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Executive Summary
This report investigates the seven TIMWOOD wastes across three diverse operations: textile manufacturing (garment sewing), paper aeroplane production (batch simulation), and house extension building (residential construction). By quantifying their impacts and proposing targeted lean improvements. Wastes consume 30-70% of resources: textiles show £2,500-£4,000 daily losses from waiting/motion; paper aeroplanes yield only 15-30% good output due to overproduction or WIP; construction wastes 40-60% of £20k-£30k budgets via delays and handling. 
Key interventions include textiles, line balancing/WIP limits and 5S/layout (10-25% productivity gain). For paper aeroplanes, Kanban pull and one-piece flow (50-100% throughput boost) and construction, Last Planner System and 5S/JIT (20-40% schedule reduction). Total implementation costs are low (£120-£9,500 per case), with ROIs of 200-600% via labour savings, reduced rework, and faster delivery.
Obstacles like resistance and coordination are mitigated through pilots, training, and visuals, proving lean's scalability from simulations to projects. Overall, these yield thousands in savings, stable flow, and cultural shifts for sustainable gains. 
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[bookmark: _Toc224217061]1. Introduction
Lean manufacturing principles aim to eliminate non-value-adding activities, known as the seven wastes (TIMWOOD: Transport, Inventory, Motion, Waiting, Overproduction, Overprocessing, Defects), to improve efficiency and reduce costs. This report investigates these wastes across three diverse operations: textile manufacturing producing clothes, paper aeroplane production, and building a house extension. These examples were selected to demonstrate lean applicability across industrial, simple batch, and construction contexts, drawing on process observations from industry videos and lean resources.
Textile manufacturing involves cutting, sewing, and assembling garments in a factory setting, often prone to layout inefficiencies. Paper aeroplane production simulates a basic folding process, typically highlighting motion and overproduction in small-scale setups. Building a house extension covers site preparation, material delivery, and construction phases, common in one-off projects with waiting and transport issues.
The report first investigates waste occurrences using TIMWOOD, followed by their quantification, proposed improvements, and cost evaluations with implementation strategies. This analysis reveals opportunities for lean tools like 5S, cellular layouts, and just-in-time to drive measurable gains.

[bookmark: _Toc224217062]2. Investigation into wastes (TIMWOOD)
[bookmark: _Toc224217063]2.1 Textile manufacturing operation producing clothes
Textile manufacturing for clothes typically involves sequential processes: fabric spreading and cutting, sewing/assembly, finishing (ironing, quality checks), and packing, often in a linear factory layout with multiple workstations. This operation is labour-intensive, with workers handling bundles of fabric, panels, and garments across departments, making it susceptible to lean wastes as materials move frequently between cutting, sewing lines, and finishing areas. (Sarkar & Prasanta., 2013; Surdadi, et al., 2023)
T – Transport: Garments or fabric panels are frequently moved between departments, such as from cutting to sewing floors or using trolleys/bins within lines, adding no value but risking damage.
I – Inventory: Excess work-in-process (WIP) piles up, like stacks of cut panels waiting for sewing or finished garments in finishing, tying up space and capital.
M – Motion: Operators walk to fetch trims and tools, bend repeatedly, or search in cluttered stations, increasing fatigue and non-productive time.
W – Waiting: Sewing operators are idle for cut panels, approvals, or machine setups; merchandisers wait for buyer feedback.
O – Overproduction: Cutting or sewing more units than immediate demand (e.g., 6,000 pcs vs. 5,000 needed), creating WIP imbalances.
O – Overprocessing: Unnecessary steps like complex machines for simple stitches or excess inspections beyond quality needs.
D – Defects: Stains, broken stitches, shade variations, or wrong cuts require rework, wasting fabric and labour.


[bookmark: _Toc224217064]2.2 Paper aeroplane production
Paper aeroplane production is a common lean simulation exercise mimicking batch manufacturing, where participants fold paper sheets in stations using batches of 3-6 units, often with queues, material handlers, and "hot" orders for priority planes. This setup replicates factory inefficiencies, with paper moving between operators at tables marked for queues, highlighting batch production waste before shifting to one-piece flow (MakingOhio, n.d.).


T – Transport: Material handlers push batches between stations or queue boxes, even short distances, causing delays and mix-ups (Rother, n.d.).
I – Inventory: Work-in-process (WIP) builds in queue boxes between stations, with stacks of half-folded planes waiting, blocking space (Lean Smarts, 2026).
M – Motion: Operators reach into queues, adjust batches, or walk to fetch tools/paper, especially in cluttered stations without standard work (Jacksonville Lean Consortium, 2024).
W – Waiting: Downstream stations are idle for batch completion upstream; "hot" orders exacerbate this as priority planes wait in queues (Rother, n.d.).
O – Overproduction: Folding more planes than customer demand, multiplying other wastes  (Lean Smarts, 2026).
O – Overprocessing: Unnecessary batch handling, multiple checks, or non-standard folds adding steps without value (Lean Smarts, 2026).
D – Defects: Misaligned folds, tears from handling, or non-flying planes, leading to rework or scrap  (Rother, n.d.).


[bookmark: _Toc224217065]2.3 Building an extension on a house
Building a house extension involves sequential phases like site preparation, foundation laying, framing, roofing, electrical & plumbing installation, plastering, and finishing, often managed by a small team of builders, subcontractors, and labourers on a residential site. This project-based process features intermittent work, material deliveries, and weather dependencies, leading to classic construction waste like delays and excess movement across the site (University of the Built Environment, 2025).​


T – Transport: Materials (bricks, timber, cement) are double-handled, unloaded from trucks, and moved to storage, then to work areas via wheelbarrows or lifts, increasing damage risk (Denerolle, 2025).
I – Inventory: Excess stockpiles of bricks or timber sit on-site waiting for use, occupying yard space and attracting weather damage or theft  (University of the Built Environment, 2025).
M – Motion: Workers walk between scattered tools, fetch materials from vans/storage, or climb ladders repeatedly due to poor site layout (Denerolle, 2025).​
W – Waiting: Trades wait for previous phases (e.g., plumbers for framing completion), deliveries, inspections, or weather clearance  (University of the Built Environment, 2025).
O – Overproduction: Installing more framing than designed or rushing ahead without full specs, creating rework later  (Denerolle, 2025).​
O – Overprocessing: Excessive nailing/bolting beyond structural needs or multiple coats of paint not required by the client  (Denerolle, 2025).​
D – Defects: Poor measurements causing misaligned walls, leaks from faulty plumbing, or cracks needing rework, wasting materials and time  (University of the Built Environment, 2025).


[bookmark: _Toc224217066]3. Quantification of wastes
[bookmark: _Toc224217067]3.1 Textile manufacturing operation producing clothes
Quantification here uses estimated metrics from typical garment factories for example, a 50-operator sewing line producing 1,000 shirts/day, 8-hour shift. Based on industry benchmarks and lean studies, actuals derive from site data or videos. These reveal waste consuming 30-50% of total cycle time, equating to significant lost productivity (Nguyen, 2024).


[bookmark: _Toc224217085]Table 1. Quantification of waste in Textile manufacturing operation.
	Waste type
	Key metric
	Estimated value
	Impact

	Transport
	Material moves per garment
	4-6 trips (cutting to sewing)
	10-15 min/garment, £0.50 cost (Sajdeh, et al., 2026)

	Inventory
	WIP stock per line
	2,000-5,000 panels
	£5,000 tied up, 20% space used (Dutt, 2019)

	Motion
	Operator walks per hour
	2-3 km walking/bending
	15-20% of shift (1 hr idle) (Sajdeh, et al., 2026)

	Waiting
	Idle time per operator/shift
	45-60 min
	10% output loss (100 shirts)  (Sarkar, 2013)

	Overproduction
	Excess units produced
	10-20% over order (100-200 shirts)
	£200 fabric/material waste  (Dutt, 2019)

	Overprocessing
	Extra inspections/steps
	2-3 redundant checks/garment
	5 min/garment, 8%-time waste  (Dutt, 2019)

	Defects
	Rework/scrap rate
	5-10% garments (50-100/day)
	£1,000/week in fabric/labour (Sarkar, 2013)


Total estimated daily waste cost: £2,500-£4,000, or 40% of production time, underscoring the critical necessity for lean interventions.​

[bookmark: _Toc224217068]3.2 Paper aeroplane production
Quantification draws from standard lean simulation runs, where mass production yields high WIP and low good output before improvements. Wastes account for 60-70% inefficiency, with lead times 3x longer than one-piece flow (Abilla, 2011).
[bookmark: _Toc224217086]Table 2. Quantification of waste in paper plane manufacturing.
	Waste type
	Key metric
	Estimated value
	Impact

	Transport
	Batches moved per run
	20-30 handler trips
	1 min total time (20% of run) (Messier‑Dowty, n.d.)

	Inventory
	Average WIP
	30-50 half-folded planes
	Ties up 50% table space (Rother, n.d.)

	Motion
	Operator reaches/walks
	100-200 per run
	30-45 sec/operator (Abilla, 2011)

	Waiting
	Idle time per station
	1-2 min total
	40% utilisation loss (Abilla, 2011)

	Overproduction
	Planes beyond demand
	20-50% excess (4-8 planes)
	Multiplies WIP by 2x (Abilla, 2011) ​

	Overprocessing
	Extra handling/checks
	2-3 steps/plane
	10 sec/plane ​ (Bussell, 2024)

	Defects
	Scrap/good rate
	15-30% good (3-7/20 planes)
	70-85% rework/scrap (Abilla, 2011) ​



[bookmark: _Toc224217069]3.3 Building an extension on a house
Quantification assumes a typical 20 m² single-storey extension project (4-6 weeks, £20,000-£30,000 budget, 3-4 workers), using construction benchmarks where non-value time often exceeds 50% and material waste hits 10-30%. These figures highlight delays and excess as major cost drivers (Kalsaas, 2012).
[bookmark: _Toc224217087]Table 3.Quantification of waste on building an extension on a house.
	Waste type
	Key metric
	Estimated value
	Impact

	Transport
	Material double-handling
	20-30% of deliveries
	£1,000-£2,000 extra labour (Denerolle, 2025)

	Inventory
	On-site stock excess
	15-25% materials unused
	£2,000 tied up, 10% damaged (University of the Built Environment, 2025)

	Motion
	Worker non-productive moves
	20-30% of labour hours (2-3 hrs/day)
	15% productivity loss  (Kalsaas, 2012)

	Waiting
	Delays per phase
	30-40% schedule (1-2 weeks total)
	£3,000-£5,000 opportunity cost (Harita, 2025)

	Overproduction
	Excess work/materials
	5-10% over-spec (e.g. frames)
	£500-£1,000 waste  (Denerolle, 2025).​

	Overprocessing
	Redundant steps
	10-15% tasks (e.g. extra coats)
	1 week added time  (Denerolle, 2025).​

	Defects
	Rework rate
	5-15% (e.g., 10% walls/plumbing)
	£2,000-£4,000 in fixes (Kalsaas, 2012)



Total project waste: 40-60% of time/budget (£10,000+), with delays amplifying costs via additional expenses.

[bookmark: _Toc224217070]4. Evaluation of improvements
[bookmark: _Toc224217071]4.1 Textile manufacturing operation producing clothes
For the textile operation, the two most critical wastes are waiting and motion/transport. Targeting these gives the fastest productivity and cost gains (Shakil & Parvez, 2018). 
[bookmark: _Toc224217072]4.1.1 Reduce waiting via line balancing and WIP control
Issue: Operators wait for work because some operations are slower, creating piles of WIP before them and starvation after them. This reduces line efficiency and increases lead time (Textile Learner, 2021).
Improvement: Apply line balancing: adjust task allocation, SMV (Standard Minute Value), and operator numbers so each station has a similar cycle time, reducing bottlenecks. Set WIP limits and use simple Kanban or controlled bundle sizes to prevent excess build‑up before slow operations (Teshome, et al., 2024).
Expected effect: Case studies show that optimised layout and batch size in sewing lines reduced waiting and WIP, raising OEE by about 3.75–4.7% and cutting transport/waiting time significantly. Reducing WIP at bottlenecks directly improves throughput and labour productivity (Textile Learner, 2021).

[bookmark: _Toc224217073]4.1.2 Reduce Motion/Transport via Layout Redesign and 5S
Issue: Bundles travel long distances between cutting, sewing, and finishing; operators walk and search for tools, trims, and work due to poor organisation (Kong, et al., 2024).
Improvement: Redesign the sewing line into a more compact, logical flow (U‑shape or cellular) to eliminate backflows and shorten distances between related operations. Implement 5S (Sort, set in order, Shine, Standardise, Sustain) so each workstation has fixed locations for tools, parts, and instructions, with clear visual controls (Shakil & Parvez, 2018).
Expected effect: A sewing-line study showed that eliminating backflows and optimising layout cut transportation time per batch by about 30% and improved OEE. 5S implementations in garment factories have reduced movement by around 20% and increased labour productivity by over 10–25% through better organisation and visual management (Romero‑Parra, et al., 2024).
Together, these improvements shorten lead time, stabilise flow, and free capacity for extra output without major capital investment, directly attacking the largest time and cost drivers in the sewing section. 
[bookmark: _Toc224217074]4.2 Paper aeroplane production
In the paper aeroplane simulation, the two most critical wastes are overproduction and inventory/waiting. Addressing these via pull and flow yields dramatic gains, as seen in standard exercises (International Six Sigma Inc., 2011).
[bookmark: _Toc224217075]4.2.1 Reduce overproduction via the Kanban pull system
Issue: Operators produce full batches regardless of downstream capacity, creating excesses that hide imbalances and lead to defects from rushed handling (International Six Sigma Inc., 2011).
Improvement: Introduce Kanban cards or squares where each operator only produces when the next station's square is empty, pulling work from upstream. Train operators "look right" before producing. With customers pull starting the flow; add quality checks at the source to prevent bad plans from propagating (Warden, 2013).
Expected effect: Simulations show Kanban reduces overproduction by limiting WIP to 1-2 per station, doubling good output (e.g., from 4 to 8+ planes in 5 min) and cutting defects to near-zero through immediate feedback. One exercise noted backlog clearance and balanced pacing, preventing the "worst waste" multiplication (Warden, 2013).
[bookmark: _Toc224217076]4.2.2 Reduce inventory/waiting via one-piece flow
Issue: Batches cause queues (30-50 WIP planes) and waiting (40% idle time), with lead time ballooning to 5 min for ~4 good planes due to batch delays  (International Six Sigma Inc., 2011).
Improvement: Shift from batch to one-piece flow: pass planes immediately to the next station upon completion, eliminating queues and enabling continuous movement. Balance stations by timing cycle times and reallocating if needed; use visual signals for bottlenecks  (Messier‑Dowty, n.d.).
Expected effect: Videos and exercises demonstrate a 64% lead time reduction (5 min to 1:47 min), tripling throughput (12+ vs. 4 planes), and slashing WIP/space use by 80% as flow reveals and resolves imbalances instantly. Productivity jumps 50-100% with no extra operators, proving flow's power over batch  (International Six Sigma Inc., 2011).
These changes transform chaotic batch production into a stable, visual pull system, exposing further issues for continuous improvement while boosting quality and speed.

[bookmark: _Toc224217077]4.3 Building an extension on a house
For the house extension, the two most critical wastes are Waiting (delays from sequencing and constraints) and Motion/Transport (excess movement across site and material handling). These drive 40-50% of time overruns, and lean construction tools like collaborative planning and site organisation can cut them effectively (Landau, 2025).
[bookmark: _Toc224217078]4.3.1 Reduce Waiting via Last Planner System (LPS)
Issue: Trades wait 30-40% of time for predecessors, materials, or approvals, inflating the schedule by 1-2 weeks and costs via idle labour  (Landau, 2025).
Improvement: Implement LPS: Weekly pull planning meetings where site foreman, trades, and suppliers commit only to "make-ready" tasks (constraints removed first, e.g., materials on-site, drawings approved). Use look-ahead schedules (3-6 weeks) to log and resolve constraints track PPC (Percent Plan Complete) for accountability (Elecosoft, 2023; Shah, 2025).
Expected effect: LPS on housing projects boosts schedule reliability by 20-40%, reducing delays via better handoffs and constraint removal; one study showed 41% of high-Lean projects finishing early. It cuts waiting by aligning flow, enabling faster phase pull (Sterzi, 2025).
[bookmark: _Toc224217079]4.3.2 Reduce Motion/Transport via 5S and JIT Site Layout
Issue: Workers spend 20-30% time walking for tools/materials, with double-handling adding damage and clutter on the small site (MacKay, 2020).
Improvement: Apply 5S: Sort (remove unused items), Set in order (tool shadows, labelled storage near work zones), Shine (daily clean-up), Standardise (visual checklists), Sustain (audits); rules like "nothing on ground, everything on wheels". JIT deliveries and modular layout: Order materials weekly for specific phases, position mobile racks/tools within 10m of work (e.g., bricks near foundation), use site maps for zones (Farheen, 2024).
Expected effect: 5S on sites reduces motion by 15-25% and improves safety/productivity; combined with JIT, it minimises stock (10% less damage) and searching time, as in projects with "clean as you go" cutting waste. Lean sites report 15-30% time savings overall (Londono, 2024).
These interventions create reliable flow and a safer, efficient site, scalable for small extensions while fostering team buy-in for ongoing gains.


[bookmark: _Toc224217080]5. Costs and implementation issues
[bookmark: _Toc224217081]5.1 Textile manufacturing operation producing clothes
Costs for the proposed improvements, for example, line balancing/WIP control and 5S/layout redesign, are mostly low capital. Focused on training and organising, with quick ROI from productivity gains. Potential obstacles include worker resistance and data accuracy, manageable through involvement and pilots.
[bookmark: _Toc224217088]Table 4. Direct cost of proposed improvement (SixSigma.us, 2025).
	Item
	Estimated cost (small-mid factory)
	Notes

	Training (2-3 days, 50 staff)
	£2,000-£5,000 ​
	Internal trainers or external (£1,500/day)

	Tools/visual aids (Kanban, shadows)
	£500-£1,500
	Low-tech materials

	Layout minor changes
	£1,000-£3,000
	Racks/signage, no new machines

	Total one-time
	£3,500-£9,500
	Payback <6 months


Productivity up 10-25% (e.g., +1,664 shirts/month), waste down 20-30%, ROI 200-600% year 1. For £20k line, saves £4k/month labour/inventory (SixSigma.us, 2025).
[bookmark: _Toc224217089]Table 5. Obstacles and management for textile operation improvement.
	Obstacle
	Risk level
	Management strategy

	Worker resistance to change
	High
	Involving teams in kaizen events, show quick wins via pilots (Ewnetu & Gzate, 2023)

	Poor initial data/SMV accuracy
	Medium
	Time studies/videos first, train supervisors  (Textile Learner, 2021)

	Skill gaps
	Medium
	Cross-training during balancing, incentives  (Textile Learner, 2021)

	Sustaining 5S
	High
	Daily audits, visual scorecards, link to bonuses (Haque, et al., 2014)



Start testing on one line first (1-2 weeks) to build buy-in and refine, scaling after proving 15% gain. Success depends on management commitment to daily Gemba walks.

[bookmark: _Toc224217082]5.2 Paper aeroplane production
Costs for Kanban pull and one-piece flow are negligible, primarily training-focused for this simulation or small-scale setup, with immediate ROI from doubled output. The main obstacles are habit change and measurement, overcome via short trials (International Six Sigma Inc., 2011).
[bookmark: _Toc224217090]Table 6. Direct cost involved (SixSigma.us, 2025).
	Item
	Estimated cost
	Notes

	Training/workshop (1-2 hrs., 6 operators)
	£100-£300 ​
	Internal facilitator

	Visual aids (Kanban cards, WIP squares, timers)
	£20-£50
	Printed cards/markers

	Station balancing tweaks
	£0
	Task reallocation

	Total one-time
	£120-£350
	Instant payback


Benefits and ROI
Throughput +50-100% (e.g., 4 to 12 planes/5 min), defects -80%, ROI >500% per run; scales to real factories saving £thousands in WIP/labour  (SixSigma.us, 2025).
[bookmark: _Toc224217091]Table 7.Obstacles and management for paper plane manufacturing.
	Obstacle
	Risk level
	Management strategy

	Resistance to stopping batch habits
	High
	Demo before/after runs, let teams experience gains

	Uneven station times
	Medium
	Stopwatch balancing first, rotate operators  (Warden, 2013)

	"Hot" order disruptions
	Medium
	Fixed priority rules or separate flow ​  (Warden, 2013)

	Sustaining pull
	Low
	Visual WIP limits, daily reviews  (Warden, 2013).


Start with 2-3 short runs as pilot to visualise 3x improvement, building excitement before full adoption (Lean Manufacturing One Piece Flow vs. Mass Production Paper Airplane Simulation (Lean Tip 005), 2018)
[bookmark: _Toc224217083]5.3 Building an extension on a house
Costs for Last Planner System (LPS) and 5S/JIT are low relative to project budget (£20k-£30k), emphasising planning time and minor organisation, with ROI from 20-40% schedule/time savings. Key obstacles involve coordination and weather, addressed via commitment and flexibility  (Landau, 2025).
[bookmark: _Toc224217092]Table 8. Direct cost involves in improving construction of an extension of a house.
	Item
	Estimated cost (small extension)
	Notes

	LPS training/meetings (foreman + 3 trades, 4-6 hrs/week x 4 weeks)
	£800-£1,500 ​ (Landau, 2025)

	Hourly rates or internal

	5S materials (labels, racks, shadows, checklists)
	£300-£600  (MacKay, 2020)
	Tool organisers, signage

	JIT delivery coordination
	£200-£500  (Denerolle, 2025)
	Supplier fees/scheduling

	Total one-time
	£1,300-£2,600  (Londono, 2024)
	Payback 2-4 weeks




Benefits and ROI
Schedule cut 20-30% (1-2 weeks saved, £3k-£5k labour/overheads), rework -50%, ROI 300-500% via faster cash flow and client satisfaction. Avoids £2k+ delay penalties (Denerolle, 2025).
[bookmark: _Toc224217093]Table 9.Obstacles and management for implementing the lean methods.
	Obstacle
	Risk level
	Management strategy

	Trade coordination/buy-in
	High
	Weekly visual boards, incentives for PPC >80%  (Landau, 2025)

	Weather/material delays
	High
	Buffer tasks, multiple suppliers, indoor prep ​(Denerolle, 2025)

	5S compliance on messy site
	Medium
	Daily 15-min huddles, foreman audits ​  (MacKay, 2020)

	Owner interference
	Medium
	Clear comms plan, change control process ​  (Londono, 2024)



Try experimenting with LPS/5S on the foundation phase (1 week) to demonstrate reliability gains, then scale; owner involvement ensures alignment.
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