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	1. [bookmark: _Toc66699405]Lean



[bookmark: _Hlk65757749][bookmark: _Hlk65762681][bookmark: _Hlk66534849]The fundamental idea of Lean is to maximise customer value while eliminating waste. Lean thinking offers more value to customers while using fewer resources making the process more efficient and cost effective to the business. ‘Lean Manufacturing is considered to be a waste reduction technique as suggested by many authors, but in practice lean manufacturing maximize the value of the product through minimization of waste’ (R. Sundar et al 2014). Whatever is creating the company revenue is considered as value, while whatever is not creating revenue is considered as waste.
Lean thinking can be traced back to the 16th century. The venetian arsenal used flow production when producing and manufacturing boats in Venice.
At the start of the 20th century, Henry Ford started to produce the Ford Model T. His team of workers used interchangeable parts while utilising manufacturing equipment in a flow sequence and a moving assembly line which enable Ford to produce cars faster and more efficiently. The assembly lines in the Ford plants were able to mass produce cars on a global scale.
In the 1930’s, W. Edwards Deming created a continuous improvement process known as Plan Do Check Act. His process was used in Japan which helped improve the country’s reputation in manufacturing.
During the 1960’s, the Toyota motor company developed a management system based on the fundamentals of lean principles. Taiichi Ohno focused on problem solving, leadership, production operations, supplier collaboration, product & process development and customer support. 
Today Lean is not only used in manufacturing but used in many different types of public and private sector businesses’ with a focus on reducing running costs by developing a service from a customer’s perspective.  ‘According to the Manufacturing Advisory Service in the UK, many businesses have benefitted from taking on these practices. The businesses the service tracked had deliveries, stock turns, and productivity all increase between 25 and 33 percent, while scrap and space decreased 26 and 33 percent respectively’ (status.net - lean management).
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(photo - https://www.industryforum.co.uk)
	[bookmark: _Toc66699406][bookmark: _Hlk65587584]1.1 Definition of Waste



In terms of Lean, waste is considered to be something that consumes time, resources or space but does not add any value to the end product. The eight wastes of Lean are listed below.
	Transportation
	This the is movement materials within the process. This is very costly as the business will have to pay for the time and machines utilised in the process. It should be reduced in order to reduce delays and reduce the risk for potential damage caused by handling.


	Waiting
	This is when an employee in the production process is idle and waiting to commence work as there are waiting for an employee is the previous step of the process to complete their action. Eliminating this waste will save time and money.


	Defects
	Quality errors will cost the business money as the product will have to be replaced resulting in waste to resources and materials. This waste could result in a negative impact on customer satisfaction.


	Inventory
	A business may manufacture more than what is actually ordered to protect against downtime, production delays and defects. This waste uses more, resources and materials. To reduce inventory, other problem areas of the business would need to be addressed first such as reducing defects to allow for confidence in fulfilling customer orders on time.


	Overproduction
	This waste occurs when production exceeds customer demand which leads to high inventory. Overproduction can hide other problem areas within the business. The goal for the business should be to only manufacture what is required.


	Overprocessing
	When a business puts in more work than what is required leads to overprocessing waste. This can result in a waste in time and resources.


	Motion
	The motion of machinery or employees which are inefficient and more complicated than necessary leading to a waste in time and could result in harm to employees, equipment and the product.


	Non-utilised Talent
	This waste relates to the lack of use of human capability and resources within the production process. Companies that have a strict order of command can have problems with this waste as team members have sets roles and duties leaving little input into tasks.
 




	[bookmark: _Toc66699407][bookmark: _Hlk65751856]1.2 Lean Principles



There are five key principles of Lean. 
[image: ]

	Define the value
	Value needs to be defined from the customers perspective. Value is what the customer is willing to pay for. The customer will purchase a product as they see value in it.


	Map the value stream
	Map all the value adding and non-value adding steps that will bring the product to the customer. Activities are value adding if the customer is willing to pay for the activity. The activity must change the product resulting in the product being produced closer to the customers’ requirements. The activity must also be accurate and executed correctly first time. Non value adding activities (NVA) are something which the customer does not want but the process requires to allow for the production of the product. Some NVA can be reduced but not completely eliminated although some can be eliminated if the production process is altered.


	Make the process flow
	All stages of the process must flow from start to finish. This includes the product, services and information.



	Pull from the customer

	To enable the process to start upstream, then there must be a signal from the customer of their need for the product. Actual demand from the customer initiates the pull on product and services through the value stream.


	Work towards perfection
	Develop continuous improvement and innovation projects to completely remove any waste from the process which does not add value for the customer.







	[bookmark: _Toc66699408][bookmark: _Hlk66347177][bookmark: _Hlk65764543]1.3 Implementation of Lean



[bookmark: _Hlk66535285]When implementing Lean management, a product team needs to be set up to understand the needs of the customer and what they perceive as value. The team need to understand what the customer is willing to pay for the product at any given time. ‘Value is defined by the customer (externally focused) and is only meaningfully expressed in terms of a specific product that meets the customer’s needs at a specific price and specific time’ (James P. Womack et al 2003).
[bookmark: _Hlk66270700]A value stream map will need to be created to understand the whole process of producing the product from start to finish. ‘Value Stream Mapping (VSM) is the process of mapping the material and information flows required to coordinate the activities performed by manufacturers, suppliers and distributors to deliver products to customers’ (R. Sundar et al 2014). A cross functional team of managers and supervisors across all departments will need to be created to ensure information can be discussed and debated. Suppliers of materials would be worth adding to the team to understand delivery times and costs. The team can debate what waste is value adding and the elimination of non-value adding.
[bookmark: _Hlk66271039]Understanding customer demand can help the process flow. Demand may increase or decrease during different times of the month so production of the product should correlate with the frequency of customer demand. R. Sundar et al 2014 refer to the concept as Takt time. ‘Takt time refers to the frequency of a part or component must be produced to meet customers’ demand. Takt time depends on monthly production demand, if the demand increases the Takt time decreases, if the demand decreases the Takt time increases which mean the output interval increases or decreases.’ (R. Sundar et al 2014). Understanding this process can allow the business to manage their team effectively and produce what is needed. Sufficient inventory can be stored and managed to support peak demand. 
One-piece flow production line layout and multi skilled workers can assist with improved flow production. Understanding the time in which a part takes to be manufactured will indicate where bottle necking could occur. The introduction of multi skilled workers would alleviate the problem. 
The company needs develop business improvement schemes where employees come up with innovating ideas to remove waste and strive for perfection. 
Lean thinking has been notably successful when implemented in the NHS. In a document written by the NHS Institute for Innovation and Improvement, Bolton NHS Trust began implementing Lean in summer 2005 with an aim to ‘improve the non-elective trauma patient pathway after previous improvement approaches had failed’ (Neil Westwood et al 2017). A year on from starting the process, substantial improvements were seen in the following areas when using less resources than previously required:
· ‘50% reduction in hospital mortality for older patients with a fractured neck of femur.’
· ‘37% reduction in overall mortality for adult trauma patients.’
· ‘32% shorter length of stay.’
The document also highlights improvements elsewhere in the NHS with enhancements in the A&E department. Utilising the pull concept rather than push when admitting patients to available beds, significant advances were seen with ‘cuts in delays, speed of process increased and reduced length of stay.’
[bookmark: _Hlk66269368]Lean has also been successful in Tesco. The supermarket implemented Lean in the early 1990’s with a focus on cutting costs and removing waste from its supplier network which led to significant savings. Tesco’s ability to understand their customer’s value is evident in the increase in Tesco’s sales and market growth. ‘From 1992 to 2011 its average annual profit growth was 12.5%, (which had slipped to -3.3% 2012 to 2014) with its comparative sales growth figures 12.3% and 1.5%.’ (Simon Elias 2015 ). Tesco was able to understand its customer value by gathering data on each customer ‘They developed many mechanisms to understand customer wants, such as Clubcard data, customer panels and market research.’ (Simon Elias 2015). The implementation of the Clubcard allowed Tesco to understand the customer’s value and buying habits which would then start the pull concept within the Lean system. 



	[bookmark: _Toc66699409]1.4 Disadvantages of Lean



Although there is success with lean management among many companies globally, there are factors which companies need to be aware of when implementing Lean.
Listed as a waste within Lean, careful consideration needs to be taken when manging inventory. Low amounts of stock are traditionally kept within the business to reduce costs. However if there is a restriction in the production flow due to faults elsewhere within the business or a problem with a supplier delivering materials, this can dangerously lower stock levels. With little contingency if a fault in production flow was to occur this will then have a knock on effect with the distribution of the company’s product leading to orders being delivered late resulting in a negative impact on the company’s reputation. 
‘Reducing inventory levels cannot be enforced in volatile environments, usually leading to even greater variability and exposure to risk’ (R.D Snee 2010).
The implementation of Lean can lead to a lot of changes within the business. New systems, processes and machinery may be implemented to allow for a more improved and efficient flow of production. These changes come at a cost to the business. Training of employees will be required for these changes which will take time and money. It is important that everyone buys into the changes so it is crucial that leaders and trainers are open and honest about the direction the business wants to take. Changes can be hard to implement with older more experienced employees so patience and persistence is required when delivering the new systems to the workforce. 
[bookmark: _Hlk66533553]‘Management and their communications provide the backbone of any continuous improvement effort, while employees require transparency from management and their own education and empowerment in the change process’ (M.P.J. Pepper et al 2008).
With improvement projects being utilised within the business, it is important that the right people are involved. Not all parts of the business may need restructuring. By only altering waste areas, implementation costs can be minimised. Slow and small steps are required when making changes to allow for data to be gathered on a system change and its impact to the business revenue.

	2. [bookmark: _Toc66699410][bookmark: _Hlk66527989]Six Sigma



Six sigma is an improvement process with the aim to understand discrepancies within the business process which lead to reduced performance as experienced by the customer. 
Six Sigma takes into account the activities, information, services and materials used within the process to understand discrepancies in the product output. Data is used to analyse variations in cost, quality and time and the implications on poor performance.
Understanding the customer’s needs is critical in Six Sigma being successful. Data is used to measure performance of the business to ensure the customer’s expectations are being met.
[bookmark: _Hlk66277843]Variations in the process lead to defects or errors in the output. Six Sigma’s goal is to eradicate the variations. ‘Six Sigma projects are generated to resolve these problems, often by reducing variation, eliminating defects, reducing waste and compressing cycle time in the processes’ (Stuart Smith, Six Sigma Group). By establishing the root cause of the problem within the process, the performance of the business can be improved and the faults eradicated.
D.M.A.I.C methodology is used to seek and eliminate the problem within the process.
[image: ]
	DEFINE
	Understand the scope of work. Recognise the process, the activities, services, information and materials used within the process. Assemble a cohort and plan the project.


	MEASURE
	Gather data to measure where the company is in respect to where it should be and identify the possible causes for variations or waste.


	ANALYSE
	The relationship between activities, services, information and materials need to analysed against the cost, quality and time to understand the vital few causes of the variations and waste can be identified.


	IMPROVE
	Discuss and classify potential solutions, select the best one and design the new process including the improvements.


	CONTROL
	Put in place the controls and monitors that will sustain the improvements over time.


	TRANSFER
	Standardise the learnings from each project and apply them elsewhere within the business (this is an extra step used to extend the learnings across the business).




[bookmark: _Hlk66353056]‘The ultimate goal of this methodology is to create products or services with less than 3.4 defects per million products or services produced. Witnessing its benefits, many of world’s most famous and successful organizations have decided to implement and integrate Six Sigma principles in their business processes.’ (Hana Tahiri, 2017)

	[bookmark: _Toc66699411]2.1 Implementation of Six Sigma



Motorola was the first company to implement the Six Sigma methodology in the 1980’s. Motorola customers had expressed discontent with defects in the company’s product and the poor customer support offered. To progress the business, the improvement methodology was created where the business would measure, analyse, improve and control the production process and aligning them to the customers’ requirements. Measurement systems were set up to allow Motorola to monitor and continually improve the process.
By 1992 Motorola had managed to reduce defects to 3.4 units per million produced and the savings were substantial. ‘After implementing Sig Sigma, Motorola realized how important the methodology had been in improving their processes. In fact, they have documented more than $16 billion in saving as a result of Six Sigma adoption.’ (Hana Tahiri, 2017).
Tata Steel implement Six Sigma to improve and fault find discrepancies in their manufacturing processes. The methodology is used to identify the root cause to a problem causing plant equipment and machinery to run outside of specification.
Success has been seen with identifying the root cause for 4 gas cleaning cooling water pump bearing failure. Following the six sigma methodology it was identified that the bearing cage had failed due to lack of lubrication. The learning from process meant for improved maintenance schedules and vibration testing to all bearing assemblies on plant. Below is the DMAIC created by (Jason Chard 2020).
[image: ]

Six sigma was also used to identify the root cause for the reduction in coke oven gas flows at the Service Boilers plant. Following a meeting being set up of managers from different disciplines and area specialists, the cohort were able to summarise the background to the problem. Data was gathered of the gas flows and measured against control standards over time. Various root cause analysis tools were used such as scatter graphs, 5 whys and a fishbone diagram which allowed for pin point analysis. After implementing an improvement plan to clean the main to remove undissolved solids, flows increased by almost 80% from 4.8km3/h to 8.5km3/h allowing for improved steam generation. Below is a fishbone diagram used to help identify the problem (Tata Steel Port Talbot 2020).

[image: ]

	3. [bookmark: _Toc66699412]Lean and Six Sigma 



Lean six sigma methods have been combined and utilised within businesses to improve performance, remove waste and reduce variations.
Lean and six sigma have similarities in they both look to develop continuous improvements within the business and require good leadership to drive those continuous improvement projects. Both methods also look at the process from the customers perspective. 
The lean model sets a standard for the business to follow such as removing waste, while six sigma gives the tools required to remove the waste such as gathering and measuring data to reduce defects. DMAIC is used to find the root cause of why the waste is occurring within the production process. Eliminating the variations in processes reduces waste.
‘Six Sigma complements lean philosophy in as much as providing the tools and know-how to tackle specific problems that are identified along the lean journey’ (M.P.J. Pepper et al 2008).
Evidence has been seen that lean six sigma has created improvements within production processes leading to improved customer satisfaction and improved financial performance. 
[bookmark: _Hlk66534277]‘As a definition of lean six sigma states the approach creates process improvements that enhance customer satisfaction and the financial performance. From a project perspective, green belt (GB) and black belt (BB) projects typically return in excess of $50k and $175k per project, respectively. A lean six sigma deployment passes the breakeven point in six to twelve months’ (R.D Snee 2010).
The US army has had notable success when implementing lean six sigma within its organisation. Due to high demand at the Army Depot M1 tank assembly plant, the army were looking at ways to increase productivity. They implemented a one piece flow system which allowed for less man hours for the tank assembly whilst reducing the number of workers. After analysing, organizing and reviewing operations, the Anniston Army Depot determined that a one-piece flow operation could reduce assembly time by 2.2 man-hours for each module and staffing requirements from five to four workers. Those successful efforts resulted in a reduction throughput time of 56%—from 4.5 days to two days (Jonas A. Guintivano ). The learnings were spread and implemented across the business with improvements seen in recruitment allowing for a more efficient recruitment process. U.S. Army Recruiting Command also reduced the number of steps it takes to process new recruits by 66%. It also decreased the time it takes to get applicants through the process by 40% (Jonas A. Guintivano).

	4. [bookmark: _Toc66699413]Summary



In summary lean and six sigma are two methodologies that are used together in business to drive continuous improvement and further increase performance.
Lean sets worthwhile standards for the business to work towards with the five key principles. Defining value from the customers perspective is a fundamental principle for the methodology being successful. Value stream mapping enables the business to plan all the step required in the process to produce the product to the customer. Defining what is value adding and what is non value adding activities highlights where potential savings can be generated within the process. Customer demand dictates when and to what criteria the product is produced, it is not defined by the business.
Six sigma gives the tools required to eliminate the non-value adding activities and variations from the production process. Data gathering is used to measure and analyse where savings can be made within the business. Root cause analysis tools such as scatter graphs, parato charts, fishbone diagrams and 5 whys can be used to identify root causes to variations and eliminating waste.
Both methodologies require the workforce to buy into the theories and practices for models to be beneficial. Strong leadership and training is required for success to be achieved. Working towards perfection and striving for continuous improvement is another principle shared by the methodologies. Learnings achieved need to be transferred through the organisation empowering the wider workforce. Employee driven improvement projects can be utilised to enhance performance and productivity.
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