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Executive summary
[bookmark: _r1de5aw9tq]The principles of Lean Six Sigma are used to pinpoint and measure waste of three different operations: materials handling in the production areas, online retail warehouse, and food production (such as. baked beans). This investigates the nature of waste, considers the areas of improvement, and talks about the possible costs and difficulties. This is aimed at increasing efficacy, minimising wastage and overall performance of operations in the various sectors.
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Introduction
Lean six sigma is an effective approach that requires a combination of the two to make a powerful approach of enhancing efficiency of operations. The powerful approach achieved by a combination of Lean manufacturing and Six sigma. The strategy entails detection and eradication of waste in operations coupled with improvements in quality and consumer satisfaction. Businesses are able to work on inefficiencies to ensure that they are more profitable and competitive within industry. This report can delve into the application of the tools of Lean Six Sigma in pruning down wastage under three different business operations: materials handling process within a production set up, warehousing operation within an online based retailer and food production process like manufacturing of baked beans.
Materials Handling in a Production Environment
The process of materials handling in any identified production process is vital since it entails the movement of raw materials, storage, and regulation. The materials handling weakness in this sector can result in over transportation, wastage of time and slugging inventory (Al Bashar et al. 2024). The materials waste is manifested in cases that are not operated on travelling too far, or the lack of appropriate storage systems that cause disruption of operations. The report can be examined in terms of Lean Six Sigma. The Lean Six Sigma identifies the waste that could be detected within the existing system, measuring the amount of waste (Hossain et al. 2024). The opportunities to improve the material flow, shortening of waiting time, and inventory control.
Warehousing Operations for an Online Retailer
Warehousing is an important requirement in e-commerce businesses to make sure that the retailer delivers orders on time and in the right amounts. The poor warehouse schemes, stock surplus and ineffective order pickings are some of the important areas waste is created (Osman et al. 2024). The wastage on the warehousing operation process can lead to additional cost and time wasting that are directly translated to customer satisfaction. The operations in a warehouse can be discussed, regions most wastes are rife and the extent of loss in business due to the inefficiencies (Ikpe and Shamsuddoha, 2024). The online retailer can focus on better inventory control, factors that can reduce the handling time and streamline all other goods flows at the warehouse.
Food Production such as Baked Beans
The food production industry is a special sector in that there is a challenge in reducing wastes especially in activities such as manufacturing cans. Food production like imbalanced production, bad packaging, and wastage of materials are a frequent occurrence that causes inefficiency (Petrenko et al. 2024). The production of foods could be done with precise processes to reduce wastes as well as produce goods of quality. The report using Lean Six sigma can assess the prevailing food production system, waste areas as well as quantify the impact to cost and quality (McDermott et al. 2024). Emphasis can be placed on minimising the errors made during production and any packaging waste and the general production process.
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[bookmark: _t6x31k4tuost]Materials Handling in a Production Environment
	Type of Waste
	Description
	Impact

	Transportation
	Poor flow of materials among work stations.
	Wastes time and creates energy, decreases productivity.

	Inventory
	Excessive purchasing of materials or insufficient purchasing of required materials.
	Causes wasting, spoilage or obsolescence

	Motion
	Movement that is not necessary of workers or tools
	Wastes time, causes more fatigue, and makes efficiency low.

	Waiting
	Delay created by non-accessibility of materials or machine breakdowns.
	Ineffective time and low throughput.

	Overproduction
	Creating excess materials that are not required because of bad forecasts or batches.
	Causes surplus inventory and storage problems.

	Overprocessing
	This is extra refinement or refining of the product that is not necessary.
	When there is no customer value addition, they are a waste of time and resources.

	Defects
	The faults in supplies or incur a state of having to rework or dispose of errors.
	Reasons cause it to be delayed and expensive.


[bookmark: _u5srobv77wf2]Table 1: Materials Handling in a Production Environment - TIMWOOD Analysis
(Source: Self-Created)
Analysis
The operations are costly and time-consuming in materials handling, inefficiencies that are evident in high transportation and movement. The wastage of time and energy becomes unnecessary in the movement of goods and labour and the inventory management leads to overstocking or stockouts (Madamidolaet al. 2024). Overprocessing and defects are activities that do not add any value but consume resources. Lean six sigma methods are used to resolve these areas helps the businesses to streamline workflow, minimise delays, and decrease the costs to enhance the productivity and quality of product.
Warehousing Operations for an Online Retailer
	Type of Waste
	Description
	Impact

	Transportation
	Unproductive transportation of products between receipts and storage and picking points.
	Slows down the movements of travel, delays order fulfilments.

	Inventory
	Stockouts or surpluses as a result of overstocking or understocking.
	High holding costs, missed sales because of stock outs..

	Motion
	Employees are subject to walking long distances or finding something they lost.
	Wastes time, slows down and negatively affects fatigue.

	Waiting
	Time wastage because of the unavailability of products or employees waiting to execute something.
	Extends wasted time and postponement in order processing.

	Overproduction
	Partial products manufactured or packed without demand resulting in leftover inventory.
	Outcomes to encompass overstocking, higher cost of storage, and wastage.

	Overprocessing
	Repackaging or handling objects when it is not needed.
	Wastes time and work with no contribution to customer value.

	Defects
	Picking mistakes on orders or damaged goods that have to be returned or reworked.
	Causes rework, returns and late deliveries of goods to customers.
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(Source: Self-Created)
Analysis
Operations of warehousing online retailers are usually likely to be inefficient in terms of excessive transportation, motion wastage, and waiting periods. Goods can be transported without any necessity and employees can use wastage of time to find misplaced goods. The concept of overstocking and understocking results in waste of inventory hence increasing holding cost and loss of sales (Immadisetty, 2025). Inefficiencies are also contributed by overproduction and overprocessing including unneeded packaging processes. Lean Six Sigma is used so that retailers can be able to simplify the work process, better manage stock, lower the costs and improve the order fulfilment time and customer satisfaction.
Food Production such as Baked Beans
	Type of Waste
	Description
	Impact

	Transportation
	Ineffective transport of raw materials or complete products in the plant.
	Wastes time and energy and lowers productivity.

	Inventory
	Stocking of raw materials or packing material.
	Contributes to the wastage in spoilage or storage.

	Motion
	No needless movement of labourers to fetch the ingredients or equipment.
	Wastes time, diminishes the work force and makes the workforce fatigued.

	Waiting
	The problem of delay due to lack of availability of ingredients or machine breakage.
	Growing the downtime, decreasing throughput and escalating costs.

	Overproduction
	Production of additional beans or cans than needed as a result of wrong forecasts.
	Gets surplus products hence wasting and driving up expenses.

	Overprocessing
	Unnecessary additional cooking or packaging processes that cannot be valued by the customer.
	Spends resources, energy and time without adding value to the products.

	Defects
	Production mistakes like overcooking of newly prepared beans, broken can or labelling.
	Result in wastage, duplication and slowness, and adding to production-related costs.
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(Source: Self-Created)
Analysis
Canned food production particularly in baked beans results in massive wastes in terms of transportation, inventory and overproduction. Poor material moving in the production plant adds time and energy consumed. The lean Six Sigma methods are able to streamline these processes, cut down on wastage, and make it a cost-effective and streamlined production environment (Taher and Bashar, 2024). The risk of spoilage or storage difficulties can be instigated by over stocking ingredients or packaging. Redundant treatment stages during the cooking or packing consumes precious resources. Product faults include over cooked beans and defective cans that lead to delays and reworking. 
[bookmark: _8zta9wyxof63][bookmark: _Toc222334920]Quantification of the wastes occurring
Materials Handling in a Production Environment
The time and resource tracking parameters can be used to measure waste in materials handling in the production environments. The efficient materials management also minimises transportation, movement and inventory wastes enhancing the overall production flow and productivity (Čamajet al. 2025). One method of measuring inventory waste is through the excess inventory levels and a perfect funnelling system would maintain the inventory to levels that correspond with the demand projections and storage expenditure is lowered by up to 25%.
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[bookmark: _3seylc9c7765]Figure 1: Quantification of Wastes in Materials Handling
(Source: Self-Created)
The motion waste is measured using the time which is used to move materials and tools by the workers and unnecessary motion reduces the labour productivity by 10-15%. Waiting waste may be determined by an index based on downtime, which may take as much as 20% of the production time. The waste production may be monitored by checking the level of production and overproduction level of 15-20% will result in wastage of resources. The amount of overprocessing waste is measured by following activities that are not necessary in the process and that might add up to 10% of the production time. Lastly, Defective waste is what is calculated by the cost of rework or wasted products, which may cost as much as 5% of the total production costs.
Warehousing Operations for an Online Retailer
Transportation waste involving warehousing activities can be measured with regard to time and distance that the goods go in the warehouse. The enterprise supply is optimised through warehouse layout that the inventory module lowers operation costs and enhances the performance of order fulfilment (Chen, 2025). This can lead to 15-20% increase in operational costs that have not been optimised. The inventory waste is measured by dividing inventories by the demand forecasts and an overstocking ratio of 10-15% results in an excess holding cost. Motion waste involves monitoring of the movements of workers and the inefficient pattern of routes to pick products leads to as much as 30% of time wastage.
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[bookmark: _aunjwv5jwdtn]Figure 2: Quantification of Wastes in Warehousing Operations
(Source: Self-Created)
Waiting waste can also be measured by attending to time in waiting in getting the goods or tasks to be completed and this adds up to 25% delays in operations. In warehousing waste in the form of overproduction takes place when items are packed or processed in excess and this waste adds up to 10-15% in labour and material expenses. The waste generated by over processing is checked through measuring the needless processing of goods, and this may increase the time between 5-10%. Defective waste is measured by observing mistakes in order picking, damaged products and it may take 2-3% of returns.
Food Production such as Baked Beans
Transportation waste in the food production could be estimated by the distance that vessels travel, which adds up to 5-10% of operational time. The cooperation of lean techniques in food production reduces overproduction, movement and defects that amplifies product quality and cost-effectiveness (Gomaa, 2026). The amount of inventory waste is measured by monitoring of raw materials and finished goods in which the surplus results in 5-10% in warehousing expenses and waste. The movement of the workers can be measured and cited as data motion waste and inefficient work-stations leading to loss of 15-20% of the productivity. Food production Waiting management, in terms of machine maintenance time or delivery, can result in a maximum of 10% production waiting. 
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[bookmark: _v99zrlqp6ejz]Figure 3: Quantification of Wastes in Food Production
(Source: Self-Created)
The waste of overproduction is measured by monitoring the production rate and when overproduction occurs then there is an increase of 10-15% in the number of materials used and spoilage. Overprocessing waste is determined by monitoring the unnecessary action of taking additional unnecessary steps of processing, which contributes 5-7% points to the production time. Lastly, Defective waste is also measured by determining the number of errors made during production like undercooked or damaged products creating a rework of 2-3% rate.
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Materials Handling in a Production Environment
The layout design of the production floor is one of the major areas that can be improved to enhance the management of materials. The lean design minimises transportation wastage by ensuring that materials move over a small distance (Proença et al. 2022). Firms are able to cut down travelling times by up to 40% by introducing cellular manufacturing or a flow-based layout. The other way to make it is to cut down on motion wastes through ergonomic redesigning of workstations to create minimum movement. Wastes of motion can be reduced by 20% using standardised tools, workstations, and organised storage systems. Another strategy that could be adopted to enhance inventory management is the adoption of Just-in-Time (JIT) system to mitigate extra inventory. This would result in lesser storage expenses and the improved management of cash flows. Automated real-time inventory tracking systems may also be changed, to ensure that the optimal stock levels are maintained, as well as with reducing the waiting times due to the shortage of an inventory (Vaka, 2024). The decrease of scrap and rework by up to 5% can be done by reducing defects in the process with more training and better-quality control.
Warehousing Operations for an Online Retailer
The warehousing operation, enhancement could be made to optimise the layout and to have some automation that can help in enhancing efficiency in the material handling. An effective warehouse layout has the potential of reducing transportation wastes to 20% through placing high-demand goods near packing areas. The automated storage and retrieval systems (ASRS) can save time workers spend on searching for products by 25%, as well as waste on motion (Khan and Ahmed, 2025). Excess reduction, through better inventory management like stock level tracking wizard and demand forecasting, can be used to make the holding costs 10-15% lower. The eliminating waiting time per the worker and decreasing picking speed up to 30%. The use of superior barcode scanning and quality control can bring down the error margin by 2-3% leading to the minimization of the returns and exchange.
Food Production such as Baked Beans
In the food production industry, the waste can be reduced with an increase in inventory control. The overproduction and spoilage can be lessened by implementing a demand-driven production system or through the Kanban to control the flow of raw materials (Ikpe and Shamsuddoha, 2024). Using lean scheduling can assist in production optimization, aiming at prototyping production rates and demand projections, eliminating wastes in the form of overproduction by 15-20%. The work-started stations could be ergonomically efficient in reducing unnecessary movements and enhancing the productivity of workers by up to 20% with the aim of minimising motion waste. Food manufacturing wastes such as redundant inspections, excessive packaging, or other non-value-adding processes could be addressed by removing wasteful processes in the production line that do not contribute value to the product after manufacturing (Macedo et al. 2025). The quality control measures, such as training and enhancement of inspection can be able to decrease defect rate by 2-3%, thus guaranteeing the elevated quality of products and rework minimalization.
[bookmark: _52rdboud6wow][bookmark: _Toc222334922]Consideration of the costs of the improvements and any potential issues implementing the improvements
Application of the Lean Six Sigma improvements necessitates the realisation of the costs involved and as such, it entails investments in the procedures of being optimised, human resources, machinery, and training. The adoption of these changes might have certain challenges, the consideration of that is to be given (Madhani, 2022). Some of the costs of the improvements proposed to the three selected cases are evaluated below with the calculation of costs where applicable using the lecture note principles.
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[bookmark: _rzl5xuwspcx3]Figure 4: Quality Costs
(Source: Taken from the lecture note)
Materials Handling in a Production Environment
Cost of Improvements:
Optimising the layout plan and cutting down waste in transportation within a production setting might cost approximately 5-10% of the total running expense. As an example, material handling and storage optimization may involve a layout redesign and investment of more than $50,000 in automation. The quality cost models indicate that its prevention cost (PC) in terms of the investment in system design and layout is essential in minimising its future failure costs (FC) such as defect and delays. This initial outlay is anticipated to pay back in the form of a reduction of the transportation costs by up to 20%.
Equation for Cost Savings
Cost Savings=Current Transportation Costs×20%
Potential Issues:
The primary problem when bringing forth these improvements is the opposition to the changes by employees because of the alterations in the established operations. Besides, the initial cost of the reorganisation of the plant as well as acquisition of new equipment could not be reasonable when it comes to a small-scale facility (Wang et al. 2023). The training and redesign timeline of the project can require several months which can influence the immediate productivity.
Warehousing Operations for an Online Retailer
Cost of Improvements
Inventory management practises in warehousing like installation of automated stock tracking system or a superior layout of the warehouse may cost upfront expenses of $75,000. The systems could minimise inventory holding costs, movement wastes and the successful elimination of 10-15% operational expenses within a year. The ABC costing could also be used to give more precise calculations of costs and identify the right amount of money wasted on inventory handling and movement.
Equation for Cost Savings
Annual Cost Savings=Inventory Holding Costs×10−15%
Potential Issues
New technology and automation systems are sometimes costly to install and even need the training of the staff that leads to appraisal costs (AC). The merging of these systems with the ward management software in place might be a complicated process that needs extra technical assistance. 
Food Production such as Baked Beans
Cost of Improvements
The food production, just-in-time (JIT) inventory management and production schedule optimization can cost about $60,000 to implement the system and train the employees. The company can save up to 15% of the storage costs in addition to the spoilage costs as it could help in reducing overproduction and inventory waste. This can also enhance the quality of products as there can be reduced product defects.
Equation for Cost Savings
Cost Savings from Waste Reduction=Spoilage and Storage Costs×15%
Potential Issues
The major problem with applying JIT is that it relies on timely delivery. The other reason employees cannot embrace JIT is because they fear the reliability of the supply chains.
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