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Executive summary
This report analyses three operational environments: manufacturing materials handling, e‑commerce warehousing and baked‑bean food production. By using lean principles to identify and eliminate the seven wastes (TIMWOOD). Across the scenarios, the most significant wastes were transportation and waiting in manufacturing, motion and defects in warehousing, and defects and waiting in food production.
Targeted lean improvements were developed for each setting, including point‑of‑use storage with scheduled milk‑runs, ABC slotting with pick‑to‑light verification, and SMED‑based changeover reduction with enhanced in‑process quality control. These interventions require modest investment in racking, software, sensors, and training, with implementation challenges such as staff resistance and process validation addressed through pilots, visual management, and standardized work.
In summary, the proposals offer substantial reductions in non‑value‑adding movement, rework, and downtime, demonstrating how lean methods can significantly improve productivity, quality, and resource efficiency across diverse operational contexts.
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[bookmark: _Toc224572427]1. Introduction
[bookmark: _Toc224572428]1.1 Background and purpose
Lean thinking is an operations management philosophy that focuses on maximizing value for the customer while minimizing waste in processes (Gurumurthy, et al., 2024). It originated in manufacturing but is now widely applied across services, logistics, and food production because it can improve efficiency, quality, and responsiveness (Yang, et al., 2025). A central concept in lean is the identification and elimination of the seven wastes, often summarized by the TIMWOOD acronym: Transport, Inventory, Motion, Waiting, Overproduction, over‑processing, and Defects (SafetyCulture Content, 2025). Reducing these wastes helps organizations lower costs, shorten lead times, and use resources more effectively, without compromising product quality or safety.
The purpose of this report is to investigate how the seven wastes of lean manifest in three different operational contexts and to evaluate practical opportunities for improvement. Specifically, the report examines materials handling in a production environment, warehousing operations for an online retailer, and food production in a baked beans process. For each scenario, the report identifies and quantifies key wastes, proposes targeted improvements, and assesses the likely costs and implementation challenges.
While lean provides a powerful lens for waste elimination, several authors argue that its effectiveness depends heavily on organisational culture and cross-functional alignment, which can limit transferability across sectors.
[bookmark: _Toc224572429]1.2 Overview of selected scenarios
This research explores three operational scenarios: materials handling in manufacturing, warehousing for online retail, and baked beans production. These contexts were selected because they each involve repeated flows of materials and information where the seven wastes of lean can significantly affect cost, lead time and service performance.
When it comes to materials handling, the focus is on how raw materials, components, and finished products are moved, stored, and supplied within a factory. Inefficient layouts, double handling of items, and poorly planned internal transport often led to excessive transportation and motion, unnecessary in-process inventory, and waiting time at production stations. For example, long distances between storage and workstations or frequent use of forklifts and pallet trucks to transfer parts can increase non-value-adding handling and the risk of damage. Analysing this scenario makes it possible to explore how lean concepts such as flow, point‑of‑use storage, and layout redesign can reduce internal logistics waste (Skhmot, 2026).
The scenario for warehouse operations considers an online retailer’s facility where goods are received, stored, picked, packed, and dispatched to customers. E-commerce warehouses are typically characterized by large SKU ranges and high order volumes, which can create significant waste through inefficient picking routes, excess walking, misplaced inventory, and order errors. Poorly optimized storage, inadequate picking methods, and ineffective warehouse management systems lead to unnecessary movement, delays in stock or information retrieval, and errors resulting in rework. Applying lean warehouse principles, including simplified pick routes, demand-based slotting, and enhanced visual and digital management, enables the exploration of waste reduction in a logistics environment (Modula, 2025; Hand, 2025).
The baked beans production case represents a high-volume food manufacturing process. This typically involves stages such as ingredient preparation, cooking, filling, seaming, sterilization, labelling, and packaging. In such environments, long and complex process flows, strict hygiene requirements, and changeovers between product types can lead to waiting time, overproduction, rework, and physical waste of product and packaging. For instance, poorly balanced lines and changeover times may cause upstream or downstream equipment to be idle, while any defects or contamination can result in scrapped batches and additional handling. Applying lean manufacturing ideas to this scenario supports analysis of how layout, standardized work, 5S, and improved process control can reduce both non‑value‑added activities and material waste in the food industry (Norman, et al., 2023; Arctica Ltd, 2026).




[bookmark: _Toc224572430]2. Investigation into waste 
[bookmark: _Toc224572431]2.1 Materials handling in a production environment
Materials handling in a factory involves the processes of receiving, storing, moving, and supplying raw materials and finished products to production workstations. Figure 1 illustrates the material workflow in a factory.
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[bookmark: _Ref222912897][bookmark: _Toc224572449]Figure 1. Material handling workflow (Mittal & Verma, 2016).
A standard layout typically includes a central goods-in area, bulk storage racks, staging zones, and assembly lines. Utilizing forklifts or pallet trucks for transport. Ineffective coordination among purchasing, storage, and production planning can lead to material flow inconsistencies, increased expediting needs, and unnecessary handling steps that are non-value-adding (Saderova, et al., 2021). Using the TIMWOOD framework, several types of waste can be observed in such a materials‑handling system. 
Transportation waste (Figure 2) in material handling is caused by the unnecessary movement of pallets or containers between distant storage locations and workstations, resulting from poor layout, complex routes. Figure 2 shows the visualization of transport waste in material handling.
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[bookmark: _Ref222908733][bookmark: _Toc224572450]Figure 2. Transport waste in material handling. (Earley, 2026).
Inventory waste (Figure 3) in material handling occurs due to excessive safety stocks or imbalanced production rates, leading to extra work-in-progress and finished goods that occupy space and capital. 
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[bookmark: _Ref222910160][bookmark: _Toc224572451]Figure 3. Inventory waste. (Chan, 2018).

Motion waste (Figure 4) in material handling appears in operators travelling long distances looking for components, searching for goods, or often bending, reaching, and twisting to access unorganized storage areas. 
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[bookmark: _Ref222910971][bookmark: _Toc224572452]Figure 4. Motion waste (Skhmot, 2026).

Waiting waste (Figure 5) in material handling occurs when production operators are idle due to late material deliveries, when forklifts are delayed by congestion, or when machines are on standby for missing components. 
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[bookmark: _Ref222911542][bookmark: _Toc224572453]Figure 5. Waiting waste in manufacturing (Skhmot, 2026).
Overproduction waste (Figure 6) in material handling happens when earlier processes create large batches unnecessarily, leading to excessive handling and storage of unneeded materials downstream.
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[bookmark: _Ref222912304][bookmark: _Toc224572454]Figure 6. Over production waste (Skhmot, 2026).
Over-processing (Figure 7) in material handling can happen when components are excessively checked and repackaged during handling or when overly complicated handling equipment and documentation are utilized instead of simpler alternatives. 
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[bookmark: _Ref222913133][bookmark: _Toc224572455]Figure 7. Waste occurs due to overprocessing (Skhmot, 2026).
Finally, defects (Figure 8) in materials handling, such as damaged parts, mixed or mislabelled pallets, and lost items, result in rework, additional movements, and potential line stoppages due to difficulty in locating the correct material.
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[bookmark: _Ref223946762][bookmark: _Toc224572456]Figure 8. Defect waste (Skhmot, 2026).
This analysis shows that materials handling is not just a support activity but a significant source of lean waste that can be addressed through layout redesign, simplified flows, and better coordination of supply to the line.

[bookmark: _Toc224572432]2.2 Warehousing operations for an online retailer
In this scenario, the warehouse receives inbound deliveries from suppliers, stores items in racking, and then picks, packs, and ships customer orders placed through an online platform. A typical layout includes receiving docks, storage aisles with shelving or pallet racking, a dedicated picking area, packing benches, and outbound docks, with staff using handheld devices, trolleys, or pallet trucks to move goods. High SKU variety and fluctuating order volumes mean that inefficient layouts, poor slotting of items, and manual processes can quickly create bottlenecks and inconsistency in performance (Rackbeat, 2025; Hand, 2025).
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[bookmark: _Toc224572457]Figure 9. Operational workflow for an E-commerce Retailer's Warehouse. (Choco Up, 2025).
Using the TIMWOOD framework, several key wastes can be observed in an e‑commerce warehouse. Transportation waste arises when orders require pickers to travel long distances across the warehouse due to inefficient layout and item locations. This leads to unnecessary movement of people and trolleys. Inventory waste appears as excess stock held “just in case,” slow‑moving items occupying prime locations that consume storage space and capital without adding value. Motion waste is seen when workers spend time walking back and forth, searching for SKUs, bending to reach awkwardly placed items, rather than following efficient, well‑defined pick paths (Musaoglu, 2025).


Waiting waste occurs when pickers or packers are idle because orders are held up by missing stock or system delays in releasing orders and labels. Overproduction waste can take the form of processing more orders or picking more units than can be packed or dispatched within the planned time, causing queues of partially completed orders and congestion at the packing area. Over‑processing is present when staff repeatedly check paperwork, manually re‑enter data already stored in the warehouse management system or repack items unnecessarily due to inconsistent packaging standards. Defects in this context include picking errors, wrong quantities, damaged items, or incorrect labelling, which trigger rework, returns handling, and additional shipping, all of which increase cost and lead time (Yew, 2023).
In the warehouse scenario, motion waste is not only a layout issue but also a symptom of poor information flow. By highlighting these wastes, the online retail warehouse scenario shows how lean warehousing principles such as optimized slotting, route optimization, visual management, and error-proofing are essential for maintaining fast, accurate, and cost-effective order fulfilment.

[bookmark: _Toc224572433]2.3 Food production: baked beans
The baked bean production shown in Figure 10 is modelled as a linear process flow for baked bean production. The workflow shows sequential unit operations where dried beans are prepared and cleaned, soaked to rehydrate, and blanched to remove impurities, then filled into pre‑formed cans, which are seamed, filled with sauce, sterilized in retorts, cooled, labelled, and packed into cases for distribution. Each stage requires precise timing, temperature control, and hygiene to ensure food safety but also creates opportunities for waste if processes are not balanced or changeovers are inefficient.
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[bookmark: _Ref223769302][bookmark: _Toc224572458]Figure 10. Baked bean production process (Seamerco Industrial Group, n.d.).
Using the TIMWOOD framework, the seven wastes can be identified. Overproduction occurs in early stages, causing beans to accumulate before filling or seaming and increasing spoilage risk. Wasted time is evident during long cleaning and allergen changeovers between batches or when the sterilization and cooling stages hold upstream filling and seaming. Transportation waste arises from unnecessary movement of beans between tanks, blanching vessels, and filling lines.
Inventory waste appears as large stocks of soaked or blanched beans waiting in buffers before filling or finished cans. Accumulating after cooling but before labelling and packing, tying up space and raising quality risks. Motion waste is seen when operators walk between stations for manual adjustments, sample collection. Overprocessing can occur through redundant manual inspections at cleaning, blanching, and filling stages. Defects include contaminated blanched beans, fill levels, sauce inconsistencies, and mislabelled packs. This leads to rework, rejection, and material loss at multiple points.
This process highlights how lean principles such as line balancing, SMED (Single-Minute Exchange of Die) for changeovers, and visual management can reduce waste in food manufacturing while upholding strict safety and quality requirements.


[bookmark: _Toc224572434]3. Quantification of waste
[bookmark: _Ref224117925][bookmark: _Toc224572435]3.1 Materials handling quantification
To understand the scale of waste in the materials‑handling process, two major wastes have been quantified: transportation and waiting. The figures below are based on realistic assumptions for a small factory supplying one main production line from a central warehouse.

[bookmark: _Ref224043440][bookmark: _Toc224572459]Table 1. Realistic assumption of transportation and waiting waste in material handling.
	Waste type
	Assumption about current process
	Calculation
	Result per 8‑hour shift

	Transportation
	One pallet of components is moved from warehouse to line 50 times per shift over 60 m per trip.
	50 trips × 60 m
	3000 m (3.0 km) of travel

	Waiting
	The production line stops 8 times per shift, waiting on average 4 minutes for materials.
	8 stops × 4 minutes
	32 minutes lost production



The data in Table 1 indicate that forklifts currently travel around 3 km per shift purely to move pallets between the warehouse and the production line, most of which does not add value to the product. This repeated movement increases fuel use, operator time and the risk of damage or accidents. In addition, the line loses around 32 minutes of productive time per shift while operators wait for materials; over a five‑day week this is more than 2.5 hours of lost capacity. These simple calculations show that transportation and waiting represent significant opportunities for improvement in the materials‑handling system.


[bookmark: _Toc224572436]3.2 Warehousing quantification
In the online retail warehouse, motion and defects were selected as the two most significant wastes to quantify. The estimates below are based on a typical manual picking operation serving one shift of customer orders. 
[bookmark: _Toc224572460]Table 2.Quantification of key wastes in warehousing
	Waste type
	Assumption about current process
	Calculation
	Result per 8‑hour shift

	Motion
	Each picker walks about 100 m per order; the warehouse processes 80 orders per shift with one picker.
	100 m × 80 orders
	8000 m (8 km) of walking

	Defects
	Around 3% (Prime Robotics, 2026) of orders are picked incorrectly and must be re‑picked; with 80 orders per shift this equals 2.4 orders (≈2–3 orders).
	80 orders×3% = 2.4 orders
	2–3 orders re‑picked (extra picking time)



These figures suggest that a single picker may walk (Stone, 2013) almost 8 km in one shift, much of which is non‑value‑adding motion caused by sub‑optimal item locations and pick routes. Re-picking 2–3 incorrect orders per shift adds extra travel, handling and administration and can also delay shipments and reduce customer satisfaction. By redesigning the layout, improving slotting and introducing error‑proofing in the picking process, both motion and defect waste could be significantly reduced.


[bookmark: _Toc224572437]3.3 Food production quantification
In the baked beans production line, defects and waiting were selected as the main wastes to quantify. The estimates below are based on a single line producing standard baked beans in cans.

[bookmark: _Toc224572461]Table 3. Quantification of key wastes in baked beans production.
	Waste type
	Assumption about current process
	Calculation
	Result per 8‑hour shift

	Defects
	The line fills and seams 20 000 cans per shift; around 1.5% (Entada, et al., 2019) are defective 
	20 000 cans × 1.5% defective
	300 defective cans per shift

	Waiting
	Unplanned stoppages for minor jams, changeover delays and small cleaning tasks total about 40 minutes per shift. (Bosson, 2025)
	Sum of short stoppages ≈ 40 minutes
	40 minutes of lost production time



These figures indicate that approximately 300 cans per shift are either scrapped or reworked due to quality issues at filling, seaming or labelling. This represents a direct loss of materials, energy and labour. In addition, around 40 minutes of effective production time is lost each shift due to short stoppages, changeover delays and small cleaning operations that prevent the line from running continuously. Over a five‑day week, this equates to 200 minutes of downtime, reducing available capacity and increasing unit cost. Quantifying defects and waiting in this way highlights where lean improvements such as better process control, changeover reduction and root‑cause analysis of stoppages could deliver significant benefits for the baked beans process.


[bookmark: _Toc224572438]4. Evaluation of improvements 
[bookmark: _Toc224572439]4.1 Materials handling improvement proposals
This section proposes two key lean improvements for the materials‑handling process, directly targeting the quantified wastes of excessive transportation distance and waiting time at the line.

Layout change and point‑of‑use storage (MTEC, 2024)
The first improvement is to redesign the layout so that frequently used components are stored in point‑of‑use storage (POUS) racks located adjacent to the production line, rather than in a central warehouse. Point‑of‑use storage places raw materials at the work centre where they are used, eliminating intermediate moves from receiving to a distant store and then back to the line. By introducing line‑side supermarkets or flow racks that are restocked from the main warehouse, the average travel distance per pallet moves and the number of forklift trips per shift can be significantly reduced, cutting transportation waste, handling time and the risk of damage. This directly addresses the current 3 km of non‑value‑adding forklift travel per shift that is identified in section 3.1 Materials handling quantification.

Scheduled milk‑run replenishment with Kanban (KanbanBOX Srl, 2026)
The second improvement is to replace irregular material orders with a milk‑run supply system controlled by Kanban or e‑Kanban signals. In a milk run, a tugger or logistics train follows a fixed, standardised route and timetable, collecting empty containers and delivering full ones at multiple workstations, rather than responding to urgent individual calls. Electronic or card‑based Kanban signals are triggered when line‑side stock reaches a defined minimum, so refilling occurs before a stockout, and production operators are no longer required to wait for materials. This approach standardises internal logistics, optimises picking and delivery routes, and has been shown to reduce transport and waiting waste by minimizing urgent deliveries and ensuring that each workstation receives only what is needed, when it is needed. As a result, the 32 minutes of line waiting time per shift estimated in section quantification could be substantially reduced. While Kanban reduces waiting waste, it introduces dependency on accurate demand signals. Any inaccuracies in upstream forecasts may spread rapidly.


[bookmark: _Toc224572440]4.2 Warehousing improvement proposals
This section proposes two key lean improvements for the online retail warehouse, targeted at the quantified motion and defect wastes in order picking.
Optimised slotting and pick‑path design (ISM, 2025)
This section discusses improvements in warehouse efficiency through redesigning storage locations using ABC/velocity-based slotting and structured pick paths. It emphasises placing fast-moving SKUs close to packing areas and main picking routes to minimise walking distances and picking times, with studies showing reductions of 15-30% in motion waste. It also highlights the importance of clear signs, logical pick paths, and grouping commonly picked items, along with ergonomic considerations to enhance productivity and accuracy. Implementing standardised routes can help eliminate non-value-adding motions, aligning with lean objectives.
Scan verification and standard work (Mecalux, S.A., 2026; Exotec, 2024)
The second improvement focuses on reducing picking defects through error-proofing technologies like barcode scan-to-confirm and pick-to-light systems. These methods, supported by clear standard work instructions, enable high picking accuracy, often exceeding 99.5%. Lean warehousing advocates for confirming every pick to attain nearly zero error rates, thus minimising re-picks and associated costs. Standardising the picking method reduces operator variation and the current 3% re-pick rate. Together with improved slotting, these measures emphasise building quality into the picking process from the outset, in line with lean principles.


[bookmark: _Toc224572441]4.3 Food production improvement proposals
For baked beans, two strong improvements are reducing defects and waiting, linked directly to your 3.3 numbers.
Reduce changeover and cleaning time with SMED (Flood, 2026)
A major source of waiting waste in baked bean processing is downtime during changeovers and cleaning. Implementing the SMED (Single-Minute Exchange of Die) approach can significantly reduce this downtime by distinguishing between internal and external tasks and standardising processes, leading to 30-50% reductions in changeover time. This increase in equipment availability allows for smaller batch sizes without higher costs, which is crucial in food processing due to frequent recipe changes and allergen management. For the baked beans line, applying SMED entails mapping all activities from one product run to the next and performing many tasks externally while the line operates. Standardising cleaning procedures, utilising 5S for tools, and employing visual checklists can decrease the estimated 40 minutes of waiting per shift, thereby enhancing output without altering line speed.
Strengthen in‑process quality control and standard work (Labs, 2019)
Defects in canning, including under-filled cans and incorrect labelling, result in an estimated 1.5% of cans being scrapped or reworked each shift. Lean food production emphasises integrating quality through standard operating procedures (SOPs) and in-line monitoring rather than end-of-line inspection. Implementing standardised checks at critical control points can detect and correct defects promptly. Visual SOPs assist operators in maintaining equipment consistency. Case studies indicate that applying lean principles can reduce defects and scrap by 30% or more. For the baked beans line, improved in-process control could significantly reduce defective cans, cut material loss and enhancing product quality.


[bookmark: _Toc224572442]5. Costs and implementation issues
[bookmark: _Toc224572443]5.1 Materials handling costs and obstacles
[bookmark: _Toc224572462]Table 4. Costs and implementation issues for materials handling improvements.
	Improvement
	Main costs
	Estimated cost level
	Key obstacles & mitigation

	Point‑of‑use storage
	- Line‑side racking and flow racks (£3k–£10k) 
- Minor layout changes (£2k–£5k) 
- Operator training (1–2 days)
	Medium (£5k–£15k)
(Normiris, 2025)
	- Resistance to new locations 
- Space at line 
Mitigation: Pilot one-line, visual signage (Chinoy & Tunesi, 2024)

	Milk‑run with Kanban
	- Standard containers (£1k–£3k) 
- Route design (£1k–£2k) 
- Tugger or e‑Kanban software (£2k–£5k)
	Low–Medium (£3k–£10k)
(Log‑hub, 2025)
	- Discipline with Kanban 
- Poor route planning 
Mitigation: Train team, fixed schedule pilot informs (Bae, et al., 2016)



The total upfront cost is modest compared to the benefits. Most costs are one‑time (racking, containers), with ongoing savings from lower fuel, labour and damage. The biggest challenge is change of management as the staff must trust the system. 


[bookmark: _Toc224572444]5.2 Warehousing costs and obstacles
[bookmark: _Toc224572463]Table 5. Costs and implementation issues for warehousing improvements.
	Improvement
	Main costs
	Estimated cost level
	Key obstacles & mitigation

	ABC slotting & pick‑path design
	- Slotting analysis software or consultant (£2k–£5k) 
- Relocation labour and signage (£1k–£3k) 
- Staff training (1 day per team)
	Low (£3k–£8k)
(Gadeyne, 2026)
	- Resistance to new locations 
- Temporary disruption to picking 
Mitigation: Phased rollout by zone, show before/after data login. (Sullivan, 2026)

	Pick‑to‑light / scan verification
	- Barcode scanners or pick‑to‑light modules (£5k–£15k) 
- WMS integration (£3k–£8k) 
- Training on new process (1–2 days)
	Medium (£8k–£23k)
(Voodoo Robotics, 2026)
	- Learning curve for pickers 
- Integration with existing WMS 
Mitigation: Pilot on high‑volume orders, hands‑on training. (Pinto, 2025)



The total investment is moderate, with slotting changes being low‑cost and quick to implement, while pick‑to‑light offers higher accuracy at greater upfront cost. Benefits include less walking and fewer re‑picks, reducing labour and returns. Applying Kotter’s change model would strengthen adoption by ensuring that staff resistance is addressed through vision-building and short-term wins.


[bookmark: _Toc224572445]5.3 Food production costs and obstacles

[bookmark: _Toc224572464]Table 6. Costs and implementation issues for food production improvements.
	Improvement
	Main costs
	Estimated cost level
	Key obstacles & mitigation

	SMED for changeovers/cleaning
	- Training workshop (1–2 days) (£1k–£2k) 
- Standardised tools/cleaning kits (£1k–£3k) 
- Process mapping time
	Low (£2k–£5k)
(Gerónimo, et al., 2022)
	- Hygiene compliance during trials 
- Operator resistance to new sequence 
Mitigation: Pilot one recipe change, visual checklists (Hamlett, 2023)

	In‑process quality control
	- Vision/weight sensors at filling/seaming (£10k–£25k) 
- Integration with line controls (£5k–£10k) 
- SOP development/training
	Medium–High (£15k–£35k)
(OAL, 2026)
	- Validation for food safety regs 
- False rejects/disruption 
Mitigation: Start with offline tests, gradual rollout (Wayne Labs, 2019)



SMED is low‑cost and high‑impact, mainly requiring training and minor tools, with case studies showing 21–79% changeover reductions and savings of £130k+ annually. Quality control investments are higher but reduce scrap via automated checks. Challenges include regulatory approval for food contact and change management addressed through pilots, validation and clear SOPs.
[bookmark: _Toc224572446]
6. Combined Evaluation of the Three Operational Scenarios
A cross-scenario evaluation across materials handling, warehousing, and baked-bean production reveals consistent patterns of waste, despite variations in products, technologies, and regulations. Key issues include motion, waiting, and defects, indicating systemic process weaknesses rather than isolated technical problems. Manufacturing waste stems from layout limitations and batch practices, while e-commerce warehousing suffers from human-centric activities and digital delays. Food production experiences stoppages and quality defects due to hygiene regulations. These wastes are interdependent, reinforcing the need for value-stream-level improvements rather than isolated efforts. Opportunities exist to enhance information flow, reduce variability, and align physical and digital systems across all sectors, confirming that lean principles can be transferable but must adapt to operational contexts for effective waste elimination and performance improvement.
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Appendices
Appendices A: TIMWOOD Waste Framework
	Waste
	Definition
	Example in Report

	Transport
	Unnecessary movement of materials or products.
	3 km forklift travel per shift (Table 3.1)

	Inventory
	Excess stock blocking cash flow and space.
	Bulk warehouse storage (Section 2.1)

	Motion
	Unnecessary worker movement.
	8 km picker walking per shift (Table 3.2)

	Waiting
	Idle time waiting for materials or processes.
	32 min line stops (Table 3.1)

	Overproduction
	Producing more than needed.
	Excess cans before demand (Section 2.3)

	Over-processing
	Extra steps beyond customer requirements.
	Repeated checks (Section 2.1)

	Defects
	Errors requiring rework or scrap.
	300 cans scrapped (Table 3.3)



Appendices B: Detailed Waste Calculations
Materials Handling (Table 3.1):
Transportation: 50 pallet trips × 60 m = 3,000 m (3 km)
Waiting: 8 stops× 4 min = 32 min lost production

Warehousing (Table 3.2):
Motion: 80 orders × 100 m/order = 8 km walking
Defects: 80 orders× 3% error rate = 2.4 orders re-picked
Food Production (Table 3.3):
Defects: 20,000 cans× 1.5% = 300 cans scrapped
Waiting: 40 min short stoppages/shift

Appendices C: Cost Summary Across All Scenarios
	Scenario
	Total Estimated Cost
	Main Benefits

	Materials Handling
	£8k–£25k
	3 km less travel, 32 min less waiting

	Warehousing
	£11k–£31k
	8 km less walking, 3% fewer errors

	Food Production
	£17k–£40k
	300 fewer defects, 40 min less downtime



Appendices D: Improvement Impact Summary
	Improvement
	Targeted Waste
	Expected Reduction

	POUS & Milk-run
	Transport/Waiting
	50–70% travel distance

	ABC Slotting
	Motion
	20–30% walking distance

	Pick-to-light ​
	Defects
	80–95% error reduction

	SMED Changeovers
	Waiting
	30–50% downtime

	In-process QC
	Defects
	30–50% scrap reduction



Note: All calculations and estimates based on industry benchmarks and case studies cited in main report.
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