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[bookmark: _Toc223128409]2 Executive summary
The report explores the seven wastes of Lean (TIMWOOD) in three business operations: materials handling within a production setting, warehousing operations with an online retailing business, and production of baked beans. The report aims to determine where wastage is taking place, alongside measuring the effect of the wastage, suggesting how to improve it and assessing the costs of implementation and the obstacles. The report has analysed that the three most important wastes in the three operations include transport, waiting, excess inventory, and defects. Under quantification, it is seen that waste increases the cost of labour. It also slows down delivery time, lowers productivity and causes financial losses. Each of the cases can be suggested two strategies of improvement. These will be layout redesign, adoption of barcode systems, pull systems, standardised work, automation, and quality control. Although these improvements demand financial investment and cultural change, they will have a greater benefit than cost in terms of efficiency, waste reduction, and customer satisfaction.
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Lean thinking is a management method of operations management that aims to eliminate wastes and to enhance efficiency. The Toyota Motor Corporation initially designed it as part of the Toyota Production System. The prime goal of lean is to add value in the manufacturing process with the limited amount of resources the company have. Lean has defined seven categories of waste in the operations of a business. These wastes are recalled through the TIMWOOD acronym, which is Transport, Inventory, Motion, Waiting, Overproduction, Overprocessing and Defects. With the identification and reduction of these wastes, organisations can enhance productivity, lessen the costs, as well as boosting the customer satisfaction. In this report, the seven wastes of lean are explored in three spheres of business operation. The initial one is in the material handling of a production setup. It involves processes like the transportation of raw materials, storage of components and delivery of items to production lines. Unnecessary transport, high inventory, and waiting time can be caused by inefficient material handling. These problems may slow down the production and raise the costs of operation. 
The second one is the warehousing services of an online retailer. Warehousing is a factor in e-commerce enterprises. It entails taking goods, warehousing of goods, taking orders from customers, packaging goods, and sending them to the customers. Customers in online retailing demand quick and precise responses from the companies. Nevertheless, wastes may be in different forms. For example, employees may walk long distances to collect things, have a lot of stock, or make wrong orders for customers. These wastes add expenses and increases delay time of the organisation (Hajam et al., 2023). As a result, customer dissatisfaction may take place. The exploration of lean waste in warehousing assists in the enhancement of speed, accuracy, and cost efficiency. The third area is food production, for example, baked beans production. The production of food has a series of steps, which are cooking, filling, sealing, labelling and packaging. Automated production lines are commonly applied in this kind of operation. Overproduction, faulty production, machine idle time, and too much time processing can be considered wastage in production. All these issues may result in creating inefficiency in production. Through lean thinking, the food manufacturers can enhance quality, cut on waste and have a flowing production process. These three strategies represent the various kinds of operations, including manufacturing support, logistics, and food processing. Their joint study gives a general insight into how lean wastes may arise in varying business settings.
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[bookmark: _Toc223128422]Table 1: Types of problems
	Serial
	Name of the problems

	1
	Transport

	2
	Inventory

	3
	Motion

	4
	Waiting

	5
	Over-production

	6
	Over processing

	7
	Defects



[bookmark: _Toc223128412]6.1 Handling of Materials in a Work Process
Materials handling at the site of production involves receiving, storing and transporting raw materials to the work stations. The existing scenario of the storage of materials in a central warehouse, which is far away from the production line, is common. Forklifts are used to transport pallets over long distances. These results show inefficiency in transport and enhance the amount of transport wastage because the raw materials are transported multiple times before they are used. Sometimes goods are loaded, stored, and then loaded to a temporary holding area where they are then moved to the assembly line (Koul et al., 2022). Wastes of inventory also take place since storage of large amounts of raw materials is brought to prevent shortages. This minimises the risk of stockouts at the expense of higher storage costs and concealed planning issues. It also carries the risk of inventory damage and other miscellaneous costs.  Motion wastes are occurred when employees spend their time walking miles to get their tools or to find materials. This is caused by poor layout design. Also, waiting waste occurs when the production line is held because of the late supply of materials or poor communication between departments. Overproduction can take place due to the overuse of raw materials instead of producing based on the current market demand. Over processing may occur when the records of stock are examined in digital and manual systems several times. Lastly, defects are occasioned when materials are spoiled or wrong goods are supplied to the production line. These wastes decrease efficiency and augment the costs of operation.
[bookmark: _Toc223128413]6.2 Warehousing Process of an Online Retailer
The steps typically involved in the warehousing operation of an online retailer are the receipt of goods, their storage, order picking, stuff packing and delivery to the clients. Product placement is not optimised in most cases in the prevailing situation. The slow and fast-moving products can be stored randomly. This random storage may lead to significant wastage as the employees may need to spend a lot of time and energy to find the desired raw materials on every shift. There are workers who may cover a distance of over 10 kilometres per day, lessening productivity and resulting in more fatigue (Huang et al., 2022). Wastages related to transport may also take place in warehousing. Movements of items can include a number of times between receiving, storage and packing. The lack of proper layout planning enhances unnecessary internal transport. Retailers tend to stock a lot of inventory in the event of shortages, and this waste is usually massive. Slow-moving products occupy a good amount of space, and they raise the costs of warehousing those products. Concurrently, ineffective demand forecast knowledge can lead to the stocking of a huge amount of unsold products. Employees sometimes wait to get updates on their system, confirmation of stock or packaging material. This type of problem is called waiting waste. A slow system of IT problems may delay order processing.  Over-processing is a result when the item is repacked due to a damaged package or wrong labelling. Lastly, flaws are caused by the delivery of the wrong products to the consumers. These result in returns, refunds and poor customer satisfaction. These wastes thus have a direct significant impact on the organisation and its productivity.
[bookmark: _Toc223128414]6.3 Baked Beans Factory Food Production
The manufacturing process of baked beans involves soaking of the beans, cooking, adding a sauce, filling of cans, sealing, sterilising, labelling and packaging. It is especially automated, and then the process continues. However, there are still a number of types of lean waste. Transport waste is one of the most common problems regarding food production. It can occur because semi-finished products are transferred to the various parts of the factory. It is a result of poor layout design. Temporary storage space and long conveyor belts add to the handling time. Inventory wastes take place when huge numbers of bean sauce ingredients, or canned finished products, are stored. Finished goods that are in excess can be a result of poor demand forecasting (Khan et al., 2022). This has the effect of tying up capital and raising the cost of storage. Motion waste occurs when employees have to walk around a lot so that they can check equipment by pressing machine levers. An unsuitable workstation layout enhances movement which is not necessary. Waiting wastes are not uncommon when machines are breaking down, in cleaning, or when changing their production batches. Such stoppages lower the efficiency of the line. One of the major problems in the manufacturing and production of food is overproduction. Overproduction of baked beans compared to the demand in the market may result in wastage of products and losses (Madkhali et al., 2023). The over-processing can take place when there is a longer time than needed to cook beans or when the quality check is repeated without necessity. Lastly, faulty cans, wrong labelling or pollution are also defects. Bad products should be disposed and this increases the food waste and production expenses. These wastes influence the profitability and the performance of operations.
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Measuring lean waste is significant as it enables organisations to find out the extent of the issue and the financial cost of the operations. In the absence of measurement, wastes are hidden, and the improvement efforts may go in vain. In the three chosen areas of operation, waste may be calculated with the assistance of time, cost, distance, percentage rates, and productivity levels. The wastes are calculated below:
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	Operation
	Waste Type
	Estimated Impact

	Materials Handling
	Waiting
	45 minutes downtime per shift (£500/day loss)

	Materials Handling
	Transport
	20% extra forklift usage (£15,000 annually)

	Warehousing
	Motion
	Workers walk 12–15 km per shift (20% productivity loss)

	Warehousing
	Defects
	3% order return rate (£25,000 yearly cost)

	Baked Beans
	Overproduction
	5% excess stock (£40,000 storage cost yearly)

	Baked Beans
	Defects
	2% damaged cans (£30,000 waste annually)



Transport waste in the setting of the materials handling can be quantified by determining how far the forklifts travel on any day. To illustrate, in the case where forklifts cover 40 kilometres every day, and half of this time is not necessary, there is wastage of fuel, labour time and maintenance expenses. Waiting waste may be measured through recording the production downtime. Assuming a production line spends 45 minutes every shift in delaying the material, and the value of production made per hour is £1,000, then the loss will be high per day. The wastes of inventory can be obtained by determining the value of the surplus stock and storage expenses per month. Motion waste in warehousing operations may be quantified by the average number of steps taken by pickers each shift (Ma, and Hao, 2024). Assuming pickers cover 12 kms on each shift and 20% of this is attributed to bad layout, this goes directly against picking efficiency. Order return rates can be used to measure defects. Taking an illustration, a 0.03 erroneous order rate in 10000 monthly orders translates to 300 returns, which increases handling and refund expenses. System data can also be used to track waiting time in order processing. Overproduction is also quantifiable in baked beans manufacturing through the forecast demand and the actual output. When sales do not sell 5% of monthly production, this amounts to bound-up capital and storage costs. The rate of defects may be expressed as a percentage of damaged cans, for example, 2% of total production. Waiting waste can be measured using machine downtime that can be captured in minutes per shift. These quantifications give good evidence of improvement decisions.
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The improvements suggested to improve the materials handling operation are two-fold: redesigning the facility layout according to the principles of cellular manufacturing and a Kanban-based pull replenishment system. These steps are chosen, as the lean theory indicates that the waste is commonly related to the bad design of flow and the release of inventory, which is not controlled.
Redesign of the layout is justified as it may be used for correcting motion waste and travel waste of the organisation. The materials in the present case are kept a long distance away, and this increases the distance covered by forklifts and manual handling. The lean flow theory states that materials flow should be in a continuous flow with minimal interruption. The cellular layout brings similar processes and storage areas close to each other, minimising unnecessary flow. Reduction of travel distance results in decreased fuel prices, decreased wear and tear on equipment, and minimised chances of accidents (Ramos et al., 2023). It also reduces lead time since materials are delivered to workstations at a faster rate. Systems-wise, better layout design will increase the level of visibility and coordination of departments. As the flow increases, the waiting wastes are decreased since the operators get the materials within the time frame.
The second enhancement is a Kanban pull system for this case. Lean production focuses on the fact that overproduction and surplus inventory conceal the inefficiency of operations. The pull system will make sure that materials are not replenished until there is actual demand by the following process. This saves on excess stock, storage expenses, and chances of being damaged or going out of date (Pitakaso et al., 2024). Communication is also enhanced via Kanban pull since one is able to see when they need to be replenished. Just-in-Time production theoretical models favour pull systems as they normalise the workflow and reveal the imbalances in the processes. The organisation manages root causes of transport, inventory and waiting waste in a structured and sustainable way by integrating the layout optimisation with the demand-driven replenishment.
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To improve the warehousing operation, two improvements are offered, which have been carefully chosen: the introduction of ABC inventory classification and layout optimisation, and the introduction of an integrated barcode scanning. The operations management theory and lean principles that emphasise flow efficiency and prevention of errors support these strategies.
The classification of ABC is based on the Pareto principle, according to which the proportion of products usually produces the greatest percentage of sales revenue. The warehouse minimises unnecessary movement and transportation wastes by targeting high-frequency (A category) items and putting them close to dispatch areas. This will directly solve the current issue of long walking distances that are witnessed (D'Adamo et al., 2022). The speed of picking is enhanced, and labour productivity is enhanced by the decreased walking time. It also lowers the fatigue of workers that can reduce the error levels. Theoretically, product placement is optimised to enhance the throughput and the efficiency of the value stream in general. Inventory strategic slotting should be done to make sure that storage space is positioned in line with the demand significance instead of being placed arbitrarily.
The second enhancement is the implementation of the barcode scanning technology that is incorporated into the warehouse management system. This is a strategy that aims at defect and over-processing wastes. Picking and data entry by human hands also increases the chances of delivering wrong products, which results in high returns and dissatisfaction to the customer. The lean quality theory is based on right-first-time performance and quality of source (Kang et al., 2022). Barcode scanning confirms items immediately at picking and packing, eliminating the possibility of human error. It also enhances real-time inventory accuracy, which reduces the waste of waiting that is generated due to stock gaps. Moreover, the digital tracking improves the performance monitoring and aids the continuous improvement initiative. Layout optimisation and barcode automation together enhance reliable operation, minimise waste and enhance the levels of services.
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Two suggestions can be given regarding the baked beans production process: the introduction of the pull-based system of production scheduling, which is backed by demand forecasting and the installation of the automated in-line quality inspection equipment. The choice of these strategies is based on the lean production theory and the total quality management principles.
One of the wastes in the existing operation was determined to be overproduction. According to lean theory, overproduction is the most serious waste as it creates more stocks, storage expenses and expires. A pull-based production system will make sure that the output is synchronised with the real demand in the market. With the help of proper forecasting information combined with production planning, the company would be able to modify the size of batches in terms of actual sales patterns (Zhang et al., 2022). This helps in the reduction of surpluses of finished products and decreases the cost of holding stock. Financially, cutting down on overproduction enhances the cash flow since the capital is not wasted in unsold inventory. Smaller batch sizes also enhance flexibility and enable quicker reaction to any change in consumer demand. Pull systems also reveal the inefficiencies that have been buried in the buffer stock.
The second weakness is the automated inspection of quality. For example, vision sensors and weight sensors. By following the in-line quality inspection strategies, holes in the cans not being filled, broken seals, wrong labels, etc., can be noticed right on the production line (Nepal et al., 2023). The lean theory focuses on inherent quality instead of inspection of the final product. The defective products are not allowed to pass through the system at an early stage, thus saving on the material waste and rework costs. Automated inspection also eliminates the waste of waiting associated with quality checks that are done manually. Strategically, having a consistent quality of products is a safety measure for brand reputation and adherence to food safety measures. Combined, the demand-driven scheduling and automated inspection will form a more stable, efficient, and cost-effective production system.
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Lean improvements involve investment of money, organisational dedication and successful change management. The suggested solutions to the materials handling, warehousing and baked beans production have long-term advantages, but there are direct and indirect expenses of each of the improvements. It should thus be the case to analyse both the financial consequences and the possible obstacles to successful implementation.
Redesigning the factory layout in the materials handling operation can be accompanied by high capital expenditure. These costs can be associated with the relocation of the storage rack, changes in floor markings, and the relocation of machines and probably the termination of production in the restructuring process. Consultancy charges could also be incurred in the case of outsourcing the services of an external specialist who would design the new layout. Implementation of the Kanban system presupposes the costs of visual management tools, training, and possibly digital tracking software. Nevertheless, these expenses must be matched with the break-even point in the financial condition (Kitole et al., 2024). The organisation can have increased productivity and lower operating costs in the long run if the waiting time is limited and unnecessary motion is minimised. One of the challenges in this segment is the resistance of employees to change. Employees might be confused regarding new systems, or they might be afraid of more control. Such a risk may be mitigated with the help of employing the staff, training, and open communication regarding the advantages of the lean practices.
The application of ABC classification in warehousing processes can demand data analysis programmes and time wasted in rearranging the distribution of stocks. Barcode scanning systems installation will entail the purchase of handheld scanners, upgrading the warehouse management system and employee training. Initial costs can be expensive, especially when it comes to large warehouses. It is also possible that there is a temporary interruption in the process of integrating systems (Jiang et al., 2023). During transition, technical problems like compatibility of software or system failure might lead to performance issues. The benefits, however, come in the long run, such as increased accuracy of picking, decreased return rate, and increased customer satisfaction. These advantages have the ability to achieve financial gains that are more than the investment. In order to address the implementation barriers, the management is recommended to use a stage-by-stage implementation process and give technical aid when implementing in the initial stages.
Automated inspection systems and demand forecasting software may be very expensive in baked beans production. High-tech sensors and vision systems are costly to capitalise and maintain. Moreover, the cost of adopting a new technology in a production line that has already been established might lead to interim closures. A smaller batch production using a pull system can also lead to a drop in output in the initial stage, and this can be worrying to the senior management. Nonetheless, minimisation of overproduction and waste related to defects enhances cost-effective operations in the long-run. Regulatory and food safety compliance may also be involved in the introduction of new equipment. These challenges can only be dealt with through proper planning of the project, pilot testing, and clear cost-benefit analysis. On the whole, lean gains necessitate short-term investment, but the future financial and operational benefits can warrant the implementation under the condition of strategic and organised management.
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