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4. [bookmark: _Toc196648643]Introduction

The application of Six Sigma methodology has long been established to improve process capability, reduce waste, and enhance product quality across the industry. Implementing the Six Sigma DMAIC methodology has significantly reduced manufacturing industry defect rates and associated costs (Mittal et al., 2023). Slight deviations in process performance can lead to significant downstream inefficiencies and cost implications within manufacturing environments requiring high volume and precision outputs.
This project applies the Six Sigma DMAIC (Define, Measure, Analyse, Improve, Control) framework to address a distortion defect during the Concast (Continuous Caster) coil production process. Distortion was identified through internal scrap data and Value Stream Analysis (VSA) activities as a major contributor to material waste and potential customer quality risks. The defect's impact was not isolated to visual rejection criteria; it was linked directly to critical downstream failures such as the "short cut" tab, compromising product safety and performance.
Given the volume of scrap recorded and the criticality of associated risks, a structured problem-solving approach was necessary. Initially, the project focuses on controlling output from the Concast process and establishing stability and repeatability before extending corrective actions downstream within the broader manufacturing value stream.
This study uses technical analysis and practical operational considerations to demonstrate production constraints. Measurement system reliability, root cause identification, improvement prioritisation, and sustainability planning are considered in a balanced way, acknowledging resource limitations without losing sight of process goals.
This project seeks to reduce distortion-related scrap by 20% and embed a higher level of process discipline and quality assurance culture within the coil production workflow.


5. [bookmark: _Toc196648644]Define

5.1. [bookmark: _Toc196648645]Problem Statement
Between January and March 2025, 21,068.1 metres of coil were rejected due to distortion defects, resulting in a scrap rate of 4,342 parts per million (ppm). Requiring the lead recycling process, as rework is not viable within current production capabilities. The issue was highlighted during a Value Stream Analysis (VSA) as a key contributor to material waste, efficiency loss, and downstream quality concerns.
Distortion in coil material can result in misalignment during pasting, which may generate a specific defect known as a "Short cut tab." In this scenario, the tab, an element in the electrode connection in the battery assembly, fails to weld properly to the cast. This defect carries serious implications:
· Has the potential to create an ignition source due to poor electrical contact or arcing.
· At best, poor conductivity results in HRD (High-Rate Discharge) failure, low voltage formation issues, or complete end-of-line rejection.
This risk is also explicitly flagged in the PFMEA for the pasting cell as a high-severity failure mode.
This Green Belt project was initiated to address distortion by systematically applying Six Sigma's DMAIC methodology. The goal is to improve first-pass yield and reduce waste while supporting process safety and reliability.

5.2. [bookmark: _Toc196648646]Voice of the Customer / Critical to Quality (CTQ)
Distorted coil material creates substantial issues for internal stakeholders (operators, QA) and end customers. Defining clear Critical to Quality (CTQ) characteristics is essential when applying Lean Six Sigma principles, as it ensures customer expectations are translated directly into measurable process outputs (Eguren et al., 2025). Feedback from applications has linked distorted inputs to:
· Variation in final product capacity rates (anecdotally +/- 1% from distortion).
· This is mainly due to differences in the impedance values related to plate interconnectivity from the base of the section to the casts.
· Increased scrap load for on-site recycling, adding non-value-added activity
From a customer standpoint, defects originating from distortion threaten overall product integrity and reliability. The coil must meet CTQ parameters such as:
· Zero short tab faults, ensuring full electrical contact and weld integrity
· Internal scrap rate below 3,274 ppm, aligned with internal quality goals and battery performance standards
Failure in these areas could lead to lower performance during end-of-line testing, battery failure, or product recalls.
In addition to the operational inefficiencies and downstream quality risks outlined, the financial burden associated with distortion scrap is significant. Based on typical Concast production costs, the estimated cost impact per metre of coil is outlined below.

[bookmark: _Toc196644146]Table 1: Cost Estimations based on market rates and average wages
[image: ]
Taking a mid-range estimate of approximately £3.20 per metre, the 21,068.1 metres of distortion-related scrap observed corresponds to direct material and operating cost loss of approximately £67,418.
This table excludes secondary losses such as lost opportunity costs, additional operator handling time and potential capacity constraints. As such, the actual financial impact is likely even higher. Reducing distortion through targeted process improvements offers substantial opportunities for cost recovery and operational efficiency gains.
Based on an estimated cost of £3.20 per metre for raw material production and in-house recycling operations, the 21,068 metres of distortion scrap equates to a direct material loss of approximately £67,400 over a one-month period. This reinforces the urgency of addressing distortion at its source to protect operational costs and resource allocation.

5.3. [bookmark: _Toc196648647]Project Scope
This project focuses exclusively on the Concast process, ensuring that all coil material leaving this stage meets dimensional requirements and is distortion-free. While distortion can also be introduced downstream during transport, stock holding, and the pasting line's de-coiler and feed mechanism, this project aims to establish repeatable output from Concast.
The pasting line, for example, has been observed to induce torque distortion when the coil is poorly wrapped or unwound too quickly. However, to prevent confounding variables and maintain control over root cause investigation, these downstream factors are considered out of scope for this initial phase.
In Scope:
· Concast coil production process
· Distortion caused by the Concast process discovered in either area
Out of Scope (for this phase):
· Downstream process variability, such as transport, storage, or pasting line operations
· Other coil-related defects (edge damage, dents, flashing)
· Stripmill coil production
This defined boundary ensures the team can directly target process distortion. The scope reflects current spending allowances and departmental structure, especially around pasting and lead recovery operations.
Project Charter
	Aim
	Reduce distortion-related coil scrap by ≥20% by FY25 close

	Baseline
	Average scrap rate: 4,342 ppm (Q1 2025)

	Target
	≤ 3,500 ppm (approx. 20% improvement from the previous peak of 4,342 ppm)

	Team Members
	Quality Assurance Lead, Process Engineer, Production Shift Manager

	Timeframe
	April–December 2025

	Business Case
	Reducing distortion will decrease internal recycling load, eliminate short tab risk, and improve yield at the pressing and pasting stages.



 


6. [bookmark: _Toc196648648]Measure

6.1. [bookmark: _Toc196648649] Overview of Distortion Scrap
Distortion-related scrap is recorded using the parts-per-million (PPM) metric, calculated as the rejected meterage divided by the total produced, multiplied by one million. From January to March 2025, distortion reached 4,342 PPM, making it the leading defect by volume.
While PPM highlights overall trends, it fails to distinguish between upstream and downstream causes or reflect defect severity. Distorted coils rejected at the pasting line are often from batches that passed Concast QA. In most cases, 150 to 200 metres are scrapped at the end of the coil due to feed issues, torque imbalance, or pitch failures, all recorded under distortion even when caused downstream.

[image: ]
[bookmark: _Toc196644093]Figure 1: Pareto Chart – Defect Pareto by allocation (February 2025)
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[bookmark: _Toc196644094]Figure 2: Pareto Chart – Defect Pareto by product type (February 2025)

Figure 1 clearly demonstrates that distortion is the dominant defect, comprising approximately 68% of total scrap. This visualisation reinforced the need to prioritise distortion control as the primary improvement target within the Concast operation. The product Pareto in Figure 2 highlights that SBS170 and SBS190 Negative coils disproportionately contribute to distortion scrap. This distribution highlighted that the pilot testing should focus on wide, thin formats where the return on investment for improvements would be maximised.
Beyond direct material losses, distortion also drives hidden operational costs, including increased recycling volumes, additional forklift handling, extended machine downtime, and the opportunity cost of lost throughput. This approach is consistent with established defect prioritisation studies. Pareto analysis has been used to identify that a small subset of defects, such as warpage or core pin breakage, account for most quality rejections (Bharambe et al., 2024).

6.2. [bookmark: _Toc196648650] Product Sensitivity and Downstream Effects
Analysis of specific products revealed that wider and thinner coils, such as SBS190/SBS170 Neg, show higher distortion rates than narrower coils like C11 Pos. Rejected samples exhibited greater warp and edge bow in wide formats, likely due to uneven cooling or increased winding tension.
At the pasting stage, distortion commonly triggers rejection due to misfeeds or contact issues. Operator feedback confirmed that poor wrapping could create a torque that builds up as the coil feeds out:
"If the wrap is off, the decoiler and hopper tear it up."
These cases, though classified as Concast distortion, are often rooted in poor wrap tension or misalignment introduced downstream.
[image: Boxplot of Distortion (mm)]
[bookmark: _Toc196644095]Figure 3: Boxplot Figure – Warp Height by Product Type (1 Week)

The boxplot in Figure 3 illustrates that SBS170 Neg coils exhibit the most extensive variability in warp height, with several significant outliers. Comparatively, C11 Neg coils show much tighter control. This visual clearly demonstrated which products were most sensitive to control failures, informing the selection of coil types for pilot trials.
[image: ]
[bookmark: _Toc196644096]Figure 4: Concast vs Pasting Scrap Volumes (February 2025)
Figure 4 illustrates that only approximately 37% of distortion scrap was attributed directly to Concast, with the remainder arising downstream. This separation suggests that while upstream improvements were necessary, downstream operator training and handling processes might require future projects to fully capture significant progression. However, this does not distinguish the root cause, just where the rejects were captured.

6.3. [bookmark: _Toc196648651] Wrap Quality and Misclassification
Current scrap tracking does not clearly distinguish between defects introduced during casting and those caused by subsequent coil handling. Wrap tension errors, poor payoff conditions, and pitch variations can mimic casting distortions. A coil may appear parallel during QA inspection but become functionally distorted during pasting.
This misclassification results in distortion being over-attributed to Concast, inflating its defect profile. Improving traceability through wrap tension monitoring at Concast and refined defect coding would better focus on corrective actions. However, it is recognised that some latent handling defects may remain difficult to separate even with better systems.

6.4. [bookmark: _Toc196648652] Measurement System Accuracy
Distortion within coil material is assessed using a simple manual method: measuring the grid wire stretched across the coil, and vertical deflection is measured to assess warp height.
A basic Measurement System Analysis (MSA) indicates consistency between operators; however, the method has inherent limitations (Costa, Lopes, & Brito, 2019). Examples include:
· It only captures displacement at two edges, missing peaks, troughs, or local warps between them.
· Minor but process-critical warps often go undetected.
· Visual interpretation introduces a degree of subjectivity.
While the current system is sufficient for identifying major distortion, it lacks the sensitivity necessary for full process control. Future improvement opportunities include introducing a rigid square jig or engineer's square to provide a more accurate physical reference across the coil surface. More advanced technologies, such as shadowgraphs or laser systems, exist, but these involve significantly higher investment and are beyond the immediate scope of this phase.
[image: ]
[bookmark: _Toc196644097]Figure 5: MSA on the Vernier method, successful.
Figure 5 confirms that while measurement repeatability between operators was acceptable, the current method lacks the ability to detect localised minor warps. This creates potential blind spots where seemingly conforming coils still fail downstream requirements.

6.5. [bookmark: _Toc196648653] Process Capability
Sample data from ten rejected coils revealed:
· Average warp height: 6.23 mm
· Standard deviation: 0.91 mm
· Upper specification limit (USL): 10.0 mm
Calculated capability indices were:
· Ppk = 1.48
· Cpk = 1.38
Process capability indices like Cp, Cpk, and Cpm are critical statistical tools for assessing whether a process can reliably produce within design limits (Otsuka and Nagata, 2018). 
These values indicate that the process is currently incapable of consistently producing within tolerance. The mean value is close to the USL, and the significant spread highlights the need for upstream improvements, particularly in tension control and wrapping standards.
However, it is acknowledged that complete restoration of capability may require broader systemic upgrades (e.g., enhanced unspooling equipment, speed controls), which were beyond the scope of this initial project phase.
Capability histograms (Figures 6 and 7) show a spread of warp height measurements approaching the 10 mm USL. The number of points outside control limits underlines the need for better control of wrapping tension and process parameters. The clustering near the upper specification limit and outliers confirmed that existing stability was insufficient to meet CTQ goals without intervention.
[image: Process Capability Report for Warp_Height_mm]
[bookmark: _Toc196644098]Figure 6: Capability – Warp Height Distribution (Excluding statistical anomalies)
[image: Process Capability Report for Warp_Height_mm]
[bookmark: _Toc196644099]Figure 7: Capability – Warp Height Distribution (Including statistical anomalies)
[bookmark: _Toc196648654]

7. Analyse

7.1. [bookmark: _Toc196648655] Analysis of Distortion Scrap Distribution
A Pareto analysis was conducted to identify major contributors to distortion scrap. Results showed that many products, particularly the wide-format SBS190 / SBS170 Neg, accounted for a disproportionate share of scrap. Distortion incidents also peaked during different operational shifts. However, due to product mix, it is difficult to attribute this to operator shift.

7.2. [bookmark: _Toc196648656]Root Cause Mapping
An Ishikawa (fishbone) diagram was developed to capture potential causes of coil distortion across major categories systematically. The Fishbone diagram is widely used in structured problem-solving methodologies such as the 8D process, helping teams systematically identify root causes and prioritise corrective actions (Rathi et al., 2021). Key factors identified included:
· Machine: Issues such as insufficient oil on wheels, worn shoes, worn wheels, guide and Concast alignment errors, improper wrapping tension, blunt press tools, and misalignment of lay-on rollers.
· Materials: Variations include excessive lead temperature, selvedge ripples, warped spools or inserts, slack on spools, grid thickness variation, and selvedge indentations.
· Method: Reliance on visual inspection during pasting, with distortion checks performed only at the start of the coil, limiting detection of later developing issues.
· Manpower (People): Operator training gaps and reliance on manual techniques contribute to variability, especially under fatigue or shift-to-shift procedural variation.
· Measurement: Basic visual inspection methods (e.g., grid wire measurement) that fail to detect localised warps between measurement points.
· Environment: External factors such as bumpy roads during coil transport and ambient temperature variation impact cooling rates.
It must be recognised that while certain environmental and human factors, such as operator fatigue and coil cooling rate, are difficult to fully control in a live production setting, mechanical controls (e.g., tension monitoring, and wrapping standardisation) offer a more reliable route to consistent quality.
[image: ]
[bookmark: _Toc196644100]Figure 8: Fishbone Diagram – Root Causes of Coil Distortion

7.3. [bookmark: _Toc196648657]Deepening the Investigation: 5 Whys Analysis
The 5 Whys analysis technique was employed to systematically investigate the root causes of major defects, as recommended in contemporary Green Lean Six Sigma frameworks (Boumsisse et al., 2025). Investigation revealed that the root cause was torque buildup, or lack thereof, across the coil, originating from inconsistent wrapping tension.
Current wrapping methods, lacking real-time tension feedback, allowed small deviations to go undetected, later causing serious feed issues and misalignment.
This reinforced the need for objective, real-time tension control rather than relying solely on operator judgment.

7.4. [bookmark: _Toc196648658]Additional Analysis: Coil Length and Distortion Risk
A trial of coil lengths was analysed to help determine the highest value factors:
· 300m coils: least distortion, but operationally inefficient (too many spools required).
· 500m coils: balanced lower distortion with acceptable productivity.
· 700m coils: most distortion, high torque buildup, prone to edge collapse.
Attempts to mitigate lateral coil shift, such as using foam spacers, partially reduced distortion but did not eliminate it. Therefore, while reducing coil length helps, it is not a complete solution.
[image: Fitted Line: Warp Height (mm) versus Coil_Length_mm]
[bookmark: _Toc196644101]Figure 9: Regression – Distortion Frequency by Coil Length (300m / 500m / 700m)
Regression analysis was applied to identify the relationship between coil length and distortion severity, following examples where manufacturing data and defect occurrences were linked through regression-based studies (Jeon and Sohn, 2015). The regression plot demonstrates a positive correlation between coil length and average warp height, confirming that longer coils are more susceptible to distortion. However, reducing coil lengths below 500 metres introduces production inefficiencies, creating bottlenecks that disrupt material flow and reduce operational throughput. Therefore, alternative control measures, such as improved wrapping tension management, are preferred to mitigate distortion while maintaining stable production rates.

7.5. [bookmark: _Toc196648659]Observations and Pilot Proposals
Routine scrap data and observations consistently showed that approximately 150–200 metres of material were lost per distortion incident at pasting.
In response:
· A temporary real-time tension and monitoring system was installed on the Concast wrapping station and piloted over a few weeks.
· A square jig was introduced for QA inspection trials to improve consistency.
Early pilot results were promising but based on limited data. Broader testing is needed to validate benefits across varying operating conditions fully. However, Improved distribution tightness and capability metrics post-trial validated the effectiveness under controlled conditions.
[image: Process Capability Report for Warp Height (After Tension Moni]
[bookmark: _Toc196644102]Figure 10: Trial Impact – Capability Tension System Trial


8. [bookmark: _Toc196648660]Improve

8.1. [bookmark: _Toc196648661] Solution Development and Prioritisation
Following the analysis phase, several improvement options were identified to target the primary causes of coil distortion. These were prioritised using an Ease/Cost (O/∆/X) matrix, where "O" represented easy and low-cost changes, "∆" indicated moderate effort or investment, and "X" reflected high-cost or complex implementations.
The evaluated solutions included:
· Installation of a real-time wrapping tension monitoring system (∆)
· Development of a standard operating procedure (SOP) for coil wrapping (O)
· Introduction of a multi-point distortion measurement system (X)
· Enhancement of operator training on wrap techniques (O)
· Revision of defect categorisation to better distinguish upstream and downstream distortion (O)
Given current resource availability and investment constraints, priority was assigned to the "O" and "∆" options. These interventions offered the most practical path to improvement without requiring major capital expenditure. High-cost solutions, such as fully automated distortion scanning systems, were considered beneficial but deferred for future consideration.
It is important to acknowledge that while procedural and measurement upgrades can address significant portions of the distortion issue, inherent process variability, such as ambient temperature effects, operator fatigue, and unavoidable material differences, may still introduce minor variations.
8.2. [bookmark: _Toc196648662] Future State Process Flow
A revised future state process map was developed to reflect the introduction of low-to-moderate investment improvements. Under the future process:
· Coils are wrapped under monitored tension using a temporary tension device installed at the Concast station.
· Operators follow an SOP specifying target tension ranges, wrapping technique standards, and quality check procedures.
· Final coil inspections continue but are enhanced using a square jig for improved flatness consistency.
· Scrap and tension compliance metrics are reviewed weekly via SPC charts.
The future state builds process stability by controlling key inputs and standardising outputs without necessitating major equipment redesign or excessive operator burden. However, it is recognised that true long-term improvement would require further investment in permanent tension monitoring and real-time feedback systems.
8.3. [bookmark: _Toc196648663] Pilot Trial and Practical Adjustments
Pilot trials were conducted on two production shifts using a temporary tension monitoring device and an upgraded visual inspection method (square jig) to validate the feasibility of the proposed improvements.
Results from the pilot included:
· A 10–15% reduction in distortion-related scrap compared to historical baselines.
· Improved operator confidence in wrapping due to real-time tension feedback.
· More consistent warp height measurements using the square jig.
Although early results were encouraging, the pilot's limitations must be acknowledged. The trial sample size was small (limited to three weeks), and operational conditions during the pilot were relatively stable. Larger variability in production rates, operator shifts, or environmental conditions may impact performance over longer periods. Furthermore, manual logging of tension readings introduces some risk of procedural fatigue or non-compliance over time.

[image: ]
Pilot Pareto – Demonstrating Improvements and Drawbacks
Capability metrics post-trial showed measurable improvements in average warp height and reduced scrap PPM. The post-trial Pareto chart indicates a shift, with distortion scrap volumes reducing and a relative increase in other minor defects, suggesting the pilot intervention successfully addressed the primary root cause.
It is important to note that while distortion-related scrap was reduced by approximately 18%, other defect categories, such as thin/light and missing/broken grid wires, exhibited slight increases. This suggests that while improved tension control successfully mitigated distortion, excessive tension may have introduced new vulnerabilities within the coil material. Further refinement of the tension setpoints may reduce these secondary defect rates; however, no additional changes were made within this project's scope, and future investigations have been recommended.

9. [bookmark: _Toc196648664]Control

9.1. [bookmark: _Toc196648665] Control Plan
Given the nature of distortion development, primarily emerging during coil cooling and wrapping, inline measurement during production was deemed impractical. Distortion becomes fully observable only once the coil is completed. Although inline monitoring systems were considered, the high investment cost and limited relevance to identified root causes meant alternative, lower-cost approaches were prioritised.
The control strategy monitors key process inputs and validates outputs through enhanced inspection methods. Operators record real-time wrapping tension using the temporary tensioning system, which is benchmarked against specifications outlined in the updated SOP. Coil flatness is visually checked using the improved square jig at standardised points.
Distortion scrap will be monitored via Statistical Process Control (SPC) charts, with weekly reviews to detect deviations or emerging trends. Any out-of-control points trigger escalation to supervision and a structured root cause investigation.
It must be recognised that these controls, while effective, depend significantly on sustained operator compliance and engagement. Tension logging is subject to human error and procedural drift over time. Therefore, controls are supported by scheduled audits and refresher training to reinforce behaviours and detect early warning signs of deterioration.
9.2. [bookmark: _Toc196648666] Standard Work and SOP Development
Formal standardisation has been introduced through a new coil wrapping SOP, which details:
· Target tension ranges by product type.
· Correct wrapping techniques to ensure even, balanced tension.
· Use of the square jig for final warp inspections.
· Procedures for recording tension readings and escalating deviations.
Operator training was delivered during the pilot phase to embed the updated procedures, and six-monthly refresher cycles are planned to sustain skill levels.
The SOP rollout forms a key part of the control plan. However, it must be recognised that SOP adherence alone cannot eliminate all variability; ongoing coaching, leadership reinforcement, and periodic audits are necessary to prevent procedural drift.
9.3. [bookmark: _Toc196648667] Sustainability Measures
To ensure long-term sustainability, several measures have been integrated into daily management and the site's broader quality systems:
· 30/60/90 Day Reviews: Formal process reviews are scheduled to track distortion scrap rates, SPC trends, audit scores, and operator compliance. Statistical Process Control (SPC) charts were implemented to monitor and sustain improvements in coil distortion rates, aligning with best practices where predictive SPC approaches are applied to control upstream variables influencing final product characteristics (Sanchez-Marquez & Jabaloyes Vivas, 2020).
· Ownership Transfer: The responsibility for daily tension monitoring and warp inspections will be transferred to the Production Shift Managers.
· Visual Dashboards: Distortion PPM metrics displayed on the production floor to maintain operator visibility.
· Escalation Systems: Deviations in wrapping tension or scrap rates will trigger notification to supervision.
To further entrench these changes, it is recommended that coil wrapping tension monitoring and visual inspection processes be formally incorporated into the site's VDA 6.3 audit framework and Quality Facilitator basic audit structures. By embedding these checks within established audit pathways, the site reinforces discipline, visibility, and continuous improvement without overloading operations teams.
It is recognised that manual control systems inherently rely on human behaviour. As such, future investment in permanent real-time tension monitoring systems remains a desirable longer-term goal to automate input controls and fully reduce distortion risk.
10. [bookmark: _Toc196648668]
 Conclusions

This Six Sigma Green Belt project systematically applied the DMAIC framework to address distortion defects in the Concast coil production process. A clear and measurable pathway to scrap reduction was established through structured problem definition, measurement system evaluation, root cause analysis, and controlled trials.
The Define phase outlined the critical business impact of distortion, particularly its risks to downstream product integrity and customer safety. Measurement activities, including Pareto analysis, regression studies, and capability assessments, confirmed the distortion trend and revealed weaknesses in the measurement system. Analysis using Fishbone diagrams and 5 Whys identified coil wrapping tension variability as the dominant root cause.
Following pilot interventions, real-time tension monitoring, SOP improvements, and enhanced visual inspections achieved an approximate 18% scrap reduction, with process capability improving from a baseline Ppk of 0.74 to 1.88. Regression analysis also validated that longer coil lengths increased distortion risk. This result is consistent with findings in wider manufacturing studies, where Six Sigma methodologies integrated with process control improvements have achieved scrap reductions exceeding 30% in complex production environments (Oliveira et al., 2024).
However, post-trial results showed slight increases in thin/light sections and missing grid wires, suggesting that increased tension may have introduced secondary risks while distortion was addressed. Optimisation should, therefore, focus on balancing tension controls to safeguard all CTQ characteristics.
Control measures, including SPC charting and SOP enforcement, have been embedded into operations, though long-term stability will require continued leadership engagement and potential investment in permanent tension monitoring systems.
In conclusion, the project met its primary goal of reducing distortion while highlighting the interconnected nature of process risks. It provides a strong foundation for further quality improvements, potentially reducing monthly material and recycling costs by approximately £15,000 a month while improving throughput and product reliability.
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Cost Element Typical Value Estimate Notes

Lead Material £2.00–£2.50 per metre

Based on ~£2,000–£2,200/tonne lead price and 

typical strip thicknesses

Operator Labor (2 operators) £0.30–£0.50 per metre

£15–£18/hour per operator, spread across high-

volume output

Area Overheads (energy, 

maintenance)

£0.20–£0.30 per metre

Includes electricity for melting/casting, 

equipment upkeep

Management/Indirect Labor £0.10–£0.15 per metre Covers supervisory staff, quality support

In-House Recycling Burden £0.15–£0.20 per metre

Reflects cost of scrap handling, administration, 

and melt loss
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