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[bookmark: _Toc240149210]Executive Summary
Three different approaches to waste reduction are strategically considered for warehousing, discrete textile manufacturing and continuous food production. Waste of physical movement and wasting time are precisely measured and clearly identified to reveal significant inefficiencies in the supply chain. To overcome the identified issues, standardised work procedure and advanced quality control system are strongly recommended. The planners are realistic in their acceptance of the implementation disruption of these facility changes in the short-term. So, through this process, financial sustainability is achieved over the long term when operational shortcomings and material damage are significantly reduced.
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The first environment chosen is a warehousing task of an e-commerce retailer. Logistics is a very fast-paced environment where everything is about getting these things here, putting them in storage, picking them up, packing and then getting them dispatched. The company has been carefully selected as it operates in a dynamic logistics and supply chain environment that's different from manufacturing. Rapid order fulfilment is the key to customer satisfaction in an e-commerce business. This is an ideal micro sample of material handling and order picking, allowing Lean Six Sigma principles to be used to examine how the elimination of waste in these activities can directly affect cycle time and service delivery using a high-volume distribution network.
[bookmark: _3n0mcy7zj11c][bookmark: _Toc240149213]Textile Manufacturing Operation Producing Clothes
The second target is a textile production place which is making clothes. This setting was chosen as an example of a discrete manufacturing facility, which is a factory with clearly identifiable production stages. Operation highlights include fabric cutting, sewing, inspection, moving material from one workstation to another and handling finished goods. The textile industry is traditionally labour-intensive and subject to batch and queue processing, so it can often suffer from bottlenecks, excessive work in progress and rework. Study of this operation reveals the application of Lean Six Sigma (Six Sigma) concepts to coordinate manual processes, balance the lines and ensure excellent quality at the source in a multi-stage discrete manufacturing facility.
[bookmark: _m5oy4rfv8c7c][bookmark: _Toc240149214]Food Production- Baked Beans
The third chosen site is a food production site that produces baked beans. This environment has been carefully selected to highlight the route of continuous process manufacturing, which is quite different to discrete manufacturing and logistics. Topics under investigation include raw material handling, preparation, cooking, filling, sealing, packaging and inspection. Food processing is highly regulated by both health and safety guidelines, and there could be a lot of waste because of product spoilage, process variation or non-compliance with the guidelines. The use of Lean Six Sigma in this automated, high-volume environment demonstrates how to eliminate over-processing while reducing equipment downtime to improve continuous flows, minimise losses of material and ensure high quality control standards are met.
[bookmark: _Toc240149215]Waste Investigation
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Current Process
The current warehousing process starts at the receiving dock, where goods are unloaded from trucks. Items are unloaded, inspected and stored according to product demand by staff before being moved to storage aisles. Picking staff roam the aisles when a customer orders something to get the correct items. The items are next transferred to a packing station where they are boxed, closed, and labelled. Lastly, the packages are set in the dispatch zone for pickup by the outbound carriers to the customer (Năstase et al. 2023).
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(Source: Self-made in draw.io)
Figure 1 shows the sequence by which the goods are moved in a system. It highlights receiving, storage, picking, packing, and dispatch activities of an online retailer. 
TIMWOOD Waste Investigation
Applying the TIMWOOD framework reveals multiple inefficiencies within the warehouse workflow, identifying key areas where non-value-added activities occur (Habib and Hassanein, 2023).
	Waste
	Warehouse Examples

	Transportation
	Moving goods excessively between receiving, storage, picking, packing and dispatch zones.

	Inventory
	Holding excess stock that occupies warehouse space and increases storage requirements.

	Motion
	Unnecessary walking and searching by picking staff when retrieving customer orders.

	Waiting
	Packers waiting for picked items, replenishment or stock availability.

	Overproduction
	Picking or preparing items before they are required for customer orders or dispatch.

	Overprocessing
	Repeated scanning, checking or recording of the same item or order.

	Defects
	Picking incorrect items, quantities or products, resulting in corrections and rework.


[bookmark: _krulohukrwu4][bookmark: _Toc240147680]Table 1: TIMWOOD Waste Identification – Online Retail Warehouse
(Source: Self-made)
The table identifies the seven types of Lean waste occurring within the online retail warehouse. This links each TIMWOOD category to a specific example from receiving, storage, picking, packing and dispatch activities.
Two Priority Waste Areas
· Motion is one of the two most urgent waste areas that needs urgency which occurs in the warehouse environment. The need to reduce motion is critical, because picking to bring motion to staff sends good orders to the detriment of labour costs, since each unnecessary walk is an additional sum to be paid. From an operational point of view, it is important to minimise this movement (Adeodu et al. 2023). 
· Waiting can be as much of a problem too, as waiting time for picked items and idle labour time when stock is being replenished adds no customer value (Năstase et al. 2023). 
[bookmark: _3xp26775p97][bookmark: _Toc240149217]Textile Manufacturing Operation: Producing Clothes 
Current Process
The primary processes in textile manufacturing start with receiving raw fabric. The material is delivered to the cutting area, is layered, and cut into garment patterns. These combined units are carried to the sewing area where a series of operators form the garments (Sheel, 2025). After being assembled, clothing is subjected to quality checking to verify that the stitching is correct. Appropriate dress is taken to the completion station where it is ironed and folded. Finally, the completed garments are packed and moved to the finished goods room for dispatch (Issa, 2026).
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[bookmark: _lwl0jgt2ak7][bookmark: _Toc240147642]Figure 2: Textile Manufacturing Process Flow
(Source: Self-made in draw.io)
The diagram shown in Figure 2 maps the discrete manufacturing stages for clothing production. It tracks fabric from cutting through to final packaging in a manufacturing operation. 
TIMWOOD Waste Investigation
Evaluating the textile operation using the TIMWOOD framework identifies several specific non-value-added activities that disrupt the overall manufacturing flow (Hameed et al. 2024).
	Waste
	Textile Manufacturing Examples

	Transportation
	Moving fabric batches and semi-finished garments unnecessarily between departments.

	Inventory
	Excess work-in-progress accumulating between cutting, sewing and inspection stages.

	Motion
	Operators making unnecessary movements or reaching repeatedly to collect materials and tools.

	Waiting
	Operators remaining idle while waiting for materials, previous production stages or inspections.

	Overproduction
	Producing garments before confirmed customer demand or production requirements.

	Overprocessing
	Repeated inspections, unnecessary finishing activities or avoidable rework.

	Defects
	Incorrect stitching, sizing errors, fabric damage or other garment quality problems.


[bookmark: _43nwxj6vvfac][bookmark: _Toc240147681]Table 2: TIMWOOD Waste Identification in Textile Manufacturing
(Source: Self-made)
The table presents the seven TIMWOOD wastes identified in the textile manufacturing process. Each waste category is associated with a specific activity that can reduce production efficiency, increase costs or disrupt garment flow.
Two Priority Waste Areas
· Defects, such as improper stitching or fabric damage, can significantly affect productivity by increasing rework costs or even requiring material scraps. Every defect reduces product quality or slows delivery (Sheel, 2025). 
· The second critical priority is waiting, in which unbalanced sewing lines often result in excessive work-in-progress and idle operators. There are no waiting phases in the cutting and sewing process, so garments are produced continuously (Hameed et al. 2024). 
[bookmark: _emtuwemunsb][bookmark: _Toc240149218]Food Production – Baked Beans
Current Process
Production runs for baked beans begin with receiving and quality control of the raw beans and tomato paste. The beans are prepared to be cleaned, soaked, blanched and more (Hoces-Antesana and Guerrero-Villa, 2024).. At the same time, the tomato sauce is prepared. Beans and sauce are automatically fed to filling machines and fed into the canning cell. These cans are sealed as soon as they have been placed in the cans and are then passed through several pressure cookers for final cooking and sterilisation (Al-dalain, 2026). The cans go through a labelling machine once they cool, then they are shrink-wrapped together in multi-packs and palletised for shipping.
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(Source: Self-made in draw.io)
Figure 3 illustrates the continuous process of manufacturing baked beans. It details the steps from raw preparation to packaging in a food production house.
TIMWOOD Waste Investigation
Applying the TIMWOOD framework to the food production process highlights various areas of operational waste that hinder continuous flow (McDermott et al. 2024).
	Waste
	Food Production Examples

	Transportation
	Unnecessary movement of beans, sauce ingredients, cans and packaging materials between processing areas.

	Inventory
	Excess raw materials, packaging materials, work-in-progress or finished baked beans awaiting dispatch.

	Motion
	Unnecessary operator movement around production lines to obtain materials, tools or information.

	Waiting
	Delays while waiting for filling, cooking, cooling, inspection or packaging stages.

	Overproduction
	Producing quantities beyond current customer orders or production requirements.

	Overprocessing
	Redundant quality checks, unnecessary processing or excessively long cooking and handling activities.

	Defects
	Spillage, incorrect filling volumes, poor sealing, damaged cans or labelling errors.


[bookmark: _lm4rfc4b6b7l][bookmark: _Toc240147682]Table 3: TIMWOOD Waste Identification in Baked Beans Production
(Source: Self-made)
The table identifies the seven TIMWOOD wastes within the baked beans production process. This shows examples of non-value-added activities associated with raw materials, processing, filling, cooking, inspection and packaging.
Two Priority Waste Areas
· Excessive processing, extra quality checks, unnecessary cooking times, anything that was not necessary, wastes energy and labour resources. This inefficiency directly results in an increase in production costs (Dabic-Miletic, 2025). 
· Defects are also important problems, such as product spillage, the wrong fill volume, or damaged cans, which cause high rejection rates and material losses. Defective products also represent serious issues on the food safety aspect (Hoces-Antesana and Guerrero-Villa, 2024). 
[bookmark: _Toc240149219]Waste Quantification
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The size of the warehousing problem has to be determined by measuring the priority wastes (motion and waiting) by tangible measures. The cycle time analysis is a method for comparing value-added work time with non-value-added waiting time (Adeodu et al. 2023). Walking distance per order and average time spent on order picking saves when the employee is too far walking quantifies this painfully bad operational effect (Năstase et al. 2023). Also, the waiting time for order packing/stock replenishment can be measured to determine the estimated time lost in a typical shift. The facility can then convert these frequencies and time-loss measures into dollars and derive an accurate monetary measure of the cost of these identified wastes, thus allowing a baseline to define the steps needed to improve waste from these sources (Adeodu et al. 2023).
	Waste
	Indicator
	Current
	Loss

	Motion
	Walking distance per order
	120 m
	£20,000

	Waiting
	Idle time
	30 min/shift
	400 hrs


[bookmark: _69cvs12kvwxh][bookmark: _Toc240147683]Table 4: Quantification of Warehouse Waste
(Source: Self-made)
Table 4 shows the two priority wastes identified in the online retail warehouse by measuring employee movement and waiting time. The indicators establish the current level of waste and its associated operational or financial loss.
[bookmark: _c0vbboqj5up6][bookmark: _Toc240149221]Quantification of Textile Manufacturing Waste
Defects and waiting are two core wastes of a textile manufacturing operation that require quantification to assess their true impact on productivity, quality, and delivery performance. One way to determine the seriousness of these issues is to monitor the number of defects generated per batch of garments as well as the percentage of rework (Issa, 2026). These defect types are measured as costs of internal failure of product or waste in materials and labour. At the same time, measuring the gap time between sequential production and the work-in-progress quantity(s) shows significant workflow blockages. The operation can record these measurable indicators and determine the operational and financial impact of the waste selected, which serves as evidence for intervention (Sheel, 2025).
	Waste
	Indicator
	Current
	Loss

	Defects
	Rework percentage
	8%
	£35,000

	Waiting
	WIP quantity
	400 units
	600 hrs


[bookmark: _s1eo0079mzsb][bookmark: _Toc240147684]Table 5: Quantification of Textile Manufacturing Waste
(Source: Self-made)
Table 5 shows defects and waiting scenario within the textile manufacturing operation. Rework percentage and work-in-progress levels provide measurable evidence of quality losses and production delays.
[bookmark: _6rgjbpvv50cj][bookmark: _Toc240149222]Quantification of Food Production Waste
Food-production efficiency, quality and cost considerations are related to over-processing and defects in the baked beans plant. Excess processing time and repeated unnecessary inspections during cooking stages are evaluated, and steps are taken to correct waste (Dabic-Miletic, 2025). Defects are measured on the overall product, the proportion of products that must be rejected, and the losses from specific materials or ingredients from the product arising from spillage. These defects are internal failure costs which are detrimental to profits. The plant will be able to analyse this essential information and calculate the estimated annual or monthly financial losses (McDermott et al. 2024). Measuring these metrics will confirm that the operational impacts are fully understood, prior to making any targeted improvements.
	Waste
	Indicator
	Current
	Loss

	Overprocessing
	Extra processing time
	10 min/batch
	£25,000

	Defects
	Can rejection rate
	4%
	£40,000


[bookmark: _9dyanmz5eevr][bookmark: _Toc240147685]Table 6: Quantification of Food Production Waste
(Source: Self-made)
The table highlights overprocessing and defects in the baked beans production process. Extra processing time and can rejection rates indicate the extent of unnecessary processing, material losses and quality-related costs.
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[bookmark: _wao4uz49etkq][bookmark: _Toc240147644]Figure 4: Comparison of Waste Levels
(Source: Self-made in draw.io)
The figure compares the relative financial impact of the priority wastes identified across the warehouse, textile and food-production operations. The colour coding distinguishes the intervention priority, with green representing low priority, yellow representing medium priority, and red representing high priority.
The use of a common basis through a cross-business comparison allows quantification of wastes from the three businesses to be compared and the largest waste operational impacts to be shown. The evaluation matrices show the transition from the waste frequency to the time lost, the amount lost, cost impact and assigned priority. The high overall intervention priority of food production defects is then credible, given their internal failure costs and unrecoverable damages in the form of material scrap that accompany their very high defect frequencies in the warehouse.
	Business
	Waste
	Time
	Cost
	Priority

	Warehouse
	Motion
	400 hrs
	£20k
	Low 

	Textile
	Defects
	600 hrs
	£35k
	Medium 

	Food
	Defects
	10 hrs
	£40k
	High 


[bookmark: _o82fj9m3i3zj][bookmark: _Toc240147686]Table 7: Overall Comparison of Proposed Improvements
(Source: Self-made)
The table provides a cross-business comparison of the identified priority wastes using time, cost and priority indicators. It establishes a common basis for determining which waste requires the greatest level of intervention.
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Improvement 1: Reduce Motion 
The first enhancement is suggested to minimise employee motion at the warehouse. The warehouse layout is improved by management in order to effectively reduce unnecessary physical movement.  ABC-based storage systems are implemented by the facility to decrease the total walking distance significantly (Rahman and Kirby, 2024). The newly designed layout has a positive impact on order accuracy and effectively reduces employee fatigue. 
Improvement 2: Reduce Waiting 
The second improvement is assessed to be highly significant in achieving an almost complete elimination of idle waiting time by highly coordinated operational workflows. Warehouse managers also improve coordination to ensure a very smooth, continuous flow (Batarlienė and Jarašūnienė, 2024). Staff use visual management tools to immediately recognise and address any operational issues. These changes have a positive impact on labour productivity because workers' waiting time is drastically cut down each day. 
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Improvement 1: Reduce Defects 
The first improvement is estimated to be the reduction in serious defects that occur in garments by adopting a standard approach to quality control. The garment defect rate is greatly reduced by introducing standardised work instructions by production managers. The quality-at-source inspection method is applied by the facility to identify the risky stitching defects at an early stage. The quality team uses root cause analysis to completely remove the ongoing fabric damage problems. 
Improvement 2: Reduce Waiting 
The second textile improvement proposed involves a substantial decrease in the waiting time of the operators by adding line balancing. Production line balancing is improved by the manufacturing engineers to seamlessly maintain a continuous garment workflow (Quiroz-Cueva et al. 2026). The logistics team guarantees the availability of the materials, ensuring that there is no waiting for the materials. The planners optimise production scheduling to achieve the complete elimination of excess work-in-progress inventory. 
[bookmark: _k0idhv4b6gax][bookmark: _Toc240149227]Improvements for Baked Beans Production 
Improvement 1: Reduce Overprocessing
The first food production improvement is assessed and is successful in reducing over-processing waste through standard operating procedures. The quality team systematically reviews production and inspection activities to detail process mapping techniques (Papanikolaou et al. 2024). The facility managers introduce standardised operational procedures with great rigour to effectively remove redundant cooking checks. The factory can effectively reduce unnecessary material processing, and continuous large-scale energy savings are realised. Some constraints are observed regarding the Start-up Equipment Calibration Times for the new processing standards.
Improvement 2: Reduce Defects 
The second food production enhancement is added to drastically decrease the can rejection rates with the help of automated monitoring. The engineering team is proactively implementing enhanced quality control mechanisms to reduce defects in products and the resulting expenses. The maintenance personnel strategically place the process monitoring equipment to ensure that no product is spilt. The quality department uses root cause analysis extensively to uncover and remove deep-seated equipment issues. There is a significant decrease in the amount of material loss, while the overall food quality implications are positively controlled by the supervisors.
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The facility management team performs careful analysis of the improvement costs in the warehouse and other potential issues.
Improvement Cost
· A lot of capital is invested in the organisation to ensure that the storage systems are suitably modified.
· The leadership proactively deals with employee resistance to new working practices to ensure smooth transitions.
· The financial investments are continually monitored by the planners, and the logistics budget is maintained (Voronova, 2022) .
Issue
· The first issue is that the warehouse is bound to suffer temporary disruption when it is being reconfigured.
· The second issue is that there is a high level of employee resistance to new working practices, which is often manifested by employees.
[bookmark: _3zk22w8mbcsh][bookmark: _Toc240149230]Textile Manufacturing Improvement Cost and Issue
A detailed feasibility study of the costs of improving the production of textiles and the problems of implementing the improvements is highlighted.
Improvement Cost
· High training costs are incurred by the factory so that the standardised work instructions are adopted.
· The purchasing department buys new quality control equipment to make sure that defects are detected (Butturi et al. 2025).
· The planners carefully monitor the variability of supplier materials since a continuous operation of the process is desired.
Issue
· Unfortunately, the facility is facing temporary production disruption as the production lines are being properly balanced.
· The second problem is that the factory is considering some material variations from suppliers in the manufacturing process.
[bookmark: _c5dzymcc0epp][bookmark: _Toc240149231]Food Production Improvement Costs and Issues 
The directors are critically working on the implementation issues and production improvement costs in the baked beans production.
Improvement Cost
· Advanced process monitoring equipment is strategically acquired by the plant so that quality control is enhanced (Diaz et al. 2023).
· Specialized employee training is heavily provided by the organization because the new safety systems are introduced.
· The entire financial outlay is closely monitored by the bookkeepers to ensure that profitability is maintained.
Issue
· The first issue is that the auditors very strictly scrutinise the hygienic conditions during remodelling.
· The other problem is that the production line is temporarily shut down at the facility when installing the machines.
[bookmark: _1964fw9invbx][bookmark: _Toc240149232]Cost-Benefit Evaluation 
The management has a detailed financial cost-benefit analysis which is systematically carried out to justify the proposed operational improvement. Financial analysts compare the estimated implementation costs with the labour time savings that are expected. The factories are able to reduce material waste to a certain extent, and the initial investment will be recovered in a short period of time. With the complete elimination of unnecessary waiting times, the supervisors have a clear idea of increased productivity. The businesses make a conscious effort to improve customer service with very high order accuracy. The executives use a detailed financial matrix to understand which operational improvements are prioritised.
[bookmark: _av37ywpc8a7o][bookmark: _Toc240149233]Conclusion
Three different business operating environments are used to illustrate the successful implementation of Lean Six Sigma principles. The significant operational wastes are identified by management teams with the help of the all-encompassing TIMWOOD analytical framework. Continuous improvement strategies are suggested to remove severe productivity bottlenecks permanently. Significant capital costs are weighed against the expected labour time savings and material savings. The facilities ensure that quality standards are fulfilled, so process efficiency is improved in the end. These particular lean methods are strictly adhered to by businesses to provide maximum customer satisfaction.
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