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[bookmark: _Toc224551501]1. EXECUTIVE SUMMARY
The report critically evaluates the application of Tim wood waste analysis within three operational environments building an extension on a house, warehousing operations for an online retailer and materials handling in a production setting and this analysis examines the contextual suitability, limitation and risk associated with their implementation. Waste identification demonstrates that construction environments experience high variability, statistical six sigma approaches are difficult to sustain. In contrast, warehousing and production environments provide structured processes where lean tools such as slotting optimization, cellular layout and standardized work can be deployed more effectively.
Quantification of waste highlights important inefficiencies linked to waiting time, transport distance and excess motion. Improvements are evaluated critically in terms of cost, implementation challenges, ethical implications and environmental sustainability. The results suggest that lean six sigma must be adapted to organizational context rather than applied as a standardized solution, reinforcing the importance of critical decision-making when choosing improvement methodologies.
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[bookmark: _Toc224551503]3.0 INTRODUCTION 

Operational performance improvement has become a planned priority across construction, logistics and manufacturing sectors, particularly where inefficiencies directly affect cost, delivery time and quality outcomes. Lean six sigma is frequently promoted as an integrated methodology capable of reducing waste while improving process capability, though, it is application is often treated as universally effective without sufficient consideration of operational context. This report adopts a critical perspective by investigating how the seven wastes of lean, defined through the Tim wood framework, manifest differently across three contrasting environments: building an extension on a house, warehousing operations for an online retailer and materials handling within a production setting.
Three examples were selected deliberately to represent varying levels of process stability and standardization. Construction activities involve high variability and dependency between trades, which may limit the effectiveness of traditional lean tools designed for repetitive systems. Conversely, warehousing and production environments generate measurable workflow that support structured analysis and statistical control. The purpose of this comparison is not simply to identify waste, but to evaluate why specific lean six sigma tools are chosen when they are effective and how they can be implemented without crating unintended operational or ethical consequences.
The report critically analyzing the relationship between waste identification, improvement strategy selection and organizational context. The Tim wood framework is used to established the current state of each operation, followed by quantification of waste to assess the scale of inefficiencies. Improvement strategies are then evaluated in terms of effectiveness, implementation feasibility and potential risks, including legal responsibilities, environmental impacts and workforce considerations. This critical approach recognizes that lean six sigma tools are not inherently successful; their value depends on how well they align with operational realities and strategic objectives.
The structure of the report reflects this analytical focus. Following this introduction, the investigation section examine where and why waste occur within each environment. Subsequent sections quantify the extent of these inefficiencies, evaluate target improvements strategies and assess the cost implications and challenges associated with implementation.
[bookmark: _Toc224551504]4.0 INVESTIGATION INTO THE TYPES OF WASTE TIMWOOD

	Operation
	Analytical Unit
	Measurement Objective

	Online retail warehouse
	customer order
(pick-pack-dispatch)
	Identify flow disruption and travel inefficiency

	Material handling
	 replenishment cycle
	Measure transport delay and motion waste

	House extension construction
	work package
	Assess coordination failure and rework risk



Defining a unit of analysis allows waste to be quantified in time cost and productivity terms rather than described qualitatively.
[bookmark: _Toc224551505]4.1 LEAN SIX SIGMA STRATEGY SELECTION

Operational stability and variability
	Environment
	Process stability
	Strategy type
	Rationale

	Warehouse
	High repeatability
	Flow strategy & layout optimization
	Digital workflow allows statistical measurement

	Material handling
	Semi-standardized
	Pull strategy & visual management
	Layout and coordination drive inefficiency

	Construction extension
	High variability
	Pull planning (last Planner) & quality at-source
	Trade dependency limits traditional flow tools






[bookmark: _Toc224551506]4.2 Data Collection and Quantification approach 

Waste is quantified using modelled operational data derived from realistic assumptions
· Travel distance converted to time using walking speed assumption.
· Waiting waste measured as idle minutes per unit multiplied by weekly volume.
· Defect cost calculated from rework rate x labour/ material cost.
Measurement Logic: 
	Waste type
	Measurement formula
	Output Metric

	Waiting
	(avg. delay x units/week) /60
	Labour hours lost

	Motion/Transport
	Extra distance/ speed
	Time loss per unit

	Defects
	Defect rate x cost per defect
	Weekly financial loss




[bookmark: _Toc224551507]4.3 INVESTIGATION PROCESS

1.  Current state mapping – process flow and movement diagrams.
2.  Tim wood waste identification- stop level waste register.
3.  Quantification – conversion of waste into time and cost metrics.
4.  Improvement evaluation – selection of two context-specific strategies per operation. 



[bookmark: _Toc224551508]5.0 INVESTIGATION OF TIMWOOD WASTES ONLINE RETAIL WAREHOUSE

[bookmark: _Toc224551509]5.1 CURRENT STATE ANALYSIS
The investigation focuses on the fulfilment of a single customer order as the analytical unit in order to evaluate how waste emerges within a repeatable logistics workflow. Process mapping identified four primary stages: picking, packing, verification and dispatch. Analysis of operator movement patterns indicates that non-value -adding time is generated predominantly through layout- driven transportation and motion waste rather than variability in workforce performance. In particular, high- frequency stock keeping units are distributed across multiple aisles, requiring extended walking distances before orders reach the packing stage.
Queue formation at packing stations suggests a structural imbalance between upstream picking output and downstream processing capacity. This imbalance results in significant waiting waste, where completed picks remain idle prior to packing. Furthermore, duplicated barcode verification introduces over-processing that does not contribute directly to customer value but increase labour utilization. The current state therefore reflects a flow- disruption problem driven by batching logic and spatial design decision.
[bookmark: _Toc224551510]5.2 TIM WOOD WASTE IDENTIFICATION
Waste was investigated at step level using the Tim wood framework to ensure that inefficiencies were linked to measurable operational causes. Table 6.1 presents the waste register developed from the current state analysis.
	Process step
	Waste category
	Root cause
	Evidence Indicator
	Operational Effect

	Picking
	Motion/ Transportation
	Non-optimized SKU slot
	Long travel paths across aisles
	Increased cycle time

	Packing
	waiting
	Batch release of orders
	Queue accumulation at stations
	Reduce throughout

	Verification
	Over-processing
	Duplicate scanning requirement
	Two scans per item
	Labour inefficiency

	Dispatch
	Defects
	Mis-pick errors
	Return Processing workload
	Additional cost



The dominant wastes are system based rather than behavioral. This finding supports the use of layout and flow strategies rather than individual performance interventions.

[bookmark: _Toc224551511]5.3 QUANTIFIED WAREHOUSE WASTE IMPACT 

To support evidence-based evaluation, identified wastes were converted into measurable time and cost impacts. Packing queues signifies the largest loss in productive time linked with waiting waste, while defects generate the most important financial consequence due to returns handling.
	Waste driver
	Measurement logic
	Weekly impact
	Strategic interpretation

	Excess travel distance
	Distance ÷ walking speed
	Significant labour time loss
	Layout inefficiency

	Packing queue delay
	Delay per order x weekly volume
	Major waiting waste
	Flow imbalance

	Mis-pick defects
	Error rate x cost per return
	Direct financial loss
	Quality variation



Quantification shows that reducing waiting time would yield the highest operational benefit, suggest that improvement strategies should significances flow balance before introducing automation or additional resources.

[bookmark: _Toc224551512]5.4 ANALYTICAL INTERPRETATION
The warehouse environment proves high process repeatability, enabling flow-based interventions supported by quantitative measurement. The dominance of waiting waste implies that batching logic disrupts continuous flow, while motion waste reflects spatial inefficiency rather than process variability. These result highlight the importance of selecting improvement strategies aligned with operational background, reinforcing the principle that lean tools must be applied selectively rather than universally.
[bookmark: _Toc224551513]5.5 TIM WOOD MATERIAL HANDLING IN PRODUCTION ENVIRONMENT
The material handling process was examined using a replenishment cycle as the unit of analysis in order to evaluate how movement and coordination activities influence operational efficiency. The current workflow involves pallet collection, transport to production lines, line feeding and return movements. Process observation indicates that transport routes are not visually standardized, resulting in frequent congestion and intermittent waiting for shared equipment. The warehouse environment waste emerges primarily from layout configuration and resource allocation rather than batching logic.
Tim wood waste identification
	Process Stage
	Waste category
	Root Cause
	Evidence Indicator
	Operational Effect

	Pallet collection
	Motion
	Poor tool Positioning
	Repeated walking paths
	Increased cycle time

	Transport
	Transportation
	Long staging distance
	Extended travel routes
	Labour inefficiency

	Line feeding
	Waiting
	Forklift availability
	Idle time during shift
	Reduced throughput

	handling
	Defects
	Inconsistent Stacking
	Minor product damage
	Rework requirement



The Investigation Suggests that motion and transportation waste dominate this environment, indicating that layout-based lean strategies may deliver greater benefit than process automation.
[bookmark: _Toc224551514]5.6 ANALYTICAL INTERPRETATION
From a Lean six sigma perspective, material handling represents a semi-standardized workflow where variation arises from environmental factors rather than process instability. The predominance of motion waste highlights the relationship between spatial design and operational efficiency, suggesting that visual management and point of use storage strategies may be more effective than flow-based interventions used in highly repetitive logistics environments.
[bookmark: _Toc224551515]5.7 INVESTIGATION OF TIMWOOD WASTES BUILDING AN EXTENSION ON A HOUSE 

5.7.1 CURRENT STATE ANALYSIS:
The construction extension was investigated using a work-package approach to reflect the project-based nature of construction activities. Warehousing or production environments, the workflow is highly dependent on coordination between trades, sequential task completion and site layout constraints. The current process includes foundation preparation, brickwork, plastering and finishing stages. Observation of site operations indicates that waiting waste frequently occurs when one trade arrives before prerequisite work has been completed. In addition, materials stored away from the immediate workface generate repeated transportation and motion waste.
Spatial limitations and variable task duration also contribute to over-processing, particularly where, measurements and layout markings are repeated to compensate for drawing variations. Defect waste emerges through rework activities, such as alignment corrections or finishing adjustments, which increase labour hours without adding customer value. The current state therefore reflects coordination driven inefficiency rather than a failure of individual productivity.



5.7.2 TIM WOOD WASTE IDENTIFICATION

Construction Extension Tim wood waste Register:
	Process Stage
	Waste category
	Root cause
	Evidence Indicator
	Operational
Effect

	Material setup
	Transportation
	Storage away from workflow
	Repeated movement of materials
	Increased labour time

	Trade handover
	Waiting
	Poor schedule coordination
	Idle trade hours
	Project delay risk

	Layout marking
	Over processing
	Re-measuring drawings
	Duplicate effort
	Reduced efficiency

	Finishing works
	Defects1
	Measurement inaccuracies
	Rework activities
	Increased cost



The Investigation highlights that waiting and defect waste dominate this environment due to interdependency between subcontractors and variability in task durations.

5.8 ANALYTICAL INTERPRETATION
Construction operations differ significantly from repetitive manufacturing systems because workflow stability cannot be fully controlled. As a result, Traditional flow-based strategies must be Adapted into collaborative planning approaches such as pull scheduling. The predominance of waiting waste indicates that coordination and communication failures represent a greater source of inefficiency than physical layout alone. Consequently, improvement acknowledged in later sections should priorities planning systems and quality at sources practices rather than automation.




[bookmark: _Toc224551516]6.0 QUANTIFICATION OF THE WASTES OCCURING
 The identification of Tim wood wastes across the warehouse, production material handling and construction environments, the next stage of the investigation calculates the scale of these inefficiencies. Quantification converts observed waste into measurable time and cost impacts, allow the operational significance of each waste category to be evaluated. This approach supports evidence-based decision making when selecting improvement strategies.
[bookmark: _Toc224551517]6.1 MODELLING APPROACH AND ASSUMPTIONS
As direct access to proprietary organizational data was not available, a scenario-based modelling approach was adopted. Operational volumes and cycle times reflect benchmark data from mid-size UK logistics and construction operations. This approach allows comparative evaluation under controlled and transparent assumptions while maintaining analytical credibility.

· Warehouse volume: 5,000 orders per week
· Materials handling:600 replenishment cycles per week 
· Construction extension duration:12 weeks
· Labour rate (warehouse/production): £ 15 per hour
· Labour rate (Construction): £ 20 per hour
· Working week: 37.5 hours per employee  

[bookmark: _Toc224551518]6.2 warehouse quantification

To Evaluate the operational impact of warehouse inefficiencies waiting waste at the packing stage was converted into labour time loss. The calculation assumes an average waiting delay per order and multiplies this by the weekly order volume handled by the fulfilment Centre.



[bookmark: _Toc224551519]6.2.1 WAITING WASTE (PACKING QUEUE)


	Activity
	Time lost per order
	Weekly orders
	Total time waste

	Packing queue waiting
	6 min
	5000 orders
	30,000 min

	Convert to hours
	--
	--
	500 hours



· Calculation used to derive these estimates are presented in appendix D 
The results indicate that packing queue delay generate approximately 30,000 minutes of lost time per week. Equivalent to 500 labour hours. Assuming an average labour cost of £15 per hours, this represents a potential operational cost of £7,500 per week. Waiting waste alone consumes the equivalent of 13 full time employee weekly indicates structural flow imbalance rather than isolated inefficiency.



[bookmark: _Toc224551520]6.2.2 OVER PROCESSING WASTE (DOUBLE SCANNING)


[bookmark: _Toc224551521]6.2.3 DEFECT WASTE (MIS-PICKS)

· 6.2.2 & 6.2.3 Calculation is presented in appendix D 


warehouse waste Impact summary:
	Waste type
	Hours/week
	Cost/week
	FTE Equivalent

	Waiting
	500
	£ 7,500
	13.33

	Over- Processing
	20.83
	£312
	0.56

	Defect
	--
	£1,200
	--



[bookmark: _Toc224551522]6.3 MATERIAL HANDLING QUANTIFICATION

[bookmark: _Toc224551523]6.3.1 WAITING WASTE (FORKLIFT DELAY)

[bookmark: _Toc224551524]6.3.2 MOTION WASTE 


[bookmark: _Toc224551525]6.3.3 DEFECT WASTE (DAMAGE)

Material Handling waste summary:
	Waste type
	Hours/week
	Cost/week

	Waiting
	50
	£750

	Motion
	8.4
	£126

	Defects
	--
	£144




· 6.3.1, 6.3.2 and 6.3.3 section calculations are mentioned in appendix D.



[bookmark: _Toc224551526]6.4 CONSTRUCTION EXTENSION QUANTIFICATION

Calculation data is in appendices D 

	Waste type
	Cost/week

	Waiting
	£ 120

	Transportation
	£ 300

	Defects
	£ 900



[bookmark: _Toc224551527]6.5 CROSS CONTEXT COMPARATIVE INSIGHT

· In repetitive warehouse systems, waiting waste accumulates exponentially due to volume, producing high FTE loss
· In material Handling, motion and resource bottlenecks reduce responsiveness but at lower financial magnitude.
· In Construction, defect waste produces disproportionately high financial impact due to rework intensity.
The comparison confirm that lean interventions must be context sensitive; high volume environments priorities flow efficiency, whereas project-based environments require quality at source and coordination mechanisms.







[bookmark: _Toc224551528]7.0 EVALUATION OF IMPROVEMENTS

Waste quantification was calculated on time-loss analysis based on labour utilization. The following formula was applied to estimate operational inefficiencies.
Total waste time = time lost per worker x number of workers 

[bookmark: _Toc224551529]7.1 IMPROVEMENTS FOR ONLINE PICKING TECHNOLOGY
The quantification section identified waiting waste within the packing stage as the largest in inefficiency, approximately 500 labour hours lost per week. one potential improvement is the implementation of automated picking technology such as pick to light systems or automated sorting conveyors.
Pick-to-light technology guides workers directly to the correct item location using visual signals, significantly reducing search time and order processing delays. Research in warehouse optimization suggests that such systems can improve picking productivity by 20 to 40 % while reducing errors.
If a conservation 25% reduction in waiting time is Achieved
Current waiting waste = 500 hours / week
Improvement 
500 x 0.25 = 125 hours save per week 

Financing saving:
125 x £ 15 = £ 1,875 per week 
 This improvement would significantly increase operational throughout while reducing employee idle time. If travel time is reduced by 30%, the current motion waste of 20.83 labour-hours per week would be reduced by: 
20.83 x 0.30 = 6.25 hours saved per week 
Financial saving:
6.25 x £ 15 = £ 93.75 per week 
[bookmark: _Toc224551530]7.2 IMPROVEMENTS FOR MATERIAL HANDLING
Forklift scheduling and traffic management 
The analysis identified waiting waste of 50 labour- hours per week due to forklift delays. This issue may be addressed through improved scheduling and designated material transport routes. 

Introducing digital scheduling systems or radio-frequency coordination can reduce congestion and improve equipment utilization.

Assuming a 30 % reduction in waiting waste:
50 x 0.30 = 15 hours saved per week 

Financial saving 
15 x £ 15 = £ 225 per week 
This Improvements enhances operational flow reduces downtimes across production areas.

[bookmark: _Toc224551531]7.2.1 STANDARDISED MATERIAL HANDLING PROCEDURES 
Motion waste was identified due to inconsistent handling practices. Implementing standardized work procedures can reduce unnecessary movement and improve process consistency.
Standard operating procedures combined with employee training can improve process efficiency by 15-20%.
So, current motion waste = 8.4 hours / week 
Taking 20% reduction in motion waste: 8.4 x 0.20 = 1.68 hours saved per week
Financial saving:
1.68 x £15 = £ 25.20 per week 
Although relatively small in isolation, these improvements contribute to overall operational efficiency.
[bookmark: _Toc224551532]7.3 IMPROVEMENTS FOR CONSTRUCTION EXTENSION

Construction delays were Identified as a source of waiting due to idle labour. Implementing improved scheduling tools such as critical path method or last planner system can improve coordination between trades.
If Improved scheduling reduces idle labour time by 50%
Current waiting cost = £ 120 per week
Reduction £ 120 x 0.50 = £ 60 saved per week 

[bookmark: _Toc224551533]7.3.1 QUALITY CONTROL AND INSPECTION PROCESSES

Defect waste was the most significant cost within the construction project, with rework estimated at £900 per week. Implementing early-stage inspection procedures and quality checkpoints can reduce errors before they propagate.
Taking a 30 % reduction in rework costs
£900 x 0.30 = £270 saved per week
Improved quality control not only reduces cost but also improves project timelines and stakeholder satisfaction.

	Operation
	Improvement
	Hours save
	Weekly save £

	Warehouse
	Pick-to-light
	125
	1,875

	Material Handling
	Forklift scheduling
	15
	225

	Construction
	Quality control
	--
	270





[bookmark: _Toc224551534]8.0 COST CONSIDERATIONS AND IMPLEMENTATION CHALLENGES
[bookmark: _Toc224551535]8.1 COST OF IMPROVEMENTS ONLINE RETAIL WAREHOUSE

The proposed improvements include the implementation of pick to light technology and warehouse layout optimization.
Pick to light systems required initial investment in hardware, software integration and employee training, industry estimates recommend installation costs of approximately £25,000 - £ 40, 000 liable on warehouse size. However, the improvement identified  potential labour savings of around £ 1,875 per week, which could result in annual savings exceeding £ 97,000.
Warehouse layout optimization is comparatively low-lost, primarily involving labour time for reorganizing storage zones and updating location mapping systems. Estimates implementation cost is approximately £3,000 - £5,000 for planning and labour adjustments.
Although these improvements require investment, the potential productivity gains and labours cost reduction suggest a relatively short payback period.

[bookmark: _Toc224551536]8.2 COST OF IMPROVEMENTS MATERIAL HANDLING

The suggested improvements involve forklift scheduling systems and the development of standardized material handling procedures.
Digital development systems typically require software integration and training costs estimated at approximately £5,000 - £8,000. The expected reduction in waiting waste (Approximately £ 225 per week) could result in annual savings of around £ 11,700.
Standard working procedures are signification lower cost improvements, primarily involving documentation development and employee training. Estimated implementation costs may range between £ 1,000 - £ 2,000.

[bookmark: _Toc224551537]8.3 COST OF IMPROVEMENTS CONSTRUCTION EXTENSION
In the construction, the primary improvements involve improved project scheduling and stronger quality control procedures.
The implementation of collaborative planning approaches such as the last planner system requires planning workshops, project cost is approximately £2,000 - £4,000 Improved quality control processes may involve additional inspections, documentation systems and training for site supervisors. Estimated costs may range from £3,000 - £ 6,000 Depending on project scale. However, these improvements could significantly reduce rework costs currently estimated at £ 900 per week, potentially generating substantial project savings.
[bookmark: _Toc224551538]8.4 IMPLEMENTATION CHALLENGES
Despite the potential benefits, several challenges may arise during implementation.
First, employee resistance to change may occur when new systems or procedures are introduced. Workers accustomed to existing processes may initially experience reduced productivity while adapting to new workflows.
Second, financial constraints may limit the ability of organizations to invest in technological improvements, particularly small or medium sized enterprise. Operational disruption may occur during the transition period. For example, warehouse layout changes or new scheduling systems may temporarily affect productivity before improvements are fully realised, also training requirements must be considered to ensure employees can effectively use new systems and follow updated procedures.

	Area
	Waste
	Weekly cost

	Warehouse
	waiting
	£ 7500

	Material handling
	waiting
	£ 750

	Construction
	Defects
	£ 900





[bookmark: _Toc224551539]9.0 Conclusion
This report critically investigated the occurrence of operational waste across three contrasting environments warehouse operation, material handling systems and residential construction activities. The finding demonstrates that although the timwood framework provides a structured approach for identifying inefficiencies, the nature and impact of waste vary significantly depending on the operational context.
Quantitative analysis revealed that motion and waiting wastes were dominant within warehouse operations due to inefficient layout and workflow design, while material handling environments experienced delays associated with equipment utilization and task coordination. In construction environments, waste was primarily driven by interdependent activities between trades, resulting in significant idle labour time and scheduling inefficiencies.
The evaluation of targeted improvement strategies, including layout optimization, automation of material movement and critical path scheduling, demonstrated that substantial operational gains can be achieved when lean tools are aligned with process characteristics. However, the analysis also highlights that implementing lean improvements requires careful consideration of cost implication, workflow adaption and organizational readiness.
Overall, the finding emphasis that lean six sigma should not be applied as a universal solution but rather as context- specific methodology requiring critical evaluation of operation dynamics. Organizations that adopt these strategic perspectives are more likely to achieve sustainable performance improvements while minimizing unintended operational risks.
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 Appendices A- warehouse operational workflow    
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Appendices B- Material Handling process flow diagram
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Appendices C Construction extension workflow

Planning &
 Design




Site 
Preparation




Foundation &
Structure




Electrical & Plumbing



Final Inspection














APPENDICES D- CALCULATION 

6.2.1 Waiting waste (packing queue)
Observed average delay = 6 minutes per order
Weekly order volume = 5,000 orders
6x 5,000 = 30,000 minutes
In hours
30,000 ÷ 60 = 500 labour-hours per week
Full-time equivalent (FTE) impact:
500 ÷ 37.5 = 13.33 FTE
Financial impact
500 x £ 15 = £ 7,500 per week

6.2.2 overprocessing waste (double scanning) 
Additional Scan time = 15 seconds per order
15 seconds = 0.25 minutes
0.25 x 5,000 = 1,250 minutes
1,250 ÷ 60 = 20.83 labour hours per week
Financial impact:
20.83 x £15 = £312 per week 

6.2.3 defect waste (mis-picks)
Error rate = 3%
0.03 x 5,000 = 150 Mis-picks per week 
Cost per return handling = £8
150 x £8 = £1,200 per week 

6.3 Material handling quantification 
6.3.1 Waiting waste (forklift delay)
Average delay = 5 minutes per cycle
Cycles per week = 600
5x600 = 3,000 minutes
3000 ÷ 60 = 50 labour- hours per week
Cost Impact 50 x £15 = £750 per week

6.3.2 Motion waste
Estimate non-value motion = 12% of handling time
Average cycle time = 7 minutes
12% of 7 = 0.84 minutes wasted per cycle
0.84 x 600 = 504 minutes
504 ÷ 60 = 8.4 hours
Cost:
8.4 x £15 = £126 per week

6.3.3 Defect waste (Damage)
Damage rate = 2% of cycles 
0.02 x 600 cycles = 12 damaged units per week
Cost per damage = £12
12 x £12 = £144 per week 
6.4 construction extension quantification 
 Waiting waste: (idle trades):

Idle time = 6 hours per week 
Labour rate = £20 per week
6 x £20 = £120 per week
Additional handling cost = £300 per week
Defect waste (Rework)
Measured rework cost = £900 per week
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