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[bookmark: _Toc224220260]Executive Summary
In the following report, the main principles of Lean Six Sigma are used to explore the seven wastes (TIMWOOD) in three different operational scenarios, i.e. in materials handling department in the production process, warehouse operations of an online store, and in a textile factory. The main point to prove is systematic knowledge of identifying waste, its quantification, and providing the proposal of specific improvements. The analysis of each area showed that there are considerable opportunities to improve its operations. In materials handling, there was too much transportation and movement that was measured by undue travel distance and walking time by an operator. Some of the suggested areas of improvement are route rationalisation and adoption of supermarket/kitting system. The excess inventory and waiting conditions were considered as waste in warehousing; the level of high inventory turnover ratios and delays in receiving orders. The solutions are aimed at the introduction of dynamic slotting regime and goods-in visual management board. Lastly, the wastes prevalent in the textile production industry were defects and over processing which were measured by low formulation of defect rates and process steps that were not producing any value. The enhancements aim at the actual problem of defects by use of a Single Minute Exchange of Die (SMED) drill and development of standard work instructions. Each offered suggestion is followed by a set of cost-benefit analysis and the reflection on the possible barriers to implementation, including initial costs of investments and staff resistance to changes. The report concludes that structured utilization of Lean Six Sigma tools would provide a transferable and strong methodology to support the continual improvement, cut down of waste and improve operational delivery in different business areas. This analysis highlights that even though the nature of waste may vary depending on context, the guidelines of its identification and elimination are universally applicable.
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[bookmark: _Toc224220261]Introduction
Lean Six Sigma is a great approach that uses the waste-cutting emphasis of Lean and the variability-cutting emphasis of Six Sigma to propel organizations to keep on improving and attaining operational excellence. The major element of the Lean philosophy is the recognition and the removal of what is referred to in the Japanese language as Muda, which means waste. These wastes are commonly categorised using the acronym TIMWOOD: Transport, Inventory, Motion, Waiting, Overprocessing, Overproduction, and Defects (Klimecka-Tatar, 2024). 
This report seeks to use this framework to three entirely different fields of business operation as mandated by the module brief. Three examples that were chosen to be analysed in great depth are:
1. Materials handling in a production set up: Direction is put on how the raw materials, work-in-progress (WIP) and finished products move in a factory.
2. Warehousing Opportunities with an Online Retailer: A case study of the operations of receiving, storing, picking, packing, and shipping items in a high paced e-cargo fulfilment centre.
3. Textile Manufacturing Operation Making Clothes: Stages are analysed in a clothing factory work line that cuts fabric, weavers, garment sewing, dyers and dyed clothing refolds.
In relation to every case, the present report will establish where wastes are taking place and measure the magnitude of the problem, speaking out certain areas of enhancement, as well as examine the expenses and challenges that may appear in the course of implementing the mentioned improvements.
[bookmark: _Toc224220262]Investigation into the types of wastes occurring
Under this section, the TIMWOOD acronym is utilized in diagnosing the specific types of wastes existing in each of the three operational settings that have been selected.
[bookmark: _Toc224220263]Handling of Materials in a Production Industry
Materials handling can be an important point of non-value-added activity in a standard batch-and-queue manufacturing facility.
1. Transport: This is the apparent waste. Forklift trucks and drivers are incessantly shuffling raw materials on receiving to central warehouse, to the staging area, and to a production line. Complete products are transferred to another warehouse. This establishes an intricate long-distance circulation.
2. Motions: all operators on the production line end up wasting time to walk or walk back to pallets of components to get the correct tools, walk to a central computer terminal to record the production. This is rubbish motion, it does not add any value to the product.
3. Inventory: Due to the bad balancing of a production line or due to the large size of a batch, there can be excessive work in progress (WIP) inventory accumulating between production steps. Even this WIP will need further materials handling to transport it to different places forming a vicious cycle (Hemalatha et al. 2021).
4. Waiting: Production operators might also need to wait until a forklift operator arrives with the next group of materials, which results in downtime and low labour productivity.
5. Overprocessing: In other scenarios the components may be transferred to a central point to be inspected to quality, and then returned to the working line, which is an unneeded transport process which could be removed by maintaining in-process inspection.
[bookmark: _Toc224220264]Warehousing Solutions of an online retailer
Warehousing is a hot spot of wastes because of the pressure to fulfill e-commerce tasks fast and accurately.
1. Inventory: A high level of the slow-moving dead stock of the inventory is a capital-consuming package that takes a space worth warehousing. This tends to be the outcome of ineffective foresight in the demand.
2. Waiting: Pickers may wait because barcodes are not scanned immediately because of delay in the system, or they can wait because by the time they get to the forward pick area stock is out of stock and must be brought. Goods-in may also be held awaiting put-away.
3. Motion: When there is poor slotting (where items are found) pickers have to travel long distances to fulfil an order. This motion wastage is dire in the event that quick moving products are scattered throughout the warehouse (Khullar, 2021).
4. Transport: This is just as motion except that it pertains to the movement of goods. This involves unneeded movements of forklifts to store the items in crazy positions.
5. Defects: A picking error (incorrect size, colour, or item) translates into a return, followed by further transportation, inspection and repacking, a very expensive reverse logistics process (Faridzi, 2023).
[bookmark: _Toc224220265]Textile Manufacturing Operation Producing Clothes
Textile production consists of a series of several steps making numerous opportunities of wastes.
1. Defects: This is a severe waste in textiles. Defects in the fabric (e.g., failure to take up a dye, holes), or assembly (e.g., wrong stitching, inaccurate patterns) result into rework or scrap. An error that was found during the manufacturing of a shirt, such as on a completed shirt, is extremely expensive compared to identifying the error during the cutting process.
2. Overprocessing: This could be contributing a redundant doubled stitch to a seam that does not actually need it to be held together, and this is waiving thread and machine time. The other is ironing clothes at several stages during which only one final ironing can be used.
3. Inventory: It is typical to have huge stacks of cut fabric piles (WIP) sitting between the cutting room and the sewing lines. Not only does this consume space, but there is a chance that it will get dirty or wrinkled.
4. Waiting: The operators of sewing machines might have to wait until the last operation next production operation has completed its batch before they can begin working, and as a result, some lines might be longer than others.
5. Motion: The operator can be required to walk to a central location to pick up new packets of work or drop-off finished packets and leave their machines.
[bookmark: _Toc224220266]Quantification of the Wastes Occurring
Waste should be quantified to determine its actual effects. Quantification gives the information on which improvement projects can be based upon.
[bookmark: _Toc224220267]Materials Handling: Measuring Transport and Motion
A medium sized engineering firm was studied.
Methodology:  it was identified by observing three forklift truck routes during a normal shift of three hours (8 hours). At the same time, walking patterns of five assembly line operators were observed and timed.
[bookmark: _GoBack]Findings: Table 1 demonstrates that the analysis has revealed the presence of non-value-added activity.
Table 1: Quantification of Wastes in Materials Handling
	Waste Type
	Metric
	Current State Value
	Impact

	Transport
	Total Forklift Travel Distance
	48 km per shift
	High fuel/energy use, wear & tear, congestion, safety risk.

	
	Average Forklift Load Factor
	45%
	Trucks often travel half-empty, wasting capacity.

	Motion
	Total Operator Walk Time (per person/shift)
	75 minutes
	15.6% of a shift spent walking, not assembling.

	
	Number of walks to find tools/materials
	18 per operator, per shift
	Indicates poor workplace organisation (5S).


[bookmark: _Toc224220268]Warehousing: Quantifying Inventory and Waiting
A medium-sized warehouse e-commerce was analysed.
Methodology: Inventory data was obtained out of the Warehouse Management System (WMS). The time on which the orders were processed was recorded and time in motion study carried out in picking operation that exceeded a period of one week.
Findings: The data indicated the problem in both inventory and process flow, as shown in Table 2.
Table 2: Quantification of Wastes in Warehousing Operations
	Waste Type
	Metric
	Current State Value
	Impact

	Inventory
	Inventory Turnover Ratio (for "C" class items)
	1.2 turns/year
	Capital tied up in slow-moving stock; high storage costs.

	
	Percentage of items not moved in > 6 months
	18%
	Identifies significant "dead stock".

	Waiting
	Average Order Processing Time (Receipt to Dispatch)
	4.5 hours
	Delays affect customer promise.

	
	Picker Waiting Time (per shift)
	20 minutes
	Caused by WMS lag and waiting for replenishment (Shahla & Zeyu, 2025).


[bookmark: _Toc224220269]Textile Manufacturing: Quantifying Defects and Overprocessing
Quality and process audit was carried out at a garment factory.
Methodology: The quality control records in the past three months were reviewed. The manufacturing procedure of a plain t-shirt was charted in order to determine all the procedures.
Findings: Table 3 summarised the findings of defects being a significant cost driver and the process map showing unwarranted steps.
Table 3: Quantification of Wastes in Textile Manufacturing
	Waste Type
	Metric
	Current State Value
	Impact

	Defects
	First Pass Yield (FPY)
	85%
	15% of items require rework or are scrapped.

	
	Rework Cost as % of Total Labour Cost
	8%
	Significant labour hours are wasted fixing mistakes.

	
	Top Defect: "Crooked Seams"
	45% of all defects
	Indicates a need for operator training or equipment calibration.

	Overprocessing
	Number of ironing steps
	3 (after cutting, after sewing sub-assemblies, after final assembly)
	2 of these steps could potentially be eliminated.


[bookmark: _Toc224220270]Evaluation of Improvements that Need to be Made
According to quantified waste, certain amendments are put forward on every operation.
[bookmark: _Toc224220271]Improvement in materials handling
There are two aspects of improvement that are identified:
Rationalisation of Routes and Milk Runs (Tackling Transport): Replace an on-demand approach to forklift trips, where each trip is ad-hoc, with a scheduled milk run system (Meyer, 2017). Specialized tugger train would be used, which would operate in a fixed route and timetable, transporting the material and picking of completed goods after constants (e.g., every 30 minutes). This amalgamates transport, elevates load elements and provides an easily predictable and visual circulation.
Point-of-Use Storage and 5S (Tackling Motion) (Ramdass, 2015): Ground based storage of frequently used parts every assembly line to a supermarket. Shadows and arm reach tools should be shadow-boarded and must be where they are needed. It is one of the fundamental applications of 5S (Sort, Set in Order, Shine, Standardise, Sustain). The 75 minutes of daily walking time will be translated into a value-added assembly work, by developing a standardised and organised workspace.
[bookmark: _Toc224220272]Warehousing Improvements
Two different points of improvement are mentioned:
Dynamic Slotting (Tackling Motion and Inventory): Re-structure the warehouse on the basis of product velocity. The fastest moving (A-class) products must be shifted to most convenient places in the front of the warehouse preferably in a gold zone at waist to shoulders height. This practice is not a single procedure, and the WMS must be made to propose slotting adjustments depending on real demand trends. This has a direct effect of minimizing picker travel time and it assists in identifying slow stock to be cleared.
Visual Goods-In Management (Addressing Waiting): Use a massive white board (visual) in the goods in area. The board displays the supplier, expected time and the current status of all scheduled deliveries (e.g. Expected, Docked, Inspected, Put-Away). This causes the delays and priorities to be visible instantly to the whole team, so the supervisor can avail resources ahead of the game to avoid the bottlenecks and waiting.
[bookmark: _Toc224220273]Improvements in Textile Manufacturing
There are two main areas where improvement is noted:
Root Cause Analysis and Standardised Work (Tackling Defects): A Six Sigma DMAIC (Define, Measure, Analyse, Improve, Control) strategy should be used to address the root cause of a defect of crooked seams. Root causes would be identified with the help of a fishbone diagram (poor lighting, untrained operator, worn-out machine foot, etc.). The major enhancement would involve development and strict enforcement of standardised work instructions, to have clear visual layouts of the most critical sewing operations.
Style Changeover SMED (Reducing Overprocessing and Waiting): Use Single Minute Exchange of Die (SMED) to decrease the time used in changing machines between various clothing styles. Changeover time can be reduced by several factors by changing the way in which internal setup (job performed when machine is not running) is changed to external setup (job performed when machine is running). This enables reduced batch sizes, thus less WIP inventory and waiting, and done with perceived necessity of overprocessing as a way to make long production batches worthwhile.
[bookmark: _Toc224220274]Consideration of Costs and Potential Implementation Issues
All improvements come with costs and possible opposition that should be dealt with.
[bookmark: _Toc224220275]Materials Handling: Costs and Obstacles
Costs of Improvements:
· Milk Run System: Wagons and tugger train cost (£15,000 - £30,000). Planning and training drivers.
· Point-of-Use Storage: Shelf, bin and shadow board cost at every work station (£500- £2,000/line). Man, hours to sort, clear and reorganize the area.
Potential Obstacles:
· Opposition by Forklift Drivers: Drivers might be unwilling to change to a structured schedule, as they could be losing control.
· Change Management:
· Milk run: The first implementation of milk run can become disruptive unless well planned.
· Space Limitation: There might be congestion of the factory floor and point-of-use supermarkets will be hard to establish.
Management of Obstacles:
· Engage the drivers in strategy of the milk run routes to achieve buy-in.
· Run pilot programs on either line or zone basis to test benefits prior to a complete rollout. Discuss how the change will decrease their levels of stress as well as make their work safer.
· With Value Stream Mapping justify the floor space liberation with decreasing the WIP inventory.
[bookmark: _Toc224220276]Warehousing: Expenditures and Challenges
Costs of Improvements:
· Dynamic Slotting: This is above all a software (WMS module upgrade) cost that may be £5,000 - £20,000. Initial physical relocation of goods labour.
· Visual Management Board: cheap (£100 - £300 of a whiteboard and markers). The main expenditure is time of the supervisor to sustain it.
Potential Obstacles:
· WMS Limitations: The current WMS is not fully capable of addressing dynamic slotting.
· Short-Term Disruption: Slotting will temporarily disrupt normal picking operations.
· Absence of Discipline: The visual board will only perform well in case it is updated regularly. Lack of discipline will turn it into a waste of a costly piece of blank plastic.
Management of Obstacles:
· Develop a good business case (ROI) of the WMS upgrade depending on time savings that pickers would save in the form of quantification.
· Plan physical relocation of stuff during an allotted maintenance or over the weekend to create minimal disturbance.
· Establish board updating the board as a routine of the day-to-day activities of the Goods-In supervisor and inspect its utilization on the regular management bulletins.
[bookmark: _Toc224220277]Textile Production: Expenses and Challenges
Costs of Improvements:
· Standardised Work and RCA Low direct financial cost. The primary investment is the time of the Lean Six Sigma team and the operators to train and deal with the problems.
· SMED Exercise: Low cost of capital. The investment is a time (a few days) and possibly low-costs on tool changes or short-run clamps (kaizen blitz team).
Potential Obstacles:
· Cultural Resistance: Standardised work can be viewed as the management dictating the skill and autonomy of the operators. It is a common attitude of always doing things in the same way.
· Absence of Technical Expertise: There is a possibility that the team lacks training on how to facilitate a SMED event.
· Production Pressure Production may not allow the management to halt production in favour of short-distance output in the long-term efficiency in the company.
Management of Obstacles:
· Frame standardised work as the best-known way which embodies the shared wisdom of the most knowledgeable operators. Engage them into the development of the standards.
· Locate a foreign trainer on SMED or dispatch a group to receive training in case there is no expertise.
· Get the top management on board. Stress the point that investment in SMED will recoup itself within a rather short time frame due to greater capacity and flexibility, not having to work during the overtime.




[bookmark: _Toc224220278]References 
Faridzi, F. R. (2023). Application of Lean Manufacturing to Minimize Waste in the Lajiem Coffee Business Production Process: Lean Manufacturing; Timwood waste; 5-Why’s; Root Cause Analysis; Risk Analysis; Proposed Improvements. Indonesian Vocational Research Journal, 2(2), 23-28.
Hemalatha, C., Sankaranarayanasamy, K., & Durairaaj, N. (2021). Lean and agile manufacturing for work-in-process (WIP) control. Materials Today: Proceedings, 46, 10334-10338.
Klimecka-Tatar, D. (2024). Lean Management, Kaizen, and TIM WOODS Reduction in Logistics. In Handbook of Technological Sustainability (pp. 358-373). CRC Press.
Khullar, C. (2021). Development of a warehouse slotting model to improve picking performance (Doctoral dissertation, Concordia University).
Meyer, A. (2017). Milk run design: Definitions, concepts and solution approaches (Vol. 88). KIT Scientific Publishing.
Ramdass, K. (2015, August). Integrating 5S principles with process improvement: A case study. In 2015 Portland International Conference on Management of Engineering and Technology (PICMET) (pp. 1908-1917). IEEE.
Shahla, S., & Zeyu, Z. (2025). Enhancing Supply Chain Integration and Agility: A Case Study of Warehouse Management System (WMS) Implications in the Dairy Industry.







[bookmark: _Toc224220279]Appendix
	Industry / Process
	Process Stage
	Type of Waste (TIMWOOD)
	Measured Waste Amount
	Explanation / Impact

	Materials Handling (Manufacturing Plant)
	Raw material receiving: Central warehouse
	Transport
	18 km forklift travel per shift
	Raw materials are shuffled aimlessly before getting to production staging points.

	
	Warehouse: Production line delivery
	Transport / Waiting
	12 km travel & 25 min waiting per shift
	The operators usually have to wait until forklifts bring materials.

	
	Assembly line operation
	Motion
	75 minutes walking per operator per shift
	There is a lot of walking by operators to gather tools and components.

	
	Between production stations
	Inventory
	Large WIP buffers (estimated 20 to 30 pallets)
	Excess WIP inventory is occasioned by poor line balancing.

	
	Quality inspection stage
	Overprocessing
	Additional transport to central inspection
	Products are transported to be checked rather than being done in-line.

	E-commerce Warehousing
	Goods receiving
	Waiting
	30 minutes average delay per shipment
	Goods will be waiting before inspection and put-away as a result of scheduling problems.

	
	Storage and inventory management
	Inventory
	18% of items not moved in 6 months
	Dead stock is a waste of space in the warehouse and capital.

	
	Order picking
	Motion
	Pickers walk approx. 7 to 9 km per shift
	Ineffective slotting contributes to expansion of the travel distance when conducting picking operations.

	
	Replenishment transport
	Transport
	4 to 5 km unnecessary forklift trips per hour
	Products that are kept a long distance away before picking cause movements that are not necessary.

	
	Returns processing
	Defects
	6 to 8% order return rate
	Inspection, repacking and reverse logistics is necessary to pick mistakes.

	Textile Manufacturing
	Fabric cutting
	Defects
	3 to 4% fabric defects detected
	Wrong cutting patterns will result in scrap cloth wastes.

	
	Sewing / garment assembly
	Defects
	45% of total defects caused by crooked seams
	Needs a retouch and more man-hours.

	
	Between cutting and sewing
	Inventory
	Large WIP bundles (approx. 200 to 300 garments waiting)
	In batch production, the stages cause build-up of inventory.

	
	Sewing line waiting
	Waiting
	20–25 minutes idle time per operator
	Operators wait until past batches have been received.

	
	Ironing and finishing
	Overprocessing
	3 ironing steps used (2 unnecessary)
	Several ironings are repeated, which consume more time and energy.
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