie and Matilda, and my wife Sophie. Thank you for the sacrifices you have had to endure whilst I have been completing my studies over the last three years. The love, support and purpose you have given me has helped me get over the line when there was many a time I did not think I was going to.


[bookmark: _Toc157517635]Abstract
The rapidly moving global economic landscape is everyday consuming the new technologies and ideas that are keeping it on its perpetual journey forward. 
Whilst this offers many new opportunities to individuals, companies, and countries alike through the creation of new industries and in demand products, there is also a real concern that this blindly led march into the new digital world will have a detrimental social and economic impact on a large proportion of the world’s population that may not be as easily reversed.
The literature already available on industry 4.0 technologies show that they will have a paradigm shifting effect on our current norms, with the potential to put many people out of jobs or into less satisfying ones, plus the very real danger of increasing the inequality balance between individuals and countries alike.
It is therefore essential that any take up of technology should be done so with a clear understanding of the problem it is trying to resolve in order to give it the best chance of sustaining. Unfortunately, as is shown in the practical case studies of this report but also through the literature review, in many cases this does not happen and the Industry 4.0 technology solutions that are often disruptive by nature, fail in their deployment by not only negatively impacting operating performance but also worker morale.
This work looks at how the combination of Lean and Industry 4.0 can be used to promote and sustain improvements within an organisation through practical examples. 
What is evident from this research is that the combined field of Lean and Industry 4.0 is very much in its infancy with little integration between experts in either field. A combined effort to dig deeper through practical examples that highlight the benefits of a Lean and Industry 4.0 approach may go some way to enhancing both spheres of study.
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[bookmark: _Toc157517639]Introduction
With Industry 4.0 (I4.0) technologies enabling businesses to exponentially improve their performance like no other industrial revolution before it, there is a monumental stampede to invest in the newest of technologies. From the very largest of organisations such as Meta and Google with their advancements in artificial intelligence (AI), to the very small to medium sized enterprises (SME’s) trying to utilise equipment such as smart sensors or radio-frequency identification (RFID) tags, all of whom are trying to maintain an advantage on their competitors or risk the very real threat of missing the boat and falling behind, quickly. 
These pressures are also exacerbated by the ever-looming climate change crisis that is challenging organisations and society to reduce their impact on the environment and improve sustainability. I4.0 technologies and their ability to interconnect with their products is offering an opportunity to drive a more circular approach to manufacturing, coupled with advanced new materials and manufacturing techniques that reduce waste generation, are seen as the best opportunity at overcoming the climate problem that we face (Youssef, 2020).  
However, it is in moving with such haste that businesses of all sizes appear to be failing to really understand the problems they are trying to address with the application of the Industry 4.0 technologies they are implementing (Dombrowski, et al., 2017). This failure also leads to a lack of understanding of the benefits they expect to return, thus leaving many needing to commit further financial or physical resource to realise the gains they expected, if at all. It is here where ad hoc adoption of these new technologies may be having a detrimental effect on the organisations ability to achieve continuous improvement. Instead, it is more common to see initial bursts of improvement followed sharply by a decline in improvement rates and the creation of waste in its physical, digital, and financial forms.
Lean is a well-known and established philosophy that’s primary focus is to remove/reduce waste within organisational systems and processes to improve flow and quality from a customer-centric perspective through continuous improvement. Lean philosophies encourage the user to ensure a well-established understanding of the problems within in its processes and aims to remove them using specific lean tools. This method ensures a robust problem solution that is unlikely to generate more waste and non-value add outputs. (Bicheno & Holweg, 2009) therefore, suggest that Lean thinking is a useful tool that can be deployed to help address the global sustainability challenges.
There is some literature to support the idea that to fully leverage the benefits that Industry 4.0 has to offer, applying Lean philosophies and principles first to such systems and processes is essential. 
[bookmark: _Toc157517640]Aims and Objectives
It is the aim of this research to contribute to the field of literature around Lean and Industry 4.0 by detailing some practical examples of industry case studies that have benefitted from a Lean first approach to problem solving. 
The objectives of the work are:
· Review current Lean and Industry 4.0 literature independently and highlight the benefits and concerns of deploying either into an organisation
· Review current combined Lean and Industry 4.0 literature
· Analyse cases for either a Lean first or I4.0 first approach
· Use real-world examples to show the impact of improvements without a Lean first approach
[bookmark: _Toc157517641]Justification
Whilst Lean has been a topic of research for many decades, Industry 4.0 and particularly the combination of both fields are so far less well known. There is therefore an opportunity for this work to add to the latter field of study through analysis of current literature supported with real world practical case studies.
The case studies show that the drive for continuous improvement through Industry 4.0 technologies is resulting in the creation of waste and is being counterproductive to the rate of improvement in some cases.
Whilst most of the literature around Lean references discrete manufacturing organisations, there is an opportunity to provide case study-based findings on a more traditional, heavy and non-discrete organisation through this work on how an improvement can be optimised through a Lean first based approach.
[bookmark: _Toc157517642]Methodology
The author of this work has decided to follow both a traditional and systematic literature review methods. This decision has been determined following a review of the criteria of the four most common review types, traditional, rapid, scoping, and systematic, laid out by (Grant & Booth, 2009).
Lean and Industry 4.0 are far more well known in their fields compared to the research conducted so far into the synthesisation of both fields. This is based on a search on individual fields of study and then them combined, which returned 140,000, 60,000 and <1000 sources, respectively. The traditional method will be deployed to the fields of both Lean and Industry 4.0 topics, as it suits the broader understanding required for this work on relatively well-established fields. Whereas a systematic review will be conducted on the Lean and Industry 4.0 combined field as there is a need to have a more in-depth knowledge of the literature as to appraise and synthesise the evidence which will include qualitative research.
Case studies will also be used and referenced to practically build on the understanding gained from the review of current literature.
[bookmark: _Toc157517643]Introduction to Heidelberg Materials UK
Heidelberg Materials UK (HM UK), which until October of this year was known as Hanson UK, is a building materials manufacturing company that operates in the United Kingdom. To date, it’s business lines cover five different sectors, which are, cement production, concrete production, asphalt production, quarrying and contracting. It is also worth noting that the business expects to create a new recycling business line within the next six months to try and improve it overall impact it has on cardon emissions and the environment through its many energy intense processes.
With 3500 employees operating out of over 300 sites UK wide, the millions of tonnes of building products it produces each year contribute immensely to the UK economy by supporting small, individual needs to key infrastructure project such as Hinkley Point C nuclear power and Plant and the new High Speed 2 railway line connecting the south of the UK to the midlands and beyond.
As is well documented, the high use energy requirements to produce building products is a genuine issue for Heidelberg and its market competitors. For example, a report by (Aramco, 2023) states that cement production alone contributes to 7% of the annual global CO2 emissions. As well as emissions, the raw materials that are currently consumed by this industry are vast. For example, HM UK extract around 30 million tonnes of virgin stone from the ground each year, with forecasts showing this demand is only likely to increase as the housing and infrastructure markets expand.
These sustainability pressures coupled with your typical market competition drivers such as price, quality, and reliability, are forcing an industry which has been operating for well over a hundred years in some cases like quarrying, to look at how it can optimise its production and processing systems to ensure they maintain pace with an ever expanding, demanding, and developing global market.
Great strides have been made with the leveraging of emerging Industry 4.0 technologies already. For example, the use of smart sensors in concrete curing is allowing consumers to monitor the curing times so they can reduce cement content that can be replaced by more water or sustainable materials such as ground, granulated blast furnace slag (GGBS). The development of hydrogen as a sustainable and practical fuel replacement to traditional fossil fuels is also another enormous potential for the industry to leverage, as the burning of natural gas for cement kilns, or the use of diesel to operate the thousands of heavy yellow plant machinery, accounts for most of the emissions it produces. 
Whilst there have been may good examples of Industry 4.0 implementation that has benefited HM UK, unfortunately there have also been instances where the use of technology has not only slowed the rate of improvement, but in some cases reversed it. It is believed this is due to the lack of understanding that the company has had on the problem it has tried to solve by implementing such technologies, due to the lack of standardization and relevant data it must have to clearly define the problem. This is where the case for a Lean approach to operations and problem solving derives from and which has been the driver behind the authors work. 
[bookmark: _Toc157517644]Research Ethics
The avoidance of plagiarism in this work will be achieved by ensuring all works that are not of the authors own doing will be clearly referenced using the well-established Harvard referencing system. This system has been chosen as it provides clear indication to the reader for when they are reading content that is not attributed to the author of this work. Other types of referencing are available, such as the Modern Languages Association (MLA), the American Psychological Association (APA) and the Modern Human Research Association (MHRA) systems (RLF.Org, 2023).
Some data referenced in this work during the case study sections relates to the financial and operational performance of Heidelberg Materials and therefore must not be shared without the authors permission. 
[bookmark: _Toc157517645]Literature Review
[bookmark: _Toc157517646]Lean and its place in industry
[bookmark: _Toc157517647]What is Lean
The term “Lean” first emerged in the book “The Machine that Changed the World” (Womack, et al., 1990). The book itself is based around a production system that at the time was very much associated with manufacturing in the automotive industry, and more specifically with Japanese car manufacturers. Known to the Western world as Lean, the principles were derived from a philosophy that was first applied by Sakichi Toyoda, the founding father of Toyota, during the manufacture of weaving looms. The philosophy was based on the idea of building in quality to a product with the aim of reducing or removing any waste, or Muda in Japanese, that was deemed to not add value to the product.
As Toyota then moved into the car manufacturing industry under the stewardship of Sakichi’s son, Kichiiro Toyoda, the application of this philosophy into all aspects of business such, as production, logistic and design, for example, was driven by a then manufacturing engineer called Taiich Ohno. After spending time in America and Europe, Ohno identified a huge inefficiency gap between Toyotas own processes and that of their American/European counter parts. To close this gap, Ohno set about developing a system that could reduce waste and improve efficiency, and so was born the now world-renowned concept called the Toyota Production System (TPS). (Ohno, 1988)
According to (Toyota, 2023), TPS was initially based on two concepts: “Jidoka” and “Just-In-Time” (JIT). Jidoka as a loose translation means “automation with a human touch”, and in practical terms it refers to the ability of a system to self-regulate such that when a problem (or defect) occurs it can identify it, stop, and prevent further defects from occurring. JIT refers to the idea of producing what is required only when it is needed by the next process step, or in end case the customer. The logic surrounding this idea is that in doing this, system and process waste is dramatically reduced. 
TPS (and now Lean) over its evolution has identified and categorised 8 types of waste that it tries to reduce or ideally eliminate that do not add value to the product. A well-known acronym “TIM WOODS” provides a useful method to help remember these:
[image: ]
[bookmark: _Toc156747504][bookmark: _Toc157511864][bookmark: _Toc157512009][bookmark: _Toc157513176]Figure 1 - The 8 Wastes - TIM WOODS (OpEx LT, 2019)
Within the philosophy of Lean, several tools have been designed to address process waste. As with the evolution of Lean as a business philosophy, these tools have long since surpassed the boundaries of the automotive industry and have been successfully implemented across many industrial and organizational disciplines, such as finance, health, and aerospace.
The TPS house is a widely used visual representation of the constituent parts that make up TPS/Lean. The two pillars of TPS, which are JIT and Jidoka, are based on a strong foundation of stability that can only be derived from the application of standardized work and a culture of continuous improvement (CI). 
[image: ]
[bookmark: _Toc156747505][bookmark: _Toc157511865][bookmark: _Toc157512010][bookmark: _Toc157513177]Figure 2 - The Toyota Production System House (Allred, J, 2018)
[bookmark: _Toc157517648]The impact of Lean on continuous improvement
Lean is built on the principles that make up what Toyota call, The Toyota Way, which are:
· Respect for People
· Continuous Improvement
It is therefore safe to say the CI is imbedded in the very fabric of what TPS and now Lean are made from. As opposed to the large, paradigm changing improvements that sometimes unsteady a process if not done correctly, lean goes about improvement using the Plan, Do, Check, Act (PDCA) cycle of small, frequent, and sustained improvements.
[image: Lean Manufacturing | paulyandell]
[bookmark: _Toc156747506][bookmark: _Toc157511866][bookmark: _Toc157512011][bookmark: _Toc157513178]Figure 3 - PDCA cycle and its effect on CI (Yandell, 2023)
The tools/concepts that are commonly used to implement the PDCA cycle are both practical and philosophical in their form. For example, concepts such as Gemba, Genchi Genbutsu and Kaizen are all aimed at establishing a culture of respect, openness, and healthy tension that’s focus is on the drive for continuous improvement. They are very much personable concepts that promote person to person interaction, but also person to process/machine. Gemba and Genchi Genbutsu for example, respectively mean “The Actual Place” and “Real Location, Real Thing”. This places emphasis on its adopter to be present at the process or workplace and to engage with their surroundings to truly understand the current state and therefore any potential problems that may be present with the aim of looking to improve on them. Kaizen on the other hand, with its literal translation meaning “Change, Good”, is a concept that encourages its user to constantly focus on and drive for continuous improvement. Whilst it does not discourage large, paradigm shifting changes, it’s focus is on consistent and small improvements with the belief that these will lead to a more sustainable and meaningful growth. (Larsson & Wollin, 2020) in their study into Industry 4.0 and Lean’s impact on continuous improvement visualise the potential detrimental effects that one off and infrequent improvements have on growth when compared with small, sustainable improvements.
The purpose of this dissertation is to look at the relationship between Lean and Industry 4.0,	 it is these people centric and cultural concepts that may prove most difficult to understand whether that relationship is a net benefit to the adopter.
The beauty of TPS and Lean is that as well as the cultural concepts and ideas that help the adopter to implement the philosophies into its business, they also provide practical tools and ideas that can be used. Several of these with an explanation as to the purpose of them can be found below:
Andon – A system that can be visual/audible that alerts the user that there is a problem. This is a useful tool when reflecting on the TPS aim of “building in quality”, as this allows the user to intervene and resolve a problem at its point of occurrence.
Just In Time (JIT) – The idea of producing of goods exactly in time, quality, and quantity of that desired by the customer. The focus of this concept is driven by the idea of waste reduction and can apply to all business functions such as production, engineering, finance etc (University of Cambridge, 2023).
Kanban – Literally translated as “visual signal”, this concept uses visual tools to help users understand process steps to optimise workflow. It is intended to promote a “pull” based workflow which essentially means that a task must not finish until it is required by the subsequent step.
Jidoka – This Lean concept may be considered the most relevant of concepts in the discussion around Industry 4.0 and Lean integration. Although not directly, it translates as “automation” and was born out of the idea to design a machine that can automatically detect and stop working when an abnormality occurs.
It is these tools and concepts that the author intends to discuss in more detail further in this dissertation on how they impact a businesses or process performance, and how, if at all, they can be used to leverage or be leveraged by Industry 4.0 technologies.
[bookmark: _Toc157517649]The Problem with Lean?
With Lean coming to global prominence some thirty years ago, and the success of Toyota and other adopters clear to see, it begs the question as to why Lean is not embedded in every organisation at every level around the world. A study by (SCDigest, 2013) showed that between 50 and 95 percent of lean programmes failed. 
(DeLuzio, 2020) in his book “Flatlined”, discusses four reasons as to why Lean fails in organisations. Three of these are related to strategic and deployment inadequacies, the fourth however suggests that the lack of understanding of effort and discipline to continually work at and solve your problems through PDCA cycles for example is underestimated. After all, it is difficult and time consuming for leaders to spend time on the shop floor, or at the Gemba, watching their people and processes. It’s laborious to manually check every product for a defect to ensure quality is as the customer expects. It’s time consuming to manually record process cycles times to get an understanding of performance. It is in these instances where I4.0 technologies may offer a benefit to an organisation’s deployment of Lean to build in quality and increase flow.
[bookmark: _Toc157517650]Industry 4.0 and its place in industry
[bookmark: _Toc157517651]What is Industry 4.0
The term Industry 4.0 (I4.0) first emerged in Germany in 2011 during the Hannover Fair. At that point in time, it was used to refer to changes that were of direct link to automations fields integrated with information technology (Ortiz, 2020).
It builds on the previous three global industrial revolutions and the new technologies that emerged from each of them; 1) steam (1765), 2) electricity (1870) and 3) automation and digitization (1969) (iED Team, 2019).
The technologies driving the latest revolution can be categorised into four sectors of development, which are:
· Internet of Things (IoT)
· Additive Manufacturing
· Advanced Robotics
· Autonomous Vehicles
If these technologies can be implemented properly, there is evidence to suggest they can have a profound effect not just on the specific process or system to which they are being applied, but also to the wider economic, environmental, and cultural paradigms that currently exist.
The technologies themselves are empowering smaller and unknown individuals or organisations to use disruptive business models to interrupt the status quo like never before. The case of Uber is an excellent example of the positive and detrimental effects these new innovative ideas and technologies can have economically, environmentally, and morally. Founded in 2009 by Garret Camp and Travis Kalanick, with and objective to create a transport service that would inevitably lead to a reduction in car ownership and emissions used the combination of IoT and app technology delivered on a user friendly platform led to the company becoming the number one ride sharing provider globally within ten years, generating $32 billion in revenue per year (Blystone, D, 2023).
[bookmark: _Toc157517652]Industry 4.0 value drivers
According to the (WEF, 2019), three megatrends have been identified in relation to I4.0 and the technologies associated with it, they are Intelligence, Connectivity and Flexible Automation. It is the belief that these three megatrends will represent the prominent value drivers for any organization interested in leveraging I4.0 technologies (Larsson & Wollin, 2020). A further expansion on these drivers is shown below in figure 4.
[image: ]
[bookmark: _Toc156747507][bookmark: _Toc157511867][bookmark: _Toc157512012][bookmark: _Toc157513179]Figure 4 - WEF 2019 I.40 value drivers (WEF, 2019)
Connectivity
Connectivity with respect to I4.0 refers to an organizations ability to integrate its production systems both horizontally and vertically, through its complete supply chain, using real time data exchange to provide a more flexible manufacturing environment. This allows an organization to understand and adjust to consumer demands far more quickly, which is useful in a world where product customization is becoming far more varied and personal to the consumer, and where lead times are forever reducing and are predicted to do so further with 99% of retailers expecting to offer same or next-day delivery within the next three years (iThink, 2023).
Connectivity also applies to manufacturing environments as well as an organisations supply chain. Through technologies such as RFID tags and readers, for example, production operating systems are now able to observe and interact with their own environments and manipulate the process without human interaction to maintain productions flows and identify product defects. This combination of sensor technology along with online production systems is known in industry at the Industrial Internet of Things (IIoT) and promises to continue revolutionising productions systems and their ability to improve process flow and therefore efficiency. (Larsson & Wollin, 2020)
Intelligence
(McCarthy, 2007) wrote that Artificial intelligence (AI) is the “science and engineering of making intelligent machines, especially intelligent computer programs.” 
These intelligent computer programs provided with large data sets and information from other technologies such as sensor and IoT connectivity are not only allowing systems to automate decision making, but they are allowing systems to predict future state reality and therefore base real time decisions on it. As well as this, through the method of what is known as Machine Learning (ML), systems can learn from and optimise their own behavior without and human interaction. This type of technology can be applied to a wide range of applications, whether it be analysing trends in consumer behaviors and suggesting new products, as is the case for Netflix subscribers, or in manufacturing machinery that is able to predict maintenance requirements through simulation-based forecasting (Samotics, 2023).
Flexible Automation
Flexible automation (FA) builds on the widely imbedded programmable automation (PA) type that already exists in the majority of manufacturing environments. PA requires a manual interaction with a production system or equipment where a human is required to change the system/equipment purpose by altering its code. This results in a constriction on productivity through change over times that can impact on delivery and also product variance. FA on the other hand, utilizes technologies such as AI or ML systems that can alter the system or equipment purpose autonomously without the need for human interaction (Britannica, 2023). In a fully connected manufacturing system, this could be triggered by a change in consumer trends and requirements. 
Flexible automation systems allow organizations to increase resilience to quickly changing to consumer trends by minimizing production batch sizes and achieving single piece flow whilst decreasing product change over times. Single piece flow is considered the most efficient type of manufacturing as it can improve quality, reduce lead times, reduce inventory, and also allows agility in meeting customers’ requirements (OpEx, 2018)
Whilst these value drivers are more aligned to the success of I4.0 from the perspective of the business, it is also important to consider what factors must be met for employee or user acceptance of the implementation of I4.0 technologies.
Work by (Amadi-Echendu & de Wit, 2015) highlights key implementation factors that must be considered for successful employee I4.0 adoption:
· Defined work process and scope
· Receipt of adequate training associated with the technology use
· Perceive the technology features as adding value to their role/task
· Adequate management support and resource is in place
These factors will be considered and reflected upon further in this work when assessing the effectiveness of I4.0 implementation at HM UK.
[bookmark: _Toc157517653]Industry 4.0 and its impact on continuous improvement
Industry 4.0 can offer disruptive solutions to existing problems that may revolutionise the way that businesses and their current processes operate. Whilst obvious benefits such as improved productivity, reduced waste and greater agility may be achieved, (Larsson & Wollin, 2020) in their work warn of the detrimental effects that such sudden and impactful changes can have when looking at the overall and longer-term rate of improvement for a company. The image below gives a good visualization of how the rate of change or improvement for an organization when subjected to either a) small continuous improvement or b) disruptive improvements can be sustained. The visualisation shows that that overtime, the small incremental changes offer a more consistent and progressive trend, whereas the disruptive changes start to plateau following the initial improvement deployment. They go on to say that this may be down the disruptive improvements impact on standard work procedures and the need to introduce drastic new procedures and therefore training into an organization, which if done incorrectly can often lead to a decline in the rate of improvement.
[image: ]
[bookmark: _Toc157512013][bookmark: _Toc157513180]Figure 5 - Potential Impact on growth comparing small, consistent improvements with large, irregular ones (Larsson & Wollin, 2020)

Industry 4.0 and Innovation
As (Satell, 2017) suggests in his book “Mapping Innovation”, the life and success of any organization is dependent on its understanding and diversity when it comes to innovation. His “Innovation Matrix” highlights four types of innovation and the spaces in which they operate.
[image: ]
[bookmark: _Toc157513181]Figure 6 - Greg Satell's "Innovation Matrix" (Satell, 2017)
I4.0 technologies are being successfully deployed in each category of innovation defined above, for example:
· Basic research: The openness and connectivity that the world wide web and the IoT provide, for example, is allowing researchers to communicate and share ideas far more quickly and effectively than ever before.
· Breakthrough Innovation: The leveraging of new technologies such as AI/robotics etc being applied and building on Basic Research has led to an explosion of breakthrough innovations
· Disrupting Innovation: As in the case of Uber, the access to and the power of new technologies such as big data and AI has provided a catalyst for emerging organisations to disrupt current paradigms.
· Sustaining Innovation: The continued development of computing power and hardware, based on new high performing materials, for example, has allowed the innovation space to maintain and support the growth patterns that are being seen in all areas of technological deployment.
With a plethora of new technologies and their obvious benefits available, coupled with a clear framework for innovation deployment, it is somewhat difficult to understand why I4.0 implementation has not been quite as rapid as some may have liked. Research conducted in 2016 by McKinsey revealed that only 57% of Chinese, 68% of German and 71% of US companies were found to be fully prepared for Industry 4.0 implementation (Bai, et al., 2020). Some of the challenges discussed in detail below may go towards an explanation for the current rate of adoption.
[bookmark: _Toc157517654]The challenges and risks of Industry 4.0 adoption
Referring to the previous Uber example, the potential financial benefits of I4.0 technologies are clear to see. However, there is evidence to suggest that the technologies can have a far-reaching effect on society in terms of environment and sustainability, in this instance take the reduction in cars on the road. If this is the case, then an argument which can and is being made by Uber and alike providers such as Lyft say that the use of such services will have a net positive impact on global environmental challenges such as emissions and raw material acquisition as fewer cars are being made due to a drop in demand (Bondorova & Archer, 2017). A study by (Ward, et al., 2021) supports a number of other research studies that suggest in fact, transport network companies (TNC) such as Uber and Lyft are actually causing an increase in car ownerships in TNC operating areas. Uber themselves have recognized the growing case against the effectiveness of their business model in reducing car ownership and emissions by bringing about a number of initiatives to try and promote car sharing services further in order to tackle statistics such as an average car sitting idle for 90% of its life cycle (Bondorova & Archer, 2017).
Unfortunately for Uber and their business model, their impact on the environment has not been the only cause of disagreement that has made the front page of the newspapers. More significantly, at least from a media perspective, the morals questions that have been raised by the impact on the working rights of their employees have been of considerable concern. With Ubers business model recognizing its drivers as “self-employed partners”, it meant that they would not be entitled basic work rights such as sick pay, hourly minimum rates and workplace pensions, for example. A landmark case in the UK concluded that this type of employment was illegal and ruled that Uber must consider their drivers as employees and therefore entitle them to basic working rights. 
Despite the many benefits that I4.0 technologies promise to bring, there are also many concerns and examples of where I4.0 technologies, or at least their ineffective deployment, have had a negative effect both locally to the application and more generally. The areas of concern can be categorised into four areas: Humanistic, Social, Economic and Cyber Security.
The humanistic concern focuses very specifically on the impact of I4.0 on individuals. In 1943, Abraham Maslow’s work on human motivational drivers concluded that each individual must satisfy 5 types of needs in order to feel a sense of fulfillment, they are: Self-actualization, Esteem, Love and Belonging, Safety needs and Psychological needs (Gambrel & Cianci, 2003). The problem with technology is that there is a very real risk that these needs may not be met as a consequence of its deployment. Take again the case of Uber, do you think the drivers had a sense of worth, belonging and safety when they were not granted basic working rights? Or how about the call handler in the insurance office whose role has now been automated by an AI alternative, resulting in the loss of their job.
The loss of jobs leads into greater societal concerns that surround I4.0 implementation. For example, gender pay equality has been a long-standing issue that has plagued all tiers of society across the globe. Many great strides have been made to close it, however, as you can see from the image below, not much progress has been made yet to date, the UK at least:
[image: ]
[bookmark: _Toc157513182]Figure 7 - Gender Pay Gap Illustration (White, 2021)
A study by (Li, D, 2023) into the most likely jobs that will be superseded by technology worryingly suggests that the vast majority are currently occupied by women. If this is the case, then this pay gap is only likely to grow further as more technology is deployed. It is therefore essential that employers, government, and society as a whole to act sharply to train their current at-risk employees to be able to take up less at threat roles or to balance the current gender weighting.
The economic concern considers the growing inequality that is present between so called developed and developing countries. It is reasonable to suggest that this gap will only grow further when the “developed” countries are able to leverage the technologies to exacerbate their growth. They have the money and resource to do so, but where does this leave the rest? The below images represent the global inequality gap differential between 1996 and 2021:
[image: ]
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[bookmark: _Toc157513183]Figure 8 - Global Inequality Gap 1996 -2017 (Hasell, et al., 2021)
The images show greater inequality represented by the darker colours, and whilst some economies such as South America appear to be reducing, the inequality gap in some of the African countries has deteriorated. With I4.0 technologies promising to revolutionise the current energy options, i.e., moving from fossil fuels to renewable, it is reasonable to suggest the “developed” countries will have an edge in the harnessing of such. Is it then fair to expect the so-called developing countries to refrain from the cheaper, more readily available options such as oil and coal, of which the developed countries have abused to a point that we are now presented with environmental disaster? It is going to take strong collaboration, understanding and a good moral compass for the current global institutions and leaders to develop a solution that is fit and fair for all.
Industry 4.0 technologies are currently and will increasingly test the present social and economic paradigms and it is up to the current and future organizations and governments to develop a strategy and space for them to be successfully deployed whilst maintaining a moral and social fairness. 
[bookmark: _Toc157517655]Lean and Industry 4.0 Integration
[bookmark: _Toc157517656]How do they align?
Although these philosophies/ideas may be worlds apart in terms of how they achieve their goals, for example with Lean being a more practical, gradual rate of improvement whereas I4.0 takes the shape of a more technical and dynamic rate of change, when you look at the drivers behind each of them similarities start to appear. 
Take Lean for instance, with its basic goal of removing waste to improve quality and flow. When you juxtapose this with the some of the I4.0 value drivers proposed by the WEF in 2019 and how they are intended to improve processes and systems, the improvement of quality and flow are a common target. It is therefore natural to be talking about these two ideas in the same spaces, and also why the manufacturing industry and scholars alike are carrying out research looking at how to integrate both to best leverage each ideas benefits. A study by (Cifone, et al., 2021) identified 8 common mechanisms that I4.0 technologies and Lean waste are associated with.  
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[bookmark: _Toc157513184]Figure 9 - Sankey Chart showing the links between technology, mechanisms, and wastes (Cifone, et al., 2021)
This chart was generated from a study which surveyed 105 manufacturing plants across Europe and gives useful information to organisations looking to apply technology to support lean continuous improvement initiatives by highlighting the wastes that the technologies are most suitable at impacting. These mechanisms will be used going forward throughout this paper as a tool for juxtaposing the relationships between I4.0 technology adoption and lean wastes.
[bookmark: _Toc157517657]Lean first and then digitalize approach
A paper by (Powell, et al., 2021) emphasizes the dangers of adopting I4.0 technologies without first applying the principles of process optimization that lean attains to when he says, “the leap to a digital tomorrow simply risks automating the wasteful activities of today.”
What is meant by this is, if at first a process is not optimized and the 8 wastes previously mentioned in this paper have not been identified and addressed, then any application of I4.0 will simply result in a digitalized form of the already present waste. Once these wastes have been eliminated or reduced through the application of Lean ideas and tools, then the true benefit of digitalization and the application of I4.0 technology will present itself.
Example
Toyota are perhaps the best example of applying Lean to their processes and systems before technology. In a recent podcast by Lean Made Simple, a senior Toyota representative when discussing the company’s transition to digitalization was challenged on an apparent lag in technological adoption and stated that their belief was that first, you must “earn the right to automate” (Blahyj, 2023). He argued by giving a simple example such as digitally displaying production data back to an office, without first setting the right company culture of respect, honesty and continuous improvement, can lead to organization becoming lazy and not interacting with the ”real world” and working environment, rather, they just take as gospel what is displayed on a screen far away from the Gemba (actual place of work), which prohibits staff from understanding the real conditions of their process. He goes on to say that Toyota do not simply through money at a problem to try and solve it, whether that be through new technology or any other means. By applying lean principles, they first get a thorough understanding of the process wastes and problems and then take small, incremental improvement steps to try and reduce or eliminate where possible. In doing this gradual improvement method, the benefits of any ground made are internalized and standardized to ensure they are not lost before they look to progress any further.
Benefits
By implementing Lean first, it gives an organization a clear understanding of what is considered of value to the customer. In doing this, process waste can be derived and worked upon to reduce or eliminate it. 
Lean promotes the breaking down of problems into small and manageable solutions. This method allows for the solutions to be internalized by creating standards that will then allow the workforce to adhere to, thus significantly reducing the probability of the issue reoccurring. This clarity of problem will then allow an organization to select the right technology to address the problem, giving confidence that it will be resolved. 
As, in a Lean environment, improvements are typically driven from those who are affected by the problems during their normal tasks, they are organically grown from the “shop floor” and are far easier to implement and sustain as opposed to a solution that has been proposed through a more “top down” approach. 
Challenges
In the podcast previously mentioned, Toyota themselves admit that the success of Lean has been built on the culture they have instilled over many decades of development. Not having this culture present is a challenge that many Lean adopters have, after all, Lean may make life easier, but it is not easy to implement and is even more difficult to sustain. It requires much manual effort and a mature culture of respect and honesty. Without this, it can be difficult to truly understand process conditions and identify waste and opportunities to improve through the noise of day-to-day operations and the pressures of manufacturing. This therefore lays a base for the argument of the leveraging of I4.0 technologies to aid Lean implementation as they can provide a better understood and open knowledge of process conditions through autonomous data gathering and display to give clear indication of where value and waste is present so that they can be acted upon.
[bookmark: _Toc157517658]Industry 4.0 as a Lean enabler
The work of (Dombrowski, et al., 2017) consists of a detailed study of current literature around the feasibility that I4.0 technologies can be used to improve the effectiveness of an organization adopting Lean philosophies and tools. The work offers a visual representation of what they have called “Industry 4 elements”, which links the technologies of I4.0 to the process characteristics that they relate to.
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[bookmark: _Toc157513185]Figure 10 - Structure of Industry 4.0 elements (Dombrowski, et al., 2017)
From this list of characteristics, we can give examples of how they can be used to support the deployment of Lean tools, such as:
	Lean tool/method
	Typical Implementation Challenge
	I4.0 Technology
	I4.0 Process characteristic benefit

	


Andon
	· Relies on employee buy-in
· Andon may not be activated if employee attention is elsewhere
	Monitoring (Online)

	· Monitoring: Removes the need for human interaction to engage Andon
· Transparency: Problems cannot be hidden 

	

Gemba
	· Lack of resource
· Geographical location
· Walking (motion) waste
	Augmented and virtual reality systems 


	· Visualisation: Allows Gemba to be completed at any time from any location

	

JIT
	· Reliance on human discipline to maintain JIT process flows
	Intelligent objects

Machine-to-machine communication

	· Vertical/horizontal integration: Can support JIT idea by having connected process flows

	

Kanban
	· Relies on human interaction to act on Kanban activation
	IoT and Sensors

Machine-to-machine communication
	· Real-time data: System is monitored in real time and can initiate Kanban and re-order automatically




Challenges
There are three significant risks in the deployment of I4.0 technologies to support Lean and improvement within a business. 
Firstly, as previously mentioned, is the risk of the technology digitizing the waste that is present in the process or system, which can make it difficult for those who are expected to act on this information to come to the correct conclusion on how to a problem.
Secondly, as considered in a study by (Rhawi, 2021), although software-based improvements can investigate data through algorithms and suggest solutions, there is often a still a need for human interaction to fully understand, interpret and then solve existing problems. The danger of fully digital systems and processes is that it reduces the amount of human interaction and therefore ability to identify nuanced issues and act.
Finally, the work of (Rhawi, 2021) builds on that of (Agostinho Jr & Baldo, 2021) who propose that there is a significant challenge in skillset of both Lean practitioners with respect to ICT, and ICT practitioners with respect to Lean ideas and frameworks. The lack of expertise covering both disciplines combined may lead to a favorable lean towards either when implementing within a business and therefore a detrimental impact on any benefits that may be realized.
[bookmark: _Toc157517659]Case study one – Checkproof as a computerized maintenance management system (CMMS)

[bookmark: _Toc157517660]Problem definition
Work by (O'Boyle, 2022) looked at the effects of implementing a computerised maintenance management system had on the reliability performance of the then Hanson (now Heidelberg Materials) (HMUK) Aggregate business line. His work found that despite clear guidelines and a business expectation that sites within the business line were following a maintenance management programme as prescribed by a document called the Aggregates Handbook, upon visiting these sites it was apparent that 90% of those spoken with were conducting little to no maintenance management activities and were working more on a “run to failure” basis. Those that were followed a standard inspection document known as UKCP25.F1 which can be found in the appendices reference “appendix 1”.
Of the sites that were following some form of a maintenance management process, all were found to be using paper-based collection forms that upon completion would be photocopied and saved onto the Hanson integrated management system shared database. Engagement with site personnel asking about the effectiveness of this type of maintenance management method highlighted several causes of frustration, which have been summarised below:
Site manager
· Lack of visibility of completed checks
· Varying quality of inspections completed
· Lack of feedback with regards to issues found 
Site operator
· Weather effect’s ability to record with pen and paper
· Lack of standard as to what to check
· Lack of feedback from completed checks. If issue raised no visibility of if and when rectified
· Frustration of having time needed to scan document onto computer and load onto company IMS
Whilst user issues were noted as a need for an improved method of maintenance management, national reliability statistics were also looked at to understand the effectiveness of the current system to see if the justification was there for investment into a maintenance managements solution. Data collected from business 2020 availability showed an average for the year of 87.6%. This is significantly less than the targeted 95% set by the business.

[bookmark: _Toc157513186]Figure 11 - Data showing 2020 availability by month
A study of the current manual system UKCP25.F1 was conducted by the author through the time and motion study process and was assessed against the 8 wastes associated with Lean, the results were:
Transportation – On completion of the inspection form the user had to walk from the quarry bottom office to the site managers top office to get the document signed. This distance was approximately 450m and took 6 minutes to complete.
[image: ]
[bookmark: _Toc157513187]Figure 12 - Image showing walking distance from inspection area to office, Source Google Maps
Inventory – Large quantities of unused inspection books were found to be stored in the quarry office storeroom, in total there were 10 boxes of blank inspection books that had 20 books within. Each book contained 40 blank sheets which made a total of 8,000 available inspection sheets. Typically, 2 sheets maximum per day would be used by the site personnel to conduct an inspection. As well as the blank empty sheets, there were 8 boxes of completed inspections dating back to 2018. When asked, the site manager said that due to quarry legislation, completed check information must be held for up to 5 years.
Motion – During the study it was noticed that the employee conducting the inspection had to double back on the route which they were taking several times to check various equipment. As the UKCP25.F1 form is a standard format, it offered no flexibility for the user to conduct inspections in a logical flow in relation to asset position.
Waiting – The requirement of a countersignature in the UKCP25.F1 meant that upon completion the employee had to look for and wait for 18 minutes for the site manager to make themselves available to sign.
Overproduction – Not seen during study.
Overprocessing – The lack of clear guidance on the forms meant it was unclear as to what level of inspection was needed for the assets, which in turn lead to the user feeling the need to inspect in far too much detail some of the assets that they were instructed to look at.
Defects – No defects were found during the study.
Skills - Not seen during study.
[bookmark: _Toc157517661]Proposed solution
As (O'Boyle, 2022) mentioned in his work, it was the decision of HMUK to invest in a digital solution for a maintenance management system, or what is known as a Computerised Maintenance Management System (CMMS).
A typical CMMS is a software led tool that looks to support the user in four areas of maintenance management (Lopes, et al., 2016):
· Asset Management
· Work Order Management 
· Preventative Maintenance Management
· Report Management
(Lopes, et al., 2016) goes on to suggest that the implementation of a CMMS within an organisation is in line with Lean manufacturing thinking as it should aid the removal of process waste, such as work in process and overproduction.
When reflecting on the work by (Cifone, et al., 2021), we can look at what mechanisms link I4.0 technologies and Lean and how they are relevant to a CMMS system:
#1 – Visibility: A CMMS allows both front and back-end user visibility of system condition, this allows for greater problem sensitivity, or a company’s ability to find problems quickly, which as according to (Larsson & Wollin, 2020) suggest is a key characteristic of a mature Lean organisation.
#2 Precision in execution: Greater visibility and standardisation of work drives greater accuracy of work, which can reduce defects and rework.
#4 Feedback: The digitalised solution that a CMMS offers can support almost instant user feedback which can influence wastes such as overprocessing or production and defects.
#5 Engagement: The closed loop and instant feedback system that such a solution offers can have significant beneficial impact on employee engagements by providing transparent work conditions. This can support employee buy in which is essential when introducing change into any business.
There were several CMMS’s that HMUK looked at introducing into the business, such as SAP PM, Pocket Engineer and Checkproof. All of which offered functionality that supported the mechanisms proposed by (Cifone, et al., 2021). Due to the Checkproof solution already being used to support the businesses mobile plant operations, it was decided that Checkproof would be used for fixed plant maintenance also.
[bookmark: _Toc157517662]What is Checkproof? 
Checkproof is a cloud-based digital CMMS tool that leverages app technology to provide an online maintenance management system.
Founded in 2014 by Hakan Holmgren and Jonas Palgard, whilst working in the quarrying industry the pair noticed a market gap for a system that could be used to more efficiently monitor, record and manage assets as opposed to the traditional pen and paper method. Both men held roles and experience in software development and therefore set about creating the cloud-based CMMS system that became Checkproof.
Below is a visual representation of how Checkproof is deployed in HM UK:
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[bookmark: _Toc157513188]Figure 13 - Checkproof Process Map (O'Boyle, 2022)

[bookmark: _Toc157517663]What I4.0 technologies does it leverage?
The Checkproof solution leveraged a number of I4.0 technologies that when combined together, provided a robust CMMS that the business could then look to implement. Below is a list of these technologies along with the benefits they offered and what wastes they looked to address from a Lean perspective:
Cloud Computing – This technology can be summarized as the use of the internet to deliver on-demand computer resources (Epicor, 2020). Checkproof uses this technology to support the backend software system that provides users with the application functions but also for information storage relating to onsite asset and inspection information. This type of technology when deployed in the context of a CMMS can help alleviate some of the following wastes:
· Waiting: The instant sharing of information that cloud computing offers can reduce and, in some cases, eliminate the waiting time experienced in more traditional maintenance management systems when users rely on the manual sharing of information, such as handing over inspection sheets.
· Skills – Automation of this information transfer frees up the time of skilled persons to focus on more value-add process activities.
Sensor technology integration – Checkproof supports the integration of sensor technology into its cloud-based system through the IIoT. Sensors are connected to machinery and equipment, for example to measure vibration and heat, and through internet connectivity are fed back through to the cloud and are shared with the end user through live dashboards. Some wastes that this type of technology can help address are:
· Defects: Sensor technology applied to assets allows for instant notification of equipment defects that can be fed back through the system to either a) autonomously shut off the equipment b) alert the user to the problem.
· Transportation: This inline technology can reduce the need of manual resource to inspect some assets completely. 
Industrial Internet of Things – The use of the cloud computing supports the use of IIoT technology to provide the business with real time data feedback on asset and system health.
Application technology – Is allowing the digitalization of information from inspections and checks which is then transferred and stored straight into the supporting cloud system. The application can be downloaded onto any phone or tablet and transfers information to the cloud providing it has cellular or Wi-Fi connection.
· Overprocessing: By developing standard workflows in the inspections routes that the application only provides set response criteria for can help avoid over processing of tasks by employees as they have clear guidance and limits on what is required to complete the task.
· Inventory: This cloud-based app solution means that significant amounts of paper-based inspection forms that require storage can be eliminated completely as all information can be stored online.
· Motion: This online storage functions can significantly reduce the motion required to interrogate the information that is contained on completed inspection forms when compared to a manual system as all the information is digitized and searchable on the cloud.
[bookmark: _Toc157517664]How was it deployed?
Checkproof was deployed into the aggregates business line by a business support function that is headed up by the National Operations Director (NOD). The NOD has responsibility for the Aggregates, Asphalt and Concrete business lines of HM UK. However, only one of this team are dedicated to supporting aggregate operations. Therefore, it was the responsibility of one person, Tom O’Boyle, acting as the Aggregates Operations Support Manager (OSM) to roll out the Checkproof CMMS to the 63 operational units that span both England and Wales.
It was the responsibility of the AOSM to engage with each site and to develop maintenance inspection checks and regimes for all known assets. Standard check sheets were developed for each asset through the desktop-based website and assigned to relevant sites. Each site would follow an asset hierarchy for deployment, which can be seen below:
                                   
[bookmark: _Toc157513189]Figure 14 - Standard asset hierarchy list for HM UK sites (O'Boyle, 2022)

Below is an example of how a typical site would be set up and the number of assets that required a checklist:
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[bookmark: _Toc157513190]Figure 15 - Checkproof site set up, Source Checkproof

For each asset and individual checklist would need to be manually created into the Checkproof cloud-based system by the AOSM:
[image: ]
[bookmark: _Toc157513191]Figure 16 - Example of asset checklist, Source Checkproof

Each asset check would have a frequency assigned to it and it was then the responsibility of the site manager to schedule and resource the maintenance programme. Once assigned, the users could extract the due check through the APP version of the Checkproof system for it to be completed. Example of the APP interface below:
[image: ]
[bookmark: _Toc157513192]Figure 17 - Example of Checkproof APP interface for users, Source Checkproof

The APP interface provides a series of pre-set selection tabs that offer a quicker and easier method to follow for inspection.
Finally, the completed check information would be available to the site manager and to the relevant wider business stakeholders through two options:
Desktop display tool – This method allowed for detailed interrogation by the site manager to look at and manage the output from completed checks.
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[bookmark: _Toc157513193]Figure 18 - Example of Checkproof desktop display for managers, source Checkproof
Tableau Report – The business also looked to use a Business Intelligence (BI) system called tableau that would extract all the raw data from Checkproof and display it graphically in a common location:
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[bookmark: _Toc157513194]Figure 19 - Example of tableau report, Source Checkproof
The proposed management cycle for the use of Checkpoof was to be the following, although no formal procedure or standard was ever produced or shared for users to refer to:
[image: ]
[bookmark: _Toc157513195]Figure 20 - Proposed Checkproof management cycle
The tableau reporting system was to be used to help support the site management team to have a good understanding of their asset condition and to help prioritise rectification work at the “review and take action” step of the management cycle.
The AOSM would facilitate training sessions with site teams in two ways. The first would be with site management teams on how to develop, manage and schedule checks whilst also giving guidance on how to use the back-end information on both the desktop and tableau systems. The second training efforts would be directed at the APP users who would typically be site operators with the aim of instilling a robust knowledge of the APP use and functions.
Although the implementation of the I4.0 technologies that Checkproof utilised would in some way go to addressing some of the inherent process wastes that are true to lean principles, through no part of the planning or deployment phase were specific considerations made to follow lean methodologies for the roll out of this new technology and system.
[bookmark: _Toc157517665]Challenges of deployment
During the CMMS roll out, (O'Boyle, 2022) noted several factors that made the implementation difficult to execute and therefore had concerns around the sustainability of any improvements that may initially be found. They included:
· Lack of standardization of check content.
· Lack of robust management cycle in place across all sites with regards to CMMS ownership locally.
· Technical challenges in both hardware and software cases due to location of sites. As majority of sites are quarries, signal issues were found to be significant which would cause loss of functionality during check completion.
· Resource committed to roll out with only O’Boyle himself being tasked with implementing and training the CMMS across all sites, nationally.
· Buy in from senior management around the effectiveness and validity of CMMS systems.
[bookmark: _Toc157517666]Results of CMMS implementation
In 2023 a review was conducted into the effectiveness of the CMMS roll out to understand two factors: 
1. Sustained implementation based on rate of checks completed
2. Asset performance with respect to availability
The review would be completed on 10 sites that had shown good initial engagement with the CMMS process with respect to check completion, which were:
· Barton Quarry
· Earls Barton Quarry
· Pottal Pool Quarry
· Shardlow Quarry
· Ripon Quarry
· Bulls Lodge Quarry
· Batts Combe Quarry
· Brayford Quarry
· Chipping Sodbury Quarry
· Hingston Quarry

1. Check completion rate results:
The below images illustrate the check completion rate of checks at Chipping Sodbury, Earls Barton, Bulls lodge and Brayford following the initial roll out in 2021 vs the review in 2023.
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[bookmark: _Toc157513196]Figure 21 - Checkproof completion rate 2021

[image: ]
[bookmark: _Toc157513197]Figure 22 - Checkproof completion rate 2023
The data shows all the sites seen a drop off in completion rate from 2021 – 2023 with some, such as Chipping Sodbury, completely discarding the Checkproof tool altogether. This pattern was found to be consistent with the other 6 sites chosen for review.
2. Asset availability results:

[bookmark: _Toc157513198]Figure 23 - Availability results for quarries 2020-23
As is shown above, over the four-year period of the CMMS implementation there was little to no improvement in asset availability on site. In fact, the overall availability score for the business had decreased from 87.6% to 87.1%.

[bookmark: _Toc157513199]Figure 24 - Image showing business asset availability % for 2020 v 2023
From both sets of data, it is clear to see that despite an initial improvement during the roll out phase, any benefit seen failed to sustain and the improvements not only stalled, but in some cases reversed.
A questionnaire survey was completed by (O'Boyle, 2022)  during the roll out to understand user feelings around the CMMS implementation and the support. The questionnaire completed by 78 users targeted three areas - Training, Usability, Resources each scoring the following out of a possible 5 points, respectively: 3.6, 3.5 and 3.
[bookmark: _Toc157517667]Analysis of why improvement failed to sustain
To analyse why the CMMS implementation failed to sustain any improvements it made, we can reflect on the previously mentioned success factors highlighted by (Amadi-Echendu & de Wit, 2015) that are considered essential for to achieve successful I4.0 technology deployment, which are that the improvement has:
1. A defined work process and scope
2. Delivers adequate training associated with the technology use
3. Gives the perception to users that the technology features as adding value to their role/task
Reasons why criteria not met:
1. A case can be made that the process and scope for this CMMS implementation was not completed fully as it failed to address the need for a management cycle be robustly defined and rolled out across all sites and users. The lack of management cycle also meant that sufficient time and resource was not dedicated to carry out checks or feedback issues as there were no standard planning or scheduling activities supporting the CMMS roll out which would priority resource to tasks. The lack of management cycle process also meant that checks not being completed or not completed properly were not reviewed and addressed.
2. Due to the scale of the roll out and the lack of resource committed to the implementation, many users did not receive sufficient training in the use of the CMMS hardware and the desktop system and reporting that would allow site to review the effectiveness of the checks that were being completed.
3. The system and hardware issues, particularly with respect to the lack of signal meant that the task of completing a check would often result in extended periods of time due to the signal dropping in and out. This would mean that some checks would need to be repeated if any data was lost. This extra work can be seen as waste and therefore cannot be considered as adding value to the users when completing the check task. The lack of logical flow of checks and the time taken to complete them also raised a concern for users as they would often have to walk illogical routes to ensure all check items were completed. This was due to the checks built in a generic format that did not consider the layout or order of the plant assets local to the user.
[bookmark: _Toc157517668]Application of Lean principles 
During GEMBA walks conducted with users to identify and understand the issues that were causing the poor performance in relation to check completion rates, the author identified two factors that caused the biggest frustration to users:
1. Check routes were not logical and specific to site
2. Signal kept dropping out when changing between check sheets whilst on plant during checks
Several of the 8 wastes of Lean were noticed during the GEMBA walks:
· Motion: The illogical check layout meant that the user would often have to double back on themselves during a check
· Overprocessing: The non-specific check content meant that the user would often have to completed questions on the check that were not relevant to the site or asset that they were checking.
· Defect: the changeover of checks whilst out on site, which would often be impacted by signal loss, meant that defects occurred due to the loss of information during the periods of signal loss.
· Skill: The loss of signal often meant repeated checks were necessary, meaning crucial production staff needed to spend additional time completing checks.
A trial site was agreed, which would be Hingston Down quarry, that would be used to implement a newly formatted check type that would look at addressing these issues and eliminating/reducing the wastes that they created.
Improvements that were trialed included:
· Checks organized into groups (routes) rather than individual checks, meaning the removal of the need to go in and out of checks during a check period. 
· Checks created with a logical flow of asset order that was specific to site. This removed the motion waste of having to double back during check completion. These were optimised during several “mock” checks completed by the author and the site user.
· Introduction of CMMS management cycle for the review of completed checks and any deviations raised. This was done in the form of a weekly maintenance planning meeting held every Wednesday on site or via TEAMs.
The improvements were implemented in May 2023 and the performance analysed in December 2023. Availability data was discarded due to several events deemed significant “one-offs” that would not have been captured even with a robust CMMS in place. Therefore, the completion rate of checks has been analysed to understand how the changes have impacted CMMS usage adherence.
The below graph shows that the improved approach had not only managed to sustain engagement initially, but also it improved throughout the year as the check developed further through a PDCA approach with site of adjusting when necessary to improve check flows.

[image: ]
[bookmark: _Toc157513200]Figure 25 - Hingston 2023 Checkproof completion rate
 
[bookmark: _Toc157517669]Case study two – BASWARE
[bookmark: _Toc157517670]Problem definition
HM UK’s generates on average 800,000 purchase orders per year (HM UK, 2023). A purchase order (PO) is a legally binding document that is used in businesses to business transactions for the transfer of good or services between companies. 
An invoice is produced by the selling company to HM UK for the goods/service requested. (HM UK, 2023) analysis shows that typically, 30% of PO’s raised generate a query, which means, and issue has occurred when processing the invoice and therefore further work is required to close out the PO. Queries are typically given 7 working days to be rectified by the user before they are deemed to be “late”. The result of delayed processing can lead to customer complaints and delayed payment.
Due to the high volume of information and data that this procurement system requires, HM UK looked to implement a digital solution in the form of an eProcurement invoice processing system called BASWARE in 2019.
The BASWARE solution leverages I4.0 technologies to enable a touchless, automated invoicing process system via:
· AI software that: 
· Automates PO matching to incoming invoices and highlights any issues to the user
· Automates PO query routing so that the correct user or business function can take the appropriate action to rectify based on the invoice data
· Machine learning software that:
· Based on previous PO code references and invoice header data, can functionally generate accurate invoice coding proposals that can be attributed to non-PO invoices.
In relation to the work by (Cifone, et al., 2021), previously referenced in this paper, on I4.0 technologies and the mechanisms that they look to support, the BASWARE technologies used here look can be associated with:
· Improved visibility
· Improved precision in execution
· Improved speed of execution
· Improved feedback
· Greater error prevention
It is therefore fair to say that the application of the BASWARE technology would contribute to the elimination or reduction of process waste associated with the mechanisms as per the information in Figure 5, page 20 of this work.
Ideally, the standard purchase to pay process (P2P) should follow the below flow:
[image: ]
The aim of the introduction of this automated invoicing system was to:
· Reduce invoice processing times and therefore employee workload with respect to invoicing
· Reduce company debt owed to suppliers and improve payment conditions
· Reduce errors in invoicing 
· Monitor invoicing performance for employee and suppliers to empower procurement department to challenge poor behaviors 
During the roll out phase of BASWARE, drop-in training sessions were made available to employees who use the purchase to pay system, however it was not made mandatory by the business to attend.
At the end of 2022, 4 years after implementation, a review into the businesses purchase to pay system highlighted some startling performance statistics relating to queries. At the time, it was found that 42% of all invoices were considered overdue, which on a month by month rolling average meant a business debt of £18 million to suppliers.
An investigation into the problem by the procurement team concluded that the underlying problems were “not linked to the system functionality or the lack of training, instead it comes from the end users misuse of the system”. The conclusion was challenged by the business executive team due to the lack of depth of data interrogation that the formed the base of the reasoning. It also goes against a well-known statistic proposed by the late Dr W Edwards Deming who suggested that 85% of system problems were process related, not people.
Therefore, in January 2023 a team consisting of two business process engineers, one of which is the author of this work, and two members of the procurement team were tasked with investigating why the implementation of BASWARE had failed to date and to subsequently propose remedial actions.
With both process engineers having extensive knowledge in Lean Six Sigma methodologies and tools, it was decided that a Lean approach to this project would be pursued. This meant that a DMAIC process framework would be used to structure the project.
DMAIC is a data-driven framework that is used to improve processes using a five-step approach (ASQ.Org, 2023):
1) Define – Clearly define the problem
2) Measure – Measure the current process performance
3) Analyze – Analyze the results to understand contributing issues to poor performance
4) Improve – Suggest and implement process improvements based on information gathered and analyzed
5) Control – Ensure standards are in reviewed and in place to maintain and process improvements made
Using the DMAIC framework, over several months the team engaged with P2P users across the country to gather both qualitative and quantitative data on the current P2P process.
The “Lean Six Sigma Pocket Toolbox” by (George, et al., 2005) proved a useful reference document to reflect on during the project life span. The book offers practical guidance on many Lean Six Sigma tools and ideas, in this case it was used to support the use of the DMAIC framework. The book offers specific guidance on what each of the stages should include. Below the author outlines each guidance point given in the book and how the project team met the required guidance with specific project information.
[bookmark: _Toc157517671]Define – Key steps:
· Create project charter:
[image: ]
[bookmark: _Toc157513201]Figure 26 - Image of Project Charter
· Agree problem statement – “Excessive number of outstanding invoices sat in Businesses queues nationally. As of March 2023, 2800 invoices in BASWARE in query, totalling £18 million in value.”
· Business need and justification – “Suppliers regularly complain about late payment and put us on stop. 42% of all invoices were overdue on 3rd March 2023. The high number of Basware queries consumes both procurement and operations teams time that could be utilised for value-add activities.”
· Risks and Issues – “Time and resource capacity to facilitate project”
· Project Ownership:
· Champion – Joe Bagnall – Regional director
· Owner – Rod Lafargue – Procurement Director
· Project Manager – Chris O’Connor (Author) – Process Improvement Engineer
· Financial benefits:
· Estimated £500,000 annual saving based on previous three years analysis on late supplier payment penalties.
· Not accounting for any benefits from process improvement that reduces internal resource requirements
· Project Team:
· Jakub Vesely – P2P Owner
· Stephanie Sanchez – Change Co-Ordinator
· Daniel James – Process Improvement Engineer

· Create communication plan:
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[bookmark: _Toc157513202]Figure 27 - Image of project communication plan
[bookmark: _Toc157517672]Measure: Key steps:
· Create data collection plan:
[image: ]
[bookmark: _Toc157513203]Figure 28 - Image of data collection plan and action tracker

The project would gather qualitative and quantitative data from a selection of 9 system users to get an understanding of the ease of system use from their perspective. An analysis of the current system users was completed with the results found below.
The analysis results are shown below with the statistics of the users highlighted for clarity:
[image: ]
[bookmark: _Toc157513204]Figure 29 - Image showing analysis on P2P user performance
There was a concern within the group that sampling bias may be an issue when selecting the candidates for the project. (Alchemer, 2018) suggests that to avoid sampling bias you can consider two options, Random Sampling or Stratified Random sampling. The group were worried that if random sampling was undertaken then there was chance that a good spread and understanding of the user issues may not be identified, if per say, all the sampled candidates were from a particular site, position, or employment duration. Therefore, the team decided to set some selection criteria.
Two users considered “excellent performer” with 0% of GRN in query were chosen at random. “Moderate performer” candidates were selected from a range of between 1-10% GRN in query score, with the three “poor performer” candidates with greater than 10% GRN in query also being selected. Other considerations made:
· Time with the company.
· Position with the company: Spread of quarry managers, supervisors, and weighbridge clerks.
· Region of work: spread between South Wales and Central England.

Quantitative data would be collected following a standard format and set of criteria by interrogating some of the business systems such as SAP and BASWARE. The information gathered would be looking at individual orders in query to try and understand the cause for the query generation. The following information was gathered:
· Username
· Invoice number
· PO number
· PO creation date
· Delivery date
· GRN creation date
· Invoice issue date
· BASWARE scan date
· Time to action query
· Site
· Supplier
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[bookmark: _Toc157513205]Figure 30 - Part 1 of data collection standard form
The “reason for query” that was donated in the BASWARE system was recorded using a standard drop down list selection along with the users understanding of the query generation to see if there were any discrepancies from the system information to site. The users were also asked to describe how they actioned the query and whether the action the took closed it out or not.
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[bookmark: _Toc157513206]Figure 31 - Part 2 of data collection standard form
For the qualitative research, a set of standard questions were compiled that would be asked of each candidate during the measure phase data collection:
1) What training have you had on BASWARE/SAP/ARIBA?
2) Number of PO raisers on your site?
3) Do you understand and use framework orders?
4) Do you prioritise raising a PO as goods instead of a service where possible?
5) Do you raise yearly/estimated PO’s?
6) Who GRN’s PO’s on site?
7) How do you receive notification of goods/service completion?
8) When do you GRN PO’s?
9) How many queries do you receive a week?
10) How frequently do you deal with queries?
11) Do you attend monthly query meetings?
12) Do you have any specific problems relating to BASWARE/queries?
The question set was derived by the process subject matter expert, in this case the P2P owner and project team member Jakub Vesely with the aim of understanding the following:
· User system understanding and competence
· User system management cycle

· Create a process map:
Firstly, the team looked to create a basic, high level process map for a) Raising PO’s, b) Receipting POs and c) processing BASWARE queries. Orange task step indicate necessary but “non-value add” actions, Red indicates “pure waste” actions and Green indicates “value add” actions. By identifying the waste from the value add, it allows you to optimise the process by increasing the value add where possible and eliminating/reducing the waste (George, et al., 2005).
The meaning of the terms value-add, and waste is summarised as below by (Phil, 2015) and it is to this criteria that the project team determined which tasks would be classified in each category when considering the “customer” would be the system user.
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[bookmark: _Toc157513207]Figure 32 - Value to the customer, explained (Phil, 2015)
a)
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[bookmark: _Toc157513208]Figure 33 - Process map of "Raising PO"
Initial high level process map indicated that tasks involved in raising a PO via the Service order method accounted for – 40% pure waste, 35% necessary but non-value add, 25% value add.
For tasks involved in raising a PO via the Goods method – 42% pure waste, 32% necessary but non-value add, 26% value add.
To summarise, raising via the Goods method reduces total task steps and increases value add activities.




b)
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[bookmark: _Toc157513209]Figure 34 - Process map of "Receipting PO"
Process mapping found that receipting via the Service Method meant – 69% percent of tasks accounted for “pure waste”, 6% of necessary but non-value and 25% value add.
Raising via the Goods method resulted in – 38% of tasks identified as “pure waste”, 13% as necessary but non-value add and 50% identified as value add.
c)
[image: ]FLOW



[bookmark: _Toc157513210]Figure 35 - Process map of "BASWARE Query"
When considering how to identify the value from waste activities during the process mapping stage, the group discussed the idea that as the BASWARE system is essentially a tool that is used to process incorrect PO’s that are the result of mistakes made during either the raising or receipting of POs at the purchasing stage that in fact, the whole process of BASWARE usage should be considered waste. 
Once each of the processes were mapped, over a period of several weeks a number of the candidates were visited and subjected to “time in motion” studies on their use of the ordering and query resolution processes.
The purpose of this was to collect cycle time data which would then be used to create a value stream map (VSM) of the overall P2P process so further analysis could be carried out.
Below are images of the time in motion study results that were completed using several different suppliers to ensure a good spread of data was achieved. The meaning of the data will be discussed in more detail when the during the VSM stage of the process.
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[bookmark: _Toc157513211]Figure 36 - Time in motion study completed on Service PO Raising
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[bookmark: _Toc157513212]Figure 37 - Time in motion study completed on Good PO raising
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[bookmark: _Toc157513213]Figure 38 - Time in motion study completed on BASWARE Query processing

The data was then transferred into a value stream map for analysis.
· Create a Value Stream Map (VSM):
A value stream map (VSM) is a Lean tool that is applied during a process improvement initiative to clearly define and map the “value-add” components of the process to remove waste and optimise the process (Kumar, et al., 2018). They are a visual tool that helps the user clearly see the “current state” of the process and any problems that may be present.
In a VSM, “cycle” times are measured for each task step including any incidents where an action is held in “inventory”. The VSM typically shows the interaction between all stakeholders, in this instance it includes the:
· Supplier
· Accounts department
· System User
[image: ]
[bookmark: _Toc157513214]Figure 39 - VSM on the P2P process
The VSM study helped support a previous notion proposed by the project group in that all tasks that are present in the BASWARE system are in fact “pure waste” as they are only dealing with an error, or “defect” that has been produced in the ordering part of the process. Value add time was discovered to be 20%, which according to (Duralabel, 2023) is just below the 25% figure that is recognised to reflect a truly “lean” process. Non-value add but necessary waste of was found to be 57% of the total cycle time, with “awaiting PO approval” accounting for the vast majority of it.
· Collect baseline data:
Quantitative data – during the visits, the “quantitative” standard data collection form was used to collect all the information on the individual queries that were outstanding in the user’s inbox workflow. In total information on 159 queries was collected. An example of this can be found below:
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[bookmark: _Toc157513215]Figure 40 - Example of completed "part 1" data quantitative data collection form
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[bookmark: _Toc157513216]Figure 41 - Example of completed "part 2" quantitative data collection form
Qualitative data collection – whilst on site each of the users were also taken through the standard questionnaire sheet, with an example of the results shown below:
[image: ]
[bookmark: _Toc157513217]Figure 42 - Image of completed questionnaire sheet
The project team then combined both qualitative and quantitative data set together and assigned a Primary and Secondary cause of query for each from a standard list of reasons which would then be taken through for analysis. The standard list of query cause reasons was:
· Not GRN’d in time by site
· PO created retrospectively
· Correct PO but supplier used incorrect PO
· Invoice submitted too early
· Duplicate
· PO not sent to suppliers
· BASWAR grace period
· Query incorrectly sent by accounts payable
· Admin error
· In dispute with supplier
· Price difference
· Framework order
[bookmark: _Toc157517673]Analyse: 
The analysis phase of the DMAIC framework gives guidance on how effectively review the data sets that have been collected up to this point. Essentially the aim is to breakdown the raw data into more meaningful formats which can then be considered for root cause analysis. 
· Quantitative results:
[image: ]
[bookmark: _Toc157513218]Figure 43 - Table showing results of quantitative data analysis
The results showed of note, that 36% of the queries were due to the order not being good receipted in time, 13% due to PO’s being created retrospectively, 16% were down to suppliers not providing a correct PO, 8% due to suppliers submitting an invoice too early and 9% due to an invoice price difference. 
The Pareto method was then applied to the data set to help the project team prioritise which issues they would take forward to the root cause analysis stage. In this method, a simple bar chart is used but is ordered by frequency counts from the most to least common cause and follows the 80/20 rule, which states that 80% of problems are the result of 20% of causes (JMP, 2024).
This method is a common tool used in Lean problem analysis to ensure the most impactful issues are worked on first. 
The Pareto results are shown below:
[bookmark: _Toc157513219]Figure 44 - Pareto analysis results
The results showed that “Not GRN’d in time by site” at 36% and “Supplier not providing correct PO” at 16%c contributed to 52% of the overall problem cause and would therefore be carried through for RCA. 
· Qualitative results:

[bookmark: _Toc157513220]Figure 45 - Qualitative results (a)

[bookmark: _Toc157513221]Figure 46 - Qualitative results (b)
An analysis of the quantitative data set revealed and overwhelming lack of standardisation, competency, and presence of a process management cycle on all of the candidates’ sites, including those who were performing well. Key points:
· No users had received any form of training (a)
· The most efficient steps of system use were either not known about or not followed (a)
· There was a clear lack of management cycle in place to (b):
· Goods receipt a service/good
· Clear out any queries in BASWARE
This qualitative information would also be considered during the root cause analysis step of the DMAIC project.
· Root Cause Analysis (RCA):
An initial Fishbone diagram was produced for each of the priority causes found:
· Not GRN’d in time by site
· Supplier not providing correct PO
The purpose of a Fishbone diagram is to brainstorm and “potential” direct causes that may contribute to the problem arising (CMS, 2024), which are then reviewed and either discounted based on facts or data or taken through for 5 Why analysis as a “direct cause”.
Not GRN’d in time by site:
[image: ]
[bookmark: _Toc157513222]Figure 47 - Fishbone diagram of "Not GRN'd in time by site"
Using both quantitative and qualitative results, coupled with engagement with the system users during a problem-solving session, the project team were able to discount all expect two “potential direct causes”, which were then identified as direct causes for 5 Why analysis:
· User does not have access to GRN
· Decision made to delay GRN
The 5 Why method is a Lean tool that is used to try and break through the obvious symptoms of a problem occurring to try and uncover the “root cause”, so that improvements can be made to prevent it from recurring (Lean.Org, 2024).
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[bookmark: _Toc157513223]Figure 48 - 5 Why exercise (a)
[image: ]
[bookmark: _Toc157513224]Figure 49 - 5 Why exercise (b)
The result of the 5 Why’s concluded that:
· No Standard P2P Training for users in place (training)
· Lack of control around P2P user authorisation (management cycle)
· Guidance in place (A&A PU1.04 - Good and Services) in place but not communicated to users around GRN conformity (training)
Supplier not providing correct PO:
Another Fishbone exercise was conducted but this time with the supplier problem statement at the “head” of the fishbone. Applying the same logic and use of data sets collected, during the problem-solving session two “direct causes” were agreed upon to take forward for 5 Why analysis:
· Lack of supplier P2P process knowledge
· Incorrect email on master data system
Again the 5 Why methodology was used and returned the following results.
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[bookmark: _Toc157513225]Figure 50 - 5 Why exercise (c)
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[bookmark: _Toc157513226]Figure 51 - 5 Why exercise (d)

The results of the 5 Why’s concluded that:
· No current ownership of "P2P Guidance for Supplier" process
· Unclear ownership of supplier email/information management
Having reached the root cause for each of the high impact causes identified during the analysis phase, improvement ideas where generated and out forward to the business for implementation.
[bookmark: _Toc157517674]Improve: 
· Develop potential solutions:
The analysis showed that there were two distinct categories that the root causes were relevant to, User support and Supplier support. Therefore, the project team proposed to improvement ideas:
· User training and support strategy
· Supplier management strategy
Each improvement strategy would look to cover both the training and management cycle issues that were found to be present.
User Training and Support Strategy Improvements
1) Create E-learning for P2P training as a requirement to obtain access to the P2P system. Target completion quarter two – 2024,
a. Improves knowledge
b. Prevents incompetent users from accessing system
c. Improved knowledge of the ordering stage could eliminate the need for BASWARE processing altogether.
2) Set-up monthly training “drop-in” sessions, make mandatory for new managers and users. Target completion August 2023,
a. Maintains knowledge
b. Allows new system tools/features to be rolled out immediately
3) Create standard management cycle for P2P system use. Target completion August 2023,
a. Gives clear guidance on roles and responsibilities
b. Monitors performance of system users
4) Establish regional support structure through the creation of super users. Target completion December 2023.
a. Provides local system support to users.
b. Provides owner of management cycle regionally
Supplier Management Strategy
1) Provide P2P standard operating procedure guidance to suppliers. Target August 2023
a. Provides clear guidance on supplier responsibilities.
b. Improves supplier knowledge and understanding of system.
c. Improved knowledge of the invoicing stage could eliminate the need for BASWARE processing altogether.
2) Create supplier KPI’s and introduce monitoring cycle. Target quarter 2 2024.
a. Provides visibility of supplier performance to procurement team that allows identification and necessary support for poor performers.
It was agreed that the improvements would be owned by the procurement team with the process engineers supporting with any creation of standard documents for training and management cycles.
A review was completed in December 2023 to understand the benefit, if any, of the improvements introduced in the August 2023 roll out. As per below, you can see a sharp drop off in overdue invoices pertaining to the HM UK business users.
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[bookmark: _Toc157513227]Figure 52 - Graph showing the decrease in business overdue invoices following August 2023 improvements (HM UK, 2023)
[bookmark: _Toc157517675]Control: 
· Standardisation:
The aim of the control phase is to ensure that any improvements seen from the solutions provided are built into the current operating standards as SOP’s so that they can be sustained. At the point of writing this work, not all improvements have been rolled out into the business, so the author is unable to review the impact of each of them. However, the improvements made in the August 2023 that appear to have made some impacts have been imbedded in the form of SOP’s that have been shared with the business users, suppliers, and added to any training documents that relate to the use of the P2P process.
[bookmark: _Toc157517676]Findings
In relation to the topic of this work, the author found this project to be a useful example of how the implementation of an Industry 4.0 type technology, in this case BASWARE, without clearly understanding the problem that it is trying to solve, did not achieve key project implementation success factors that work by (Amadi-Echendu & de Wit, 2015) highlights that must be considered for successful employee I4.0 adoption, which are:
· Defined work process and scope
· No clear standard operating procedure was developed for the use of BASWARE
· Receipt of adequate training associated with the technology use
· No formal training given to users at roll out
· Perceive the technology features as adding value to their role/task
· As BASWARE was identified as dealing with waste as a result of a failure of the P2P system at the ordering/invoice stage it cannot satisfy “adding value” to the users role/task
· Adequate management support and resource is in place
· No management cycle or sufficient support put in place during roll out
The failure of the BASWARE system to sufficiently support the users and reduce overdue invoicing was put down to human error, following a brief investigation by the procurement team at the end of 2022. However, the application of Lean philosophies through the DMAIC framework to provide a clear understanding of the problem statement allowed the authors project team to dig down into the real root causes, all of which related to the failure of process and training causes, which allowed for improvement suggestions that at first review seem to be having a significant positive impact in the reduction of business queries.
More importantly, the DMAIC project identified that in fact, the BASWARE system itself should be considered pure waste as its only purpose is to remedy purchasing defects at the order and invoicing stage, and therefore if suitable P2P competence can be sustained at both stages, then the issue of queries can be eliminated completely.
[bookmark: _Toc157517677]Closing
[bookmark: _Toc157517678]Conclusion and recommendations
This work aimed to broaden the knowledge field of Industry 4.0 and Lean in a world where industry 4.0 technologies are being implemented at ever greater speed and cost, however, with much a varying degree of effectiveness.
The cost of an ineffective I4.0 solution unfortunately may not be counted in pennies or pounds. As discussed in this work, the potential disruptive force that I4.0 could have has the ability to reach the very fabric of society as we know it, effecting not just on an individual scale but a global one also. With this high risk/reward game of Russian roulette that is being played around the world daily, it is reasonable to then suggest that we should be doing as much as we can to ensure that that I4.0 technology we are intending to deploy is the right one for the problem it intends to solve. It is therefore the authors believe that a combination of Lean and Industry 4.0 can be used to ensure the most value is gained, and sustained, from any I4.0 improvements.
Even though individually, as referenced in the literature review of this work, each sphere of knowledge has a relatively well-established literature base, when combined the understanding of Industry 4.0 and Lean working together to promote and sustain improvements is far lesser known. From this it is reasonable to conclude that generally they are not being considered as a combination worth leveraging in business. 
Throughout this work, several key reasons for effective improvement implementation and sustainability have been drawn from the literature:
· The problem it is implemented to resolve has been clearly defined.
· The process or system it has been applied to has been optimized and all inherent waste has been removed before it is digitalized.
· Users who are expected to use or manage the inputs/outputs of the technology have been thoroughly trained.
· Robust management cycles are in place to ensure effectiveness of technology is monitored and managed.
It is the authors belief, supported by the work shown throughout this report that Lean offers a robust and well-known framework that can be deployed and followed in any business to help sustain improvements. By deploying Lean first, users can be confident that they have clearly defined the problem with the process/system and that all logical solutions up to digitization have been considered. In doing this, you prevent the creation of “digitized waste”, which was one of the concerns highlighted by (Powell, et al., 2021) earlier in this paper.
The two practical case studies used in this work were done so to show how a reliance on an organization jumping straight to an I4.0 solution without first fully understanding key information can have a longer-term detrimental effect on business performance. In each case, the technology seen an initial uptick in overall performance but soon started to decline. In each case the decline could be related back to a few key criteria:
· The problem the technology was deployed to fix was not fully understood
· The training and support of the people was not fully considered or supported
· No management systems were out in place to ensure the implementation of the improvement could be monitored accordingly and action taken for further help if needed
When Lean philosophies and tools were applied to the problem, better clarity of the problem was attained, and more suitable solutions were proposed.
With the benefits of a combined Lean and Industry 4.0 approach quite clear to see, it is a question as to why the field of study is not as far along as the current breadth of literature indicates. This may be due to the point raised by (Agostinho Jr & Baldo, 2021) around the lack of understanding of Lean by ICT experts and vice versa makes it difficult for either side to fully leverage the others positive aspects.
It is the authors belief that these relationships and knowledge fields can be organically grow through more work such as this which offer practical examples highlighting the dangers of a veiled approach to problem solving, but importantly the wonderful benefits that a combined approach bring.
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Level 1


Company - Hanson Aggregates


Level 2


Site - Hingston Down Quarry


Level 3


Sections of Plant - Primary


Level 4


Level 5


Asset - Belt Conveyor


Component - Motor 


Level 6


Part - Bearing



2020	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	84.763807642717424	86.208671553115948	87.678123654632941	87.377227579852331	90.903635184088444	90.034821441849857	90.684272341382581	87.366790094438656	87.597021895224998	87.281013268828417	87.295300167179121	83.979521828352631	


Availability of sites with highest rate of Checkproof completion (2020-23)

2020	Barton Quarry	Earls Barton Quarry	Pottal Pool Quarry	Shardlow Quarry	Ripon Quarry	Bulls Lodge Quarry	Batts Combe Quarry	Brayford Quarry	Chipping Sodbury Quarry	Hingston Quarry	81.725165660429326	84.288248131160771	82.06097552239676	61.21509631866477	90.827293926225266	87.565005302127716	95.320097342446971	94.346159483730176	88.263422809575843	82.394268552132274	2021	Barton Quarry	Earls Barton Quarry	Pottal Pool Quarry	Shardlow Quarry	Ripon Quarry	Bulls Lodge Quarry	Batts Combe Quarry	Brayford Quarry	Chipping Sodbury Quarry	Hingston Quarry	80.115090411915148	80.262978444341215	84.642580769562016	87.621259951098921	90.715252690045304	92.450840929123444	97.844541192927338	82.058211859330797	93.468297852354041	85.691144416885948	2022	Barton Quarry	Earls Barton Quarry	Pottal Pool Quarry	Shardlow Quarry	Ripon Quarry	Bulls Lodge Quarry	Batts Combe Quarry	Brayford Quarry	Chipping Sodbury Quarry	Hingston Quarry	88.315751965789488	89.128304477531103	80.317631569650132	93.207641623824586	94.23438786195662	86.089428299082854	95.377055411719269	76.739198433646095	92.71935377771689	87.286347189742685	2023	Barton Quarry	Earls Barton Quarry	Pottal Pool Quarry	Shardlow Quarry	Ripon Quarry	Bulls Lodge Quarry	Batts Combe Quarry	Brayford Quarry	Chipping Sodbury Quarry	Hingston Quarry	88.847255358570649	97.567359837478904	79.732535106293255	96.064454261262838	93.995415649178526	80.612743121629435	93.046382437009854	79.445477567604101	95.396818481466312	81.847653976044512	



2020 v 2023 Availability comparison

2020	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	84.763807642717424	86.208671553115948	87.678123654632941	87.377227579852331	90.903635184088444	90.034821441849857	90.684272341382581	87.366790094438656	87.597021895224998	87.281013268828417	87.295300167179121	83.979521828352631	2023	Jan	Feb	Mar	Apr	May	Jun	Jul	Aug	Sep	Oct	Nov	Dec	82.086749247712021	87.55970943023928	85.970085616694334	87.880381674142555	88.971439249071267	90.613051921451628	89.566494617567628	88.6094629914096	87.226453527139213	86.073334700642263	85.681729159644945	84.846630324051617	



Yes	Have you received Training?	Do you use framework orders?	Do you raise PO's as goods instead of services where possible?	Do you raise yearly/estimated PO's	0	3	3	3	No	Have you received Training?	Do you use framework orders?	Do you raise PO's as goods instead of services where possible?	Do you raise yearly/estimated PO's	9	6	6	6	



Daily/When Received	When do you GRN PO's?	How frequently do you deal with queries?	1	2	Weekly 	When do you GRN PO's?	How frequently do you deal with queries?	2	3	Monthly	When do you GRN PO's?	How frequently do you deal with queries?	6	4	
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Problem Statement and area of Opportunity

Excessive number of outstanding invoices sat in Businesses queues nationally. As of March 2023, 2800 invoices in BASWARE in query, totalling £18 million in value.

Business Need and Justification

Suppliers regularly complain about ate payment and put us on stop. 425 of all invoices were overdue on 3rd March 2023. The high number of Basware queries consumes both procurement
and operations teams time that could be utiised for value-add actvities.

Risks and Issues Assumptions and Dependencies
Time resource to faciltate project Al current systems will not change during project period
Project Ownership / Approval
Project Manager Chris O'Connor Project Champion 1o Bagnall Approval Date Ot-tan-23
Project Number P201-2023 Process Owner Rod Lafargue

Financial Benefits / Timing

Financial Benefits Estimated Expenses / Investment Schedule
Goal Actual Goal Actual Goal Actual
Incremental Sales 0 Expenses Incremental to Measure 3020123
£30,000
Proftability (% OI] 0 |Opersting Budget [analyse 312y23
Payback Period (yrs] 1 [Capital 0 improve 30-un-23
[Annual Savings £500,000 [Other, T 0FTE requires. (4 people) 0 [control 305ep23
ctTeam
Supplier Representatives Internal Team ‘Customer Representatives

Name Supplier Title Name Function Role Name Cust. Title

lakub vesely Procurement | P2 Owner

[Stephanie Sanchez Procurement | Change Coordinator

Daniel James Agas Central | _Process Engineer

[chris 0'connor. Aggs south | Process Engineer
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Updated: 20/03/2023 ccm
Deliverable Description Delivery Method Frequency Owner Audience
Mestings and|WeeKly Proje ing 10 review project iIn person/ TEAMS Weekly roject Owner {Project team
Reviews|Progress review istaius and next steps
[Vionthiy Project 10 update PC/PO on Th person/ TEAMS {Project Owner Project team, project
Update iproject status : iMonthly ichampion, process owner.
External meetings|
| endroviews (e, 4 4
community and 4 4
regulators) . :
Reports|
Weekly BASWARE
To allow discussion in Project
query volume update: In person/TEAMs Weekly Project team
for CENTRAL weekly meeting any Manager
Presentations
Powerpoint Project
Quarterly update | Project progress update presentation 3 months Manager Exec Team
“Ofher communication Tsignificant
measures (e.g.|  Business brief | Share project findings | Emailipresentation finding | Project team Wider business
newsletter) identified
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Date Next Step Target Date
24/03/2023 Review up to date queriy levels for central (weekly) On going
20/03/2023 Create report on how many PO's created by user per year to allow further analysis 24/03/2023
20/03/2023 Create report on current BASWARE queries - Current Status - combine with action above to give us list of users who will then analyse 24/03/2023
20/03/2023 Create report on BASWARE invoices for whole year based on users - This will be done once data set (10 people) is agreed on. 05/05/2023
20/03/2023 Upload data that shows "reasons for BASWARE querie" 24/03/2023
20/03/2023 List of levels of authority for BASWARE and PO raising - check up to date 24/03/2023
20/03/2023 Finalise project charter 24/03/2023
20/03/2023 Agree on meeting and communication plan 24/03/2023
20/03/2023 Send meeting invite for 24/03/23 20/03/2023

Agree on data collection plan - JV/DJ/CO went through on 24/3, First draft agreed but we need info to complete drop down sections for Basware query standard and root
20/03/2023 cause list. - Just confirm with SS 24/03/2023
20/03/2023 Speak with Joe and Rod - get them to agree on project scope and formalise in document 31/03/2023
24/03/2023 Arrange time for Stephanie to take JV/CO/DJ through BASWARE process from P2P perspective. 28/04/2023
24/03/2023 Trial data collection wth queries (from GB30) to make sure we are collecting correct data/have not missed anything 30th March. Sign off data collection plan. 31/03/2023
24/03/2023 Data set (10 people) agreed, arrange suitable time for further analysis once previous next step completed. - South Wales agreed first, others TBC following initial visit 31/03/2023
30/03/2023 Send out email request to LO and CE to inform them of team visit - Planned for 14th April. 04/04/2023
30/03/2023 South wales site team visit 14/04/2023
18/04/2023 Put together questionnaire that we ask of the site persons during data collection visit 21/04/2023
18/04/2023 Communicate to remaining person for analysis to hold on to BASWARE queries until measurement is done 18/04/2023
18/04/2023 | Plan for next week is: JV/DJ - Earls Barton and Needingworth, SS/CO Baston, Mercaston (but get mark to go to Barton), Pottal Pool, Freehay (but get Ella to Pottal Pool) | 05/05/2023
28/04/2023 Send update slide to Joe and Rod 28/04/2023

Finish analysis of data

Status| -
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