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2. Executive Summary
This report aims to describe the implementation of lean principles to three different business processes: textile manufacturing, warehousing of an online retailer, and the construction of an extension of a house. This paper aims to define and evaluate the seven wastes of lean, namely Transport, Inventory, Motion, Waiting, Overproduction, Over-processing, and Defects, through the TIMWOOD model. All the areas of operation were chosen to reflect a dissimilar form of process: manufacturing, logistics and project-based construction, which offers an overall view of waste in various business settings. The exploration identifies the expression of waste in every situation. In the textile production, there are inefficiencies caused by over-handling of materials, imbalanced production lines, and defects. Motion waste, inaccurate order picking and overstocking are the biggest issues in warehousing. In construction, delays due to transport, waiting for materials or approvals, as well as defects that arise due to incompetence, lead to inefficiency. The quantitative analysis indicates that these wastes can be quantitatively measured in terms of costs, labour efficiency, production output and customer satisfaction.
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[bookmark: _Toc223054743]5. Introduction
Lean thinking is a management operation strategy that aims at minimising waste and enhancing efficiency. The Toyota Production System was the first concept of lean management that Toyota Motor Corporation developed. Lean is primarily aimed at maximising customer value and reducing the level of resource utilisation. Lean singles out seven typical categories of waste that leave business operations less efficient. The memory of these wastes is captured by the TIMWOOD acronym, which is an abbreviation of Transport, Inventory, Motion, Waiting, Overproduction, Over-processing, and Defects. Through these wastes, organisations will be able to enhance productivity, lower the costs of operation and improve overall performance. The report explores the seven wastes of lean in three totally different areas of operation. The initial one is textile production, which is clothing production. The manufacturing of textiles goes through various processes like cutting of fabrics, stitching, assembly, checking quality and packaging. These works are mostly labour-intensive and involve coordination among various departments (Kumar et al., 2023). There are various types of waste for textile manufacturing companies, including waste of fabric stock, workers’ wastage, waiting between processes and flawed garments. These problems are capable of raising the cost of production and postponing orders of customers. The lean-based clothing production can be used to streamline the manufacturing process, minimise the risks of material wastage, and maximise the quality of products. The second one is in the warehousing business of an online store. One of the major components of e-commerce businesses is warehousing. It entails taking of goods, storage, taking of customer orders, packing goods, as well as delivery of goods. The customers require quick and efficient service, which exerts pressure on the operations of the warehouse. The wastes may, however, be caused by inefficient storage patterns, a large amount of stock, long distances that the pickers have to walk and errors in orders. These issues raise labour expenses and diminish customer satisfaction. The exploration of lean waste in warehousing can be used to enhance speed, precision, and costs. The third is the construction of an extension in a house. Construction projects and manufacturing are not similar, as construction projects are temporary and location-based. Nevertheless, the concepts of lean can be implemented. Construction of an extension is a planned process that includes purchasing materials, hiring contractors and carrying out the construction activities. The waste can be in the form of delays, poor scheduling, rework as a result of errors, waste of materials and unnecessary on-site movement. These issues increase the total cost of the projects and prolong the time of completion. Through lean thinking, construction projects will be able to enhance coordination, minimise delays, and utilise resources better. These three are manufacturing, logistics, and construction processes. By comparing them, a general picture of how lean waste may take place in various business settings and how it may be minimised by conducting systematic research can be understood. 
[bookmark: _Toc223054744]6. Problems
[bookmark: _Toc223054745]6.1 Textile Production
Under the textile manufacturing, the clothing manufacturing process encompasses fabric cutting, stitching, finishing, inspection and packaging of clothing. Working in most factories is structured into different departments. One part of the fabric is cut and then taken to the sewing lines. This generates wastage in transportation, whereby packages of pieces of fabric are transported many times before they are eventually assembled (Alsabt et al., 2024). Lack of sound layout design augments the internal traffic and time of handling. Wastes of inventory are prevalent in the manufacturing of clothes. Massive amounts of cloth, needles, and trimmings are kept away to prevent scarcity (Fayshal, 2024). Moreover, there is a build-up in work-in-progress inventory in between sewing processes, wherein one process is faster than another. Such an imbalance conceals inefficiencies and the expansion of storage spaces. Sometimes the operator may lack the needed tools, adjusting machines, or finding materials as a result of a lack of coordination among different types of resources and capabilities in the workstation. Waiting waste is the time that sewing operators will wait due to waiting to cut pieces, machine repair, or quality approval. Such delays lower the efficiency of the lines (Helm et al., 2022). Overproduction tends to occur when the garments are made in bulk, depending on the forecasts and not depending on the actual demand. This may result in unsold stocks at the season’s end. When there are no standardised quality measures, over-processing can be implemented as garments can be checked by different people on several occasions. Lastly, defects that include stitching mistakes, wrong sizing, or damaged fabric lead to rework or failed products. Rework causes a loss of labour cost and speed of production. All these wastes cut down productivity and profitability in clothing production.
[bookmark: _Toc223054746]6.2 Warehousing Business of an Internet Store
The warehouse work in the case of an online retailer involves delivery of goods, warehousing, and order picking, packing and shipping of goods. Storage facilities in most warehouses are not organised in terms of the frequency of demand. This introduces a lot of motion waste since pickers have to walk further distances in order to fetch items. The over walking enhances fatigue and decreases picking speed (Amato et al., 2024). Transport waste is also in case goods are transported many times between receiving, storage and packing areas. Wasteful internal transportation is caused by poor warehouse design and layout, absence of a clear process flow. The wastes associated with inventory are typical where business stocks a substantial quantity of safety stock to avoid stock-outs. Obsolete or slow-moving goods only take up good warehouse space and add holding costs. Meanwhile, poor forecasting can also result in the unavailability of high-demand products. Waiting waste is waiting that staffs wait on system updates, confirmation that the barcode has been scanned, or waiting for packing material. Delays in order processing are caused by delays in the IT system. Excess production can also become problematic as the organisation needs to pick up large quantities of goods, and then a large amount of traffic is created in the packing station. Over-processing problem occurs in case the items are repacked because the packaging is damaged or the labels are printed twice. Lastly, the defects occur when the wrong things are selected or delivered to the customers. This leads to refunds, returns and other handling expenses. These wastes directly influence efficiency and speed of delivery as well as customer satisfaction.
[bookmark: _Toc223054747]6.3 Construction of an Extension to a House
The construction project that involves designing, delivery of material, groundwork, structural construction, roofing and finishing is the construction of an extension on a house. Lean waste does exist in construction, unlike in project-based manufacturing. Transport waste occurs where transportation is done in phases and materials like bricks, cement, and timber are handled and transported over and over at the site, owing to a lack of space or inadequate planning. Repositioning materials increases labour time and risk of handling. Inventory waste is a scenario in which too much material is ordered to prevent a runout. Gravity may leave excess resources unutilised in the project, which raises the cost. Conversely, bad planning can also result in shortages, resulting in delays (Zakhilwal et al., 2024). The problem of motion waste is also experienced when there is poor organisation of the site, where workers are forced to walk long distances or even climb up and down in search of tools. Construction is associated with waste. Employees can be waiting on supplies, appliances, inspection or client decision. Weather conditions may also be a cause of increased downtime. Such a situation may happen due to overproduction, where some tasks are done before the deadline, and as such, rework would be necessary when adjustments are made. Such over-processing may occur when the work is repeated due to unclear specifications. Lastly, rework is caused by defects, which include wrong measurements, bad alignment of the bricks, or plumbing mistakes. Rework adds to the cost of labour and an increase in the duration of a project. These wastes have a great impact on the project cost, time and customer satisfaction.
[bookmark: _Toc223054748]7. Measuring the Occurring Wastes
[bookmark: _Toc223127704]Table 1: Measurement of the wastes
	Operation
	Waste Type
	Estimated Impact

	Textile Manufacturing (Clothing Production)
	Overproduction
	7% excess garments produced, leading to £35,000 annual storage and markdown losses

	Textile Manufacturing
	Defects
	5% of garments require rework due to stitching errors (£25,000 annual cost)

	Warehousing Operations for an Online Retailer
	Motion
	Pickers walk 12–15 km per shift, reducing productivity by 18% (£22,000 annual labour impact)

	Warehousing Operations
	Defects
	3% of orders returned due to picking errors (£33,600 yearly cost)

	Building an Extension on a House
	Waiting
	Delays due to material delivery, averaging 3 days per project (£1,200 per project loss)

	Building an Extension on a House
	Transport
	Excess movement of materials on-site, costing £1000 per project in labour/time

	Building an Extension on a House
	Inventory
	Over-ordering of bricks and cement, resulting in £1,700 tied up per project



Lean waste should be quantified to know the seriousness of the problems in each operation. Measurement enables the managers to observe the financial and operating effects of inefficiencies. In textile production, warehousing, and extension of a house, the time, cost, percentages, hours spent on labour, and the amount of material consumption can be used as measures of waste. In the textile production used to make clothes, overproduction may be determined by comparing the planned production with the real demand by customers. As an illustration, when 10000 garments are made in a month, and 9% are not sold, this can be considered as surplus stock and capital tied up. The quality inspection can be used to measure defects by the rejection rate (Bao et al., 2025). In case 5% of garments were unsuccessful because of the mistakes in the stitching or the flaws of the fabric, it means that the reworking should be paid for, and the material should be lost. The waiting waste can be noted by counting the machine downtime in minutes per shift, particularly when changing the thread or when the machine is undergoing maintenance. It can be represented in the warehousing process of an online retailer by measurements of motion waste given through the average distance of pickers covered throughout a shift. If workers take 14 kilometres a day to commute, and they are found to be walking 25% of it here, and analysis indicates that poor layout is the cause, then this lowers the productivity. Return rates can be used to measure defects. An illustration of this is that a 4% poor order rate per 15,000 orders per month translates to 600 returns, which add up to transport and handling expenses. The waste of inventory can be quantified by getting the storage costs of slow-moving inventory. Waste in the construction of an extension to a house may be quantified in terms of resource wastage and labour layups. When the quantities ordered in the form of bricks are 10% higher than the necessary quantity, then this implies inventory wastage. The waiting waste is quantifiable by monitoring the hours of idle labour as a result of material delivery delays. Construction defects lead to rework, and this can be measured as extra labour cost per project. These indicators are clear indications of inefficiency in operations.
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8. Recommendations
[bookmark: _Toc223127705]Table 2: Recommendations summery
	Operational Area
	Major Strategy 1 (Brief)
	Purpose of Strategy 1
	Major Strategy 2 (Brief)
	Purpose of Strategy 2

	Textile Manufacturing 
	Cellular manufacturing
	Lessens movement, transportation and waiting through enhancing manufacturing flow and workload equanimity among workstations.
	JIT material supply
	Cuts down on stock-out and overproduction through provision of fabrics and accessories on demand.

	Warehousing Operations
	ABC analysis 
	Reduces wastage of movement and transportation by bringing the fast-moving products near the packing stations.
	Integrated WMS with barcode scanning
	Minimises defects, waiting and overprocessing by means of real-time stock control and precise order picking.

	Building an Extension on a House
	CPM scheduling
	Lessens waiting and delays through enhancing the coordination among the construction activities.
	Standardised work procedures 
	Avoids defects, overworking and unnecessary inventory by maintaining uniform workmanship and delivery of materials in time.
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Two significant suggested areas of improvement in textile production are the use of cellular manufacturing and the line balancing of the process, along with the introduction of the Just-in-Time (JIT) system of materials delivery. The choices of these strategies are guided by the lean flow and waste reduction theories.
Cellular manufacturing restructures the production floor in such a way that the machines and the workers are grouped in product families instead of functional departments. Cutting, sewing, finishing and inspection in several clothing factories are isolated into big departments. This introduces the wastes of transport, waiting and motion since garments are moved in between the far sections (Qin et al., 2025). Workflow is made constant and can now be predicted more easily by the creation of production cells, where like processes can be clustered together. This is because line balancing takes care of the workload of workstations being similar, which minimises bottlenecks. In a theoretical sense, balanced flow minimises waiting time and inventory levels of work-in-progress. It also enhances quality accountability and enhances communication between workers.
The second enhancement is JIT supply of materials. Textile factories can hold huge amounts of fabric and accessories, and as a result, the inventory may hold surplus and get spoiled or become obsolete. JIT is such that only materials are sent to the production line when they are required and in the desired amount. The theory of lean justifies JIT since it minimises excess production and highlights the weaknesses of the planning. In cases where the inventory is low, the inefficiencies will be seen and fixed (Khairifa et al., 2025). Cellular manufacturing, combined with JIT enhances the flow of production, minimises the cost of storage, minimises the rate of defects and boosts efficiency in the entire production process of clothing.
[bookmark: _Toc223054751]8.2 Warehousing Processes of an Online Retailer.
In the case of warehousing, two recommendations can be made: optimisation of layout on the basis of demand analysis with the help of ABC and introduction of the Warehouse Management System (WfMC). Such approaches are based on the theory of operational efficiency and information precision.
ABC analysis groups the products based on the frequency of sales and the contribution to sales. The products with high demand will be close to the dispatch areas, and those with low demand will be further away (D'Adamo et al., 2022). This strategy is grounded on the Pareto principle that a few component items produce most of the activity. Motion and transport waste are minimised by locating fast-moving goods near packing stations. Less travel increases picking speed and minimises fatigue in workers. In theory, less wastage of movement enhances value-added time and general productivity.
The second enhancement is a built-in WMS with the assistance of barcode scanning. Manual tracking systems tend to produce defects, waiting time and over-processing. A WMS gives up-to-date information on stock and order status and location. The lean theory focuses on standardisation and visual control as a way of avoiding mistakes. Automated scanning makes sure that the item is chosen correctly and the rates of returns are lower (Khan et al., 2022). It also enhances the receiving, storage, and dispatch coordination. The physical layout optimisation coupled with the use of digital control systems will enhance the rate at which orders are executed at the warehouse, reduce the number of errors made and improve customer satisfaction. These enhancements deal with the causes of waste in a pre-organised and quantifiable manner.
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When a house extension is being constructed, two important improvements can be suggested: elaborate project scheduling, application of the critical path planning to the project and the adoption of the standardised work procedures in which the coordination of the suppliers is required. These are lean construction strategies and process integration theory. 
Critical Path Method (CPM) scheduling determines a progression of the activities that define the duration of the project. Waiting wastes are also common in the construction projects where poor coordination is experienced among trades, e.g. electricians, plumbers and bricklayers. Delays can be eliminated by explicitly charting task relationships and schedules. Lean theory is centred on flow and removal of interruptions (Koul et al., 2022). Logic in scheduling each activity will result in efficient use of resources and reduce the amount of downtime. This approach also enables the managers to determine high-risk activities and be able to allocate resources.
The second enhancement is standardised work procedures that are coupled with early involvement of suppliers. The construction projects are prone to defects and over-processing owing to poor workmanship or delay in material delivery. The standardisation procedures make sure that the work, which involves laying the foundation, building the wall and roofing, is maintained within the best practice guidelines. This makes the process of rework less and enhances quality consistency. Planning with suppliers will ensure that materials will be delivered when required, and less inventory and congestion will be generated at the location (Huang et al., 2022). Theoretically speaking, supplier involvement in the project planning fosters Just-in-Time and minimisation of variability. Organised planning and standardisation enhance performance in time, cost and the general efficiency of the project and reduce lean wastage in construction activities.
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In this part, the costs and implementation issues with the lean improvements are assessed in 3 various operational environments: textile manufacturing (clothing production), online retailer warehouse operations, and construction of a house extension. The attributes of each sector are different, but the lean enhancements of all three need financial investments, planning, and change management. One of the developments that has been made in the textile production is the establishment of a modular production system as opposed to bundle production. The employees are grouped in small teams arranged in a continuous flow through modular systems to complete garments. The price of such an adjustment is not only the reorganisation of sewing machines, the retraining of staff to work on several processes, but also the investment in new equipment to facilitate the production based on cells. There is the possibility of productivity going down as workers adapt to the new means (Madkhali et al., 2023). Employees who have been accustomed to doing one special activity might also resist. Nevertheless, the long term advantages are a decrease in inventory work in progress, shortening of lead times and better quality control. The other way in which this could be done is by putting in place real-time monitoring software for production. This demands the use of digital systems and training, yet enhances observation of bottlenecks and defects. The biggest issue is the necessity to guarantee proper data input and the interest of staff members in the system. Motion and waiting waste is a major area of waste that can be eliminated in the warehousing activities of an online retailer through the introduction of automated picking systems or conveyor technology. Nevertheless, automation is expensive in terms of capital requirements, such as purchasing machinery, setting up, and maintenance agreements. Installation may also be interrupted temporarily. The employees can be scared of losing a job, thus demoralising (Yao et al., 2024). This risk has to be addressed with efficient communication and redeployment strategies. Also, the use of demand forecasting software enhances inventory control, but it needs IT implementation and expert staff to handle the work of data analysis. Lean activities that can be applied in the construction of an extension to a house can be in the form of detailed project scheduling through the use of critical path techniques and improved coordination of suppliers. There are expenses incurred in the process of employing project management skills and time spent in planning before the commencement of construction. The contractors can express themselves against the well-organised scheduling in case they are accustomed to informal approaches. However, with better planning, the waiting time, shortage of materials and errors-induced rework are minimised. Although lean construction methods entail discipline and coordination, they minimise delays and the cost of the entire project from a long-term perspective.
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