


CARRYING OUT LEAN SIX-SIGMA EXERCISES 

[bookmark: _Toc224218686]Executive Summary
Lean management offers a powerful lens for spotting operational waste — but applying it intelligently requires more than memorising the seven TIMWOOD categories. This report examines three operationally distinct environments: an online retailer's fulfilment warehouse, a baked bean manufacturing facility, and a residential house extension project. Each scenario is analysed against the TIMWOOD framework to identify the dominant wastes, estimate their impact, and propose two targeted lean interventions.
The findings reveal a consistent pattern. Waste is universal, but its root causes and the tools needed to address it shift dramatically depending on context. Motion drives the biggest losses in the warehouse. Overproduction is the critical problem in food manufacturing, compounded by regulatory constraints on how far lean scheduling can realistically go. On the building site, Waiting is effectively structural — embedded in the way the entire project is coordinated.
The central argument is this: Organisations that apply lean without contextual triage will always pick the wrong tools.
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[bookmark: _Toc224218687]1. Introduction
Lean manufacturing provides a rigorous framework to cut operational waste. It originally grew out of the Toyota Production System, before being theorised for Western businesses by researchers like Womack and Jones (2003) and Liker (2004). At its absolute core is the targeting of muda. Liker famously sorted this waste into seven distinct types, giving us the TIMWOOD acronym: Transportation, Inventory, Motion, Waiting, Overproduction, Overprocessing, and Defects. Every single one of these represents a drain on resources. Crucially, they add zero value for the end customer. Slack, Brandon-Jones and Johnston (2022) make a great point here — while these ideas were forged on the car assembly line, they are now applied practically everywhere, from services to logistics.
This report applies the TIMWOOD framework across three operationally distinct settings: an online retailer's warehouse, a baked bean factory, and a residential house extension. These scenarios were selected to test the framework's extremes. Warehousing is a high-speed logistics environment shaped by unpredictable customer demand. The food factory is the opposite: continuous, high-volume manufacturing heavily constrained by hygiene regulations. The house extension, meanwhile, is a one-off project perpetually derailed by subcontractor dependencies and planning requirements. Putting lean principles under pressure across such different settings exposes something important: generic solutions don't travel well. The tools that fix a warehouse simply won't fix a building site. Akhtar (2025) makes exactly this point, noting that lean deployment succeeds when it adapts to the specific operational reality in front of it, rather than defaulting to whatever the textbook recommends. For each scenario, this report maps the current operational situation, identifies and quantifies wastes where possible, proposes two targeted improvements, and honestly assesses what those improvements would actually cost and what would get in the way of delivering them.
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[bookmark: _Toc224195981]Figure 1 Relative frequency of TIMWOOD waste types in operations management literature
 (indicative distribution based on Akhtar, 2025; Slack et al., 2022)
[bookmark: _Toc224218688]2. Warehousing Operations for an Online Retailer
[bookmark: _Toc224218689]2.1 Current Situation and Waste Identification
Modern e-commerce warehouses are pressure cookers. Demand is highly volatile, order frequency is punishing, and customers increasingly expect next-day delivery as standard. This environment generates almost every kind of TIMWOOD waste simultaneously. Traditional lean literature assumes that systematic lean tools will automatically deliver efficiency gains here (Womack and Jones, 2003; Akhtar, 2025), but that view is starting to look outdated. An e-commerce fulfilment centre is not a factory floor. As Slack, Brandon-Jones and Johnston (2022) observe, heavy robotics investment at Amazon-scale facilities has already engineered out much of the traditional Motion and Non-utilised Talent waste. There is also a methodological risk in transferring factory metrics to variable-mix logistics (Surdadi, Ahmad and Saryatmo, 2023). For this reason, this report argues against blanket lean adoption in favour of a targeted TIMWOOD audit. Motion — the wasted physical effort of pickers navigating sub-optimal layouts — remains the highest-leverage problem to solve.
The wastes currently evident in an online retail warehouse are captured in Table 1.
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[bookmark: _Toc224195941]Table 1 TIMWOOD Waste Identification — Warehousing Operations for an Online Retailer
[bookmark: _Toc224218690]2.2 Quantification of Wastes
Measuring waste in a warehouse comes down to time and money. According to Akhtar (2025), the three metrics that matter most are picker travel distance, mis-pick rate, and order fulfilment cycle time. Order picking alone accounts for 50 to 65% of total warehouse operating costs (CILT, 2023), making Motion and Transportation particularly damaging in financial terms. Table 2 presents estimated benchmarks against industry targets.
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[bookmark: _Toc224195942]Table 2 Quantification of Key Lean Wastes — Warehousing Operations (Estimated Metrics vs. Industry Benchmarks)
These results are not merely theoretical. Slack, Brandon-Jones and Johnston (2022) point to functional cost savings of around 25%, alongside measurable improvements in order accuracy and cycle times. Similar Overproduction and Inventory dynamics emerge in food manufacturing, as examined in Section 3.
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[bookmark: _Toc224195982]Figure 2 Slotting Optimisation — Current State vs. Future State Picker Routing in an E-Commerce Warehouse
[bookmark: _Toc224218691]2.3 Improvements
Two improvement areas are proposed for the online retail warehouse:
Improvement 1 — Slotting Optimisation (targets Motion and Transportation)
Layout inefficiencies are resolved through slotting optimisation: repositioning SKUs based on sales velocity, physical dimensions, and co-purchase patterns. A standard ABC classification places high-velocity 'A' items closest to packing stations, drastically cutting picker travel distances. Womack and Jones (2003) have long argued that reorganising the workspace to eliminate Motion waste delivers some of the highest returns available to managers. In practice, Surdadi, Ahmad and Saryatmo (2023) measured a 16.8% lead-time reduction from layout interventions alone. Treating slotting as a continuous rolling review — rather than a one-off project — converts a static inefficiency into an adaptable operational capability.
Improvement 2 — ABC Inventory Analysis and Demand-Driven Replenishment (targets Inventory and Overproduction)
Applying that ABC classification to replenishment policy stops the warehouse treating all safety stock identically. Fast-moving 'A' items can operate on lower safety buffers because they turn over constantly; slow-moving 'C' items may be better served by supplier direct-shipping. Excess inventory is almost always a symptom of a push-based supply system (Slack, Brandon-Jones and Johnston, 2022), making pull-based Kanban replenishment the obvious lean alternative. Switching to demand-driven replenishment directly eliminates Overproduction waste, because pickers stop gathering orders before the dispatch bays are ready to process them.
[bookmark: _Toc224218692]2.4 Costs and Obstacles to Implementation
Running a slotting optimisation project isn't free. Management needs to invest around 20 to 40 hours of raw labour time into it for a medium-sized facility. If you rely on software, reconfiguring the Warehouse Management System (WMS) will probably cost anywhere from £5,000 to £15,000, depending on how outdated your current tech is (CILT, 2023). On the other hand, ABC inventory analysis is virtually free if you already have the ERP data. The real catch is switching to demand-driven replenishment. It demands tight coordination with suppliers, which usually pushes up your short-term admin costs.
The most stubborn barrier is not technical — it is cultural. New working patterns trigger resistance from warehouse staff whose familiar routines are disrupted; active senior sponsorship is required well before benefits materialise (Slack, Brandon-Jones and Johnston, 2022). E-commerce demand volatility compounds this: a perfectly optimised slotting layout can be rendered obsolete by a single Black Friday surge, forcing management into a relentless cycle of re-slotting just to maintain baseline efficiency.


[bookmark: _Toc224218693]3. Food Production — Baked Bean Manufacturing
[bookmark: _Toc224218694]3.1 Current Situation and Waste Identification
Baked bean manufacturing relies on a high-volume, continuous process. It pushes raw ingredients through a strict sequence: cleaning, cooking, canning, and then sterilisation. Slack, Brandon-Jones and Johnston (2022) point out that batch-scheduled food factories like this are incredibly prone to Overproduction and Defects. Why? Because factories almost always produce to a sales forecast rather than actual supermarket demand. This creates massive surpluses that either expire on the shelf or eat up expensive warehouse space. But applying pure lean principles here isn't as simple as just copying the Toyota Production System. In the UK, the Food Standards Agency (2024) legally mandates minimum hygiene stock levels. They also require strict traceability. This rules out aggressive Just-in-Time scheduling right from the start.
There is also an important environmental dimension that traditional lean metrics often undercount. Food waste generates significant CO2 equivalent emissions and landfill burden (WRAP, 2023). Overproduction in this context is therefore the highest-leverage waste: it triggers a compounding chain reaction, building excessive Inventory that ages, elevating Defect risk, and expanding the environmental footprint simultaneously. Table 3 identifies the seven TIMWOOD wastes in the baked bean manufacturing context.
	Waste Type
	Description
	Operational Example
	Severity

	Transportation
	Unnecessary movement of materials between process stages
	Fork-lift movement of bean pallets between incoming store and soaking tanks due to layout inefficiency
	Medium

	Inventory
	Excess raw materials and finished goods stock
	Raw bean stockpiles exceeding two weeks of production; finished can buffer exceeding retailer pull signal
	High

	Motion
	Unnecessary worker movement within the production area
	Manual ingredient weighing stations located away from sauce preparation tanks
	Medium

	Waiting
	Idle time in the production process
	Line stoppages during can-line changeovers between product variants (e.g. reduced-salt specification)
	High

	Overproduction
	Producing beyond current demand
	Batch scheduling to full capacity irrespective of retailer order
	High

	Overprocessing
	Excessive or redundant process steps
	Duplicate manual inspection of cans already verified by automated optical sorters
	Medium

	Defects
	Non-conforming product
	Underfilled cans, miscoded labels, spillage from can-sealing failures
	High


[bookmark: _Toc224195943]
Table 3 TIMWOOD Waste Identification — Food Production (Baked Bean Manufacturing)
[bookmark: _Toc224218695]3.2 Quantification of Wastes
WRAP (2023) estimates that the UK food and drink manufacturing sector produces roughly 1.9 million tonnes of food waste annually, much of it from overproduction and spoilage. Table 4 presents estimated waste metrics for a medium scale baked bean plant against lean targets.
	Waste Type
	Current Metric (Estimated)
	Lean Target
	Gap

	Overproduction
	8–12% above retailer order volume per batch
	<2% variance
	4–6x above target

	Defects (can failure rate)
	1.5–2.5% of output
	<0.3%
	5–8x above target

	Waiting (changeover time)
	45–90 minutes per product variant change
	<15 minutes (SMED target)
	3–6x above target

	Inventory (raw material cover)
	18–25 days of raw bean stock
	7–10 days
	70–150% excess

	Transportation (inter-department)
	120–180 metres average ingredient travel
	40–60 metres
	2–3x above minimum


[bookmark: _Toc224195944]
Table 4 Quantification of Key Lean Wastes — Food Production (Estimated Metrics vs. Lean Targets)
WRAP (2023) calculates that discarding one tonne of food waste generates roughly 4.2 tonnes of CO2 equivalent across its lifecycle. For a facility producing 50,000 tonnes annually, a 5% waste rate due to overproduction or defects generates over 10,500 tonnes of CO2 — figures that carry genuine regulatory weight under the UK Environment Act 2021. This contrasts sharply with the warehousing scenario: unsold stock in a fulfilment centre is a financial loss, whereas excessive Inventory in food manufacturing incurs direct legal and environmental liability.
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[bookmark: _Toc224195983]Figure 3 Value Chain for Baked Bean Production — Primary Activities and Lean Waste Touch Points (adapted from Porter, 1985; Slack et al., 2022)
[bookmark: _Toc224218696]3.3 Improvements
Two improvement areas are proposed for the baked bean production facility:
Improvement 1 — SMED (Single Minute Exchange of Die) to Reduce Changeover Waiting Time
SMED targets one specific problem: long production changeover times. SMED works by shifting tasks. Specifically, it takes activities that currently have to happen while the production line is stopped — internal changes — and converts them into work that can be prepared while the line is still running. Caballero-Rojas, Palacios-Aguilar and Altamirano-Flores (2021) found that pairing SMED with Total Productive Maintenance in food processing cut changeover durations by up to 60%. In a baked bean facility, the main target is the can-line variant changeover. Tackling just the label reel changes and sauce formulation switches — moving both into external preparation — could realistically halve a 45–90-minute stoppage and release meaningful productive capacity without any capital outlay.


Improvement 2 — Just-in-Time Pull Scheduling (targets Overproduction and Inventory)
Moving from a push-based batch schedule to a demand-driven pull system goes straight at Overproduction. Slack, Brandon-Jones and Johnston (2022) point to JIT as the natural lean instrument for this in continuous manufacturing environments. That said, pure JIT runs into a hard wall in UK food production: FSA (2024) minimum stock requirements make it unworkable in its standard form. The practical route is a hybrid — sizing production batches to 103–105% of confirmed retail orders and triggering raw material replenishment from kanban signals on the factory floor, rather than from a master forecast produced weeks in advance. Flores-Perez, Poma-Cornejo and Vargas-Balbin (2023) found a comparable approach cut excess inventory by 30–40% in a similar food SME.
[bookmark: _Toc224218697]3.4 Costs and Obstacles to Implementation
SMED implementation requires a structured kaizen event (typically 3–5 days with a facilitated team), followed by standardised work documentation and operator training — estimated at £8,000–£20,000 in total facilitation and documentation cost depending on facility size. JIT-informed scheduling requires closer integration with retailer ordering systems and may necessitate ERP configuration changes; supplier coordination costs and modest IT investment can total £10,000–£30,000. Neither improvement requires capital equipment investment, making both financially accessible.
The main challenges here are supplier reliability and strict regulations. Because JIT-informed scheduling runs much leaner, it massively amplifies the damage of any raw material delivery failures. At the same time, FSA hygiene requirements put a hard regulatory minimum on exactly how far safety stock can actually drop. Then there is the human element. Operators who have spent years working to a 'make as much as possible' culture require serious retraining to understand lean pull signals. Crucially, the UK Environment Act 2021 has made food waste reporting a mandatory challenge for larger manufacturers. That means turning a blind eye to Overproduction is no longer just bad economics; it is a serious corporate risk (FSA, 2024).


[bookmark: _Toc224218698]4. Building an Extension on a House
[bookmark: _Toc224218699]4.1 Current Situation and Waste Identification
A residential house extension differs fundamentally from a warehouse or food production line. It is a one-off project that relies on a fragmented sequence of specialist trades arriving at precisely the right moment. Lean construction theory argues that this fragmentation hardwires building sites for waste — a point made by Koskela (1992) and reinforced by Ibitayo (2025). However, as Tamošaitienė and Starta (2019) note, health and safety regulations and building inspections cannot simply be bypassed because they generate Waiting waste, making lean construction considerably more complex than its manufacturing equivalent. Critically, Waiting on a building site carries a severe compound effect: a single groundwork delay cascades through every downstream trade, each rescheduling triggering remobilisation costs absent from the other two scenarios. Table 5 identifies the seven TIMWOOD wastes in the house extension construction context.
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[bookmark: _Toc224195945]Table 5 TIMWOOD Waste Identification - Building an Extension on a House
[bookmark: _Toc224218700]4.2 Quantification of Wastes
Rework is where UK construction bleed is most clearly visible in the data. HSE (2023) figures put the cost at somewhere between 5% and 11% of a project's total budget in residential builds — and that's just the direct cost. Ibitayo (2025) draws on CQIC research estimating that avoidable errors across the sector run to about £5 billion a year. Table 6 maps out where those losses are concentrated on a typical house extension.
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[bookmark: _Toc224195946]Table 6 Quantification of Key Lean Wastes — House Extension Construction (Estimated Metrics vs. Benchmarks)
The compound Waiting effect carries severe financial consequences. Maponga, Emuze and Smallwood (2025) found that under traditional scheduling, constraint failures account for nearly a quarter of a project's total overrun. On a ten-week house extension, that equates to over two weeks of lost production, escalating subcontractor claims, and a dissatisfied client. This mirrors the same dynamic seen in Section 3: when a core waste type goes unmanaged, failure costs escalate non-linearly.
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[bookmark: _Toc224195984]Figure 4 Last Planner System — Pull Scheduling Flow for Building Extension Projects (adapted from Patel and Pitroda, 2022; Tamošaitienė and Starta, 2019)
[bookmark: _Toc224218701]4.3 Improvements
Two improvements are proposed for the house extension project:
Improvement 1 — Last Planner System (LPS) to Eliminate Waiting Cascade
The Last Planner System works by doing something most project managers still find counterintuitive: it hands schedule ownership to the people who actually build things. Rather than working from a top-down master plan, trades sit down together each week and commit only to what they know they can genuinely deliver (Patel and Pitroda, 2022). Anything that might block that — a material shipment running late, an inspector sign-off still outstanding gets identified and resolved before the week even starts. That's how the idle time cascade gets broken before it forms. Tamošaitienė and Starta (2019) measured what this looks like in practice: Percent Plan Complete can jump from a sector average of 55% to well above 80%, including on smaller residential projects (Patel and Pitroda, 2022).

Improvement 2 — Building Information Modelling (BIM) to Reduce Defects and Motion
BIM shifts the problem-solving from the building site to a screen. Before groundworks begins, the entire project exists as a working 3D model — one that can flag clashes between structural elements, plumbing, and electrical runs before anyone picks up a tool. Maponga, Emuze and Smallwood (2025) found this kind of early conflict detection cuts demolition and rework waste dramatically. On a house extension, this matters twice over. It reduces Defects because design problems get caught at the model stage rather than the rebuild stage. And it cuts Motion waste too, since operatives turn up knowing exactly what materials they need, rather than making repeated trips back to the store. Ibitayo (2025) recorded meaningful efficiency gains from exactly this kind of BIM-coordinated approach on residential-scale projects.
[bookmark: _Toc224218702]4.4 Costs and Obstacles to Implementation
LPS does carry upfront costs. Facilitator training typically runs £800 to £1,500 per person, and the weekly commitment meetings pull trades off the tools for a couple of hours each time. But on a project valued between £80,000 and £150,000, that overhead rarely breaks 1% of contract value — which makes it a fairly cheap way to avoid the rework costs that typically eat 5–11% of a standard residential budget (HSE, 2023).
The main obstacles are capability and compliance. Small residential contractors rarely carry in-house BIM expertise, meaning the client or main contractor typically bears training and software costs. Planning authority delays impose externally driven Waiting waste beyond the project team's control. Environmental obligations are also significant: construction generates over 60% of all UK waste, and CDM Regulations 2015 must be integrated into the LPS constraint-removal process rather than treated as a separate compliance task (HSE, 2023).


[bookmark: _Toc224218703]5. Conclusion
The TIMWOOD framework is a fantastic diagnostic tool. But comparing these three operations reveals something much more important than just identifying waste. Waste is everywhere. What actually matters is how the underlying physics of a specific environment changes the character of that waste. Those differences completely dictate which lean tools you actually need to fix it.
Take Waiting and Defects. They surface repeatedly as massive problems across all three scenarios. But the engines driving them couldn't be more different. In a warehouse, Waiting is usually just a synchronisation failure. It can be engineered out with smarter slotting and data-driven replenishment. In a food plant, Waiting is often literally hardcoded into the process by government hygiene regulations. The facility has no choice but to work around it using SMED and modified JIT. On a building site, Waiting is a structural disease. A tiny delay on day one cascades through a fragmented chain of subcontractors, compounding costs exponentially unless trapped early by something like the Last Planner System.
This exposes the biggest flaw in the TIMWOOD framework itself. As Slack, Brandon-Jones and Johnston (2022) suggest, TIMWOOD is great for describing problems, but it is strategically flat. It doesn't tell a manager what to fix first. If a company tries to apply lean uniformly — attacking all seven wastes at the exact same time with equal intensity — it risks fundamentally misallocating its resources. The highest-leverage waste simply isn't the same everywhere. In the warehouse, it's Motion. In the baked bean factory, it's Overproduction. In the house extension, it's Waiting. Picking the right lean tool requires serious contextual triage.
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[bookmark: _Toc224195947]Table 7 Comparison Table
Ultimately, TIMWOOD is just a starting line. The real power of lean management does not lie in memorising seven types of waste. It comes from the discipline of adapting solutions to brutal operational realities. Blindly applying textbook theory is exactly what separates companies adopting the language of lean vocabulary from organisations that actually deliver lean results.
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[bookmark: _Toc224218706]Appendix 1 – Detailed Assumptions and Calculation Basis for Waste Quantification Metrics
	Waste Type (Scenario)
	Current Metric Used in Report
	Exact Calculation Basis / Assumption
	Data Source Referenced in Report
	Realistic Range Checked Against

	Motion – Warehouse picker travel
	12–18 km per shift
	250 picks/shift × average 50 m extra travel per pick (sub-optimal slotting) × 8-hour shift
	CILT (2023) + Surdadi et al. (2023)
	6–9 km benchmark (Akhtar, 2025)

	Defects – Baked bean can failure
	1.5–2.5% of output
	50,000 tonnes annual output × 2% average failure rate × £1.20 per can rework cost
	WRAP (2023) + FSA (2024)
	<0.3% SMED target

	Waiting – House extension trades
	15–25% of total trade hours
	10-week project × 6 trades × 40 hours/week × 20% average idle time (inspector/trade dependency)
	HSE (2023) + Ibitayo (2025)
	<5% LPS target (Patel & Pitroda)

	Overproduction – Baked beans
	8–12% above retailer order
	Weekly batch size 10,000 cases × 10% average forecast error × £0.85 unit cost
	WRAP (2023)
	<2% JIT hybrid target

	Defects (rework cost) – House
	8–11% of contract value
	£85,000 average extension × 9.5% average rework (demolition + labour)
	HSE (2023) + CQIC data
	<2% target



[bookmark: _Toc224218707]Appendix 2 – Summary of All Proposed Improvements, Costs, Obstacles and Mitigation Strategies
	Scenario
	Improvement 1
	Est. Cost (one-off)
	Improvement 2
	Est. Cost (one-off)
	Main Obstacle
	Mitigation Strategy (already in report)
	Expected Payback Period

	Online Retail Warehouse
	Slotting Optimisation
	£5k–£15k (WMS)
	ABC + Demand-Driven Replenishment
	£0 (ERP data)
	Cultural resistance + demand volatility
	Senior sponsorship + rolling re-slotting
	4–6 months

	Baked Bean Manufacturing
	SMED (changeover reduction)
	£8k–£20k
	Hybrid JIT Pull Scheduling
	£10k–£30k
	FSA hygiene stock rules + supplier reliability
	103–105% batch sizing + kanban signals
	6–9 months

	House Extension Project
	Last Planner System (weekly pull)
	£2k–£5k (training)
	(Optional: Site 5S layout + material kitting)
	£1k–£3k
	Trade dependency & inspector delays
	Pre-week constraint removal meetings
	1 project (10 weeks)
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