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[bookmark: _Toc195987212][bookmark: _Toc208593995][bookmark: _Toc209380742]Abstract
This study investigates the coil-packing bottleneck in the CI Bay at Tata Steel Llanwern. Using discrete-event simulation (DES) in Arena, eight scenarios were evaluated combining two factors: workforce size 2–5 packers and the presence or absence of a standard operating procedure (SOP). Performance was assessed against the operational requirement of 83 coils per 12-hour shift 1,245 t at 15 t/coil. Without an SOP, throughput remained well below target even with five packers maximum 53 coils/shift. With an SOP, cycle-time variability reduced and flow stabilised; throughput increased to 64 coils with four packers and 80 coils 1,200 t with five within 4% of the target. Waiting time and work-in-progress fell markedly under SOP conditions, while utilisation stayed high but became productive rather than congested. The results indicate that method consistency, not headcount alone, is the primary lever. To close the remaining gap, the study recommends enforcing the SOP as baseline, then addressing system level constraints particularly crane replenishment and adopting dual-area working to improve both throughput and safety.
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[bookmark: _Toc209206416][image: Rolls of rolls of paper in a warehouse

AI-generated content may be incorrect.]Figure 1 - Pre packed coils - Llanwern Further Process department (Tobin, 2025).
This project focuses on the manual coil packing process in the CI Bay at Tata Steel’s Llanwern site. Export-grade galvanised steel coils are fed in from the Zodiac line, where they require protective wrapping before being transferred via walking beams to the North Despatch Bay. Coils packed here are then loaded for delivery to export customers, many of whom have strict requirements for full wrapping due to long transit times and handling conditions.
[bookmark: _Toc209206417][image: A close-up of a product

AI-generated content may be incorrect.]Figure 2 - Tata Steel UK Export Packing standard (uk, 2025)
Packing is not just a formality, it’s a mandatory step for export compliance under Tata’s Global Ports and Warehousing Standard as shown in Figure 2. It’s critical for protecting galvanised coils from corrosion, white rust, or physical damage during shipping and storage.
[bookmark: _Toc209206418][image: A factory floor with rolls of metal

AI-generated content may be incorrect.]Figure 3 - Packing area within Llanwern - Further process department (Tobin, 2025).
Packing is currently the department’s biggest operational bottleneck, regularly limiting throughput and creating delays in despatch. The current packing setup has two designated packing areas, but only one is used consistently. Coil routing is random, manning levels vary, and the existing Standard operating procedure (SOP) isn’t reliably followed. These inefficiencies create queue build-ups, inconsistent throughput, and missed despatch targets.
On average, 17,000 tonnes of coil arrive per week, with each coil weighing around 15 tonnes roughly 1,130 coils weekly and 1,245t a day. With a two-shift, 7-day operation, this means 83 coils need to be packed per shift to meet output requirements.
[image: A person in a safety vest and helmet working on a large round tube
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[bookmark: _Toc209206419]Figure 4 - Coil being manually packed by operator (Tobin, 2025).
To investigate these issues without disrupting live operations, this project uses Discrete Event Simulation (DES) with Arena software. The simulation provides a way to replicate the packing process and explore improvements in a controlled environment.
[bookmark: _Toc208593997][bookmark: _Toc209380745]Current state / waste identification
[bookmark: _Toc209206420][image: ]Figure 5 - Process flow Llanwern further process packing quality document (Tata Steel, 2025)
The quality document has a detailed flow as shown in Figure 5, but for this project a simplified packing-only version is used as shown in Figure 6. 

[image: ]
[bookmark: _Toc209206421]Figure 6 - Graphical flow of the packing process (Tobin, 2025)
Based on the simplified coil packing process Figure 6, a number of inefficiencies have been identified through previous problem-solving activities and observation. These are set out below against each process step to show where delays and bottlenecks occur
[bookmark: _Toc208593998][bookmark: _Toc209380746]Coil Scheduled
Scheduling is not the main bottleneck, but the way priorities are handled means issues still arise. Export coils are often scheduled correctly, yet they can be left waiting if crane drivers do not act promptly.
[bookmark: _Toc208593999][bookmark: _Toc209380747]Transfer Coil to Packing Area
The transfer stage is inconsistent because crane drivers replenish coils at random intervals rather than following a structured routine. This leads to queues building up in Area 1, while Area 2 is often left idle. As a result, coils can sit for extended periods before any packing begins, creating unnecessary waiting time and uneven use of space.
[bookmark: _Toc208594000][bookmark: _Toc209380748]Physical packing of coils
The packing step itself is where the biggest inefficiencies occur. Without a consistently applied SOP, packing times fluctuate per coil depending on the operator and circumstances. Manning levels also vary, with some shifts short of staff and others deploying people inefficiently.
[bookmark: _Toc208594001][bookmark: _Toc209380749]Transfer into despatch
After packing, coils are not always moved straight into despatch. Instead, they can remain in the packing area until drivers are available, which adds congestion and blocks space needed for the next coil. While this step is not the main driver of delay, it compounds upstream inefficiencies and slows overall flow.
Each stage of the simplified process has its own pain points, with the most significant bottlenecks occurring in coil transfer and physical packing.
[bookmark: _Toc208594002][bookmark: _Toc209380750]Process Selection & Scope
This simulation focuses on the manual packing of export-grade galvanised steel coils in the CI Bay at Tata Steel’s Llanwern site. Packing is the department’s biggest bottleneck and a mandatory step to meet Tata’s Global Ports and Warehousing Standard.
The scope is defined directly from the current state and waste identification analysis, ensuring the model reflects the real-world issues already observed. The model will test how two main factors influence throughput and flow: 
· Manning levels (2, 3, or 4 packers).
· SOP consistency (standardised packing time vs variable packing time to reflect inconsistent practice).
The process scope begins when coils arrive into CI Bay and ends once they are packed. Quality issues such as incorrect coil identity, mislabelling, or the wrong packing type being used noted in the quality process map are excluded here, as the project is focused on production efficiency rather than quality conformance. Crane movements and despatch scheduling are excluded due to limited data and to maintain focus on the packing process
[bookmark: _Toc209206422][image: A diagram of a hazard diagram

AI-generated content may be incorrect.]Figure 7 - Safety stats FY24/25 in the department
It is recognised that higher manning levels increase exposure to crane movements and suspended loads as shown in Figure 8. Figure 7 shows the department’s safety stats, with crane-related incidents accounting for 34% of all cases in FY24/25.
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[bookmark: _Toc209206423]Figure 8 - Depicts operator standing under a suspended load in breach of LOLER regulations
[bookmark: _Toc208594003][bookmark: _Toc209380751]Model assumptions
To make the simulation realistic but manageable, a number of assumptions were set. These are based on observed data, operator feedback, and previous problem-solving work carried out in the department.
[bookmark: _Toc208594004][bookmark: _Toc209380752]Shift length
Each shift is modelled as 12 hours, with one hour deducted for breaks. This leaves 11 hours of effective working time per shift.
[bookmark: _Toc208594005][bookmark: _Toc209380753]Arrival rate
Coils are assumed to arrive steadily into the packing bay. In practice, crane replenishment is inconsistent and often delivered at random intervals, but due to limited crane data this variability is simplified. The effect of replenishment delays is still represented indirectly through queue build-ups.
[bookmark: _Toc208594006][bookmark: _Toc209380754]Packing times
A time study was undertaken to establish representative cycle times for use in the simulation model. Under existing practice, where no SOP was consistently applied, packing times ranged from 40–80 minutes per coil, with a mean of 55.5 minutes and a standard deviation of 8.1 minutes. This reflects variation in operator methods and inconsistent deployment of labour. For modelling purposes, this condition is represented by a variable packing time drawn from a 40 - 80 minute distribution.
An SOP was then developed in collaboration with the packing teams to ensure both efficiency and safety through a consistent sequence of tasks. When this procedure was applied, packing became far more consistent, Figure 9 shows the comparative results, with times tightly clustered between 38-42 minutes per coil, giving a mean of 39.7 minutes and a standard deviation of 1.9 minutes. This condition is represented in the model by a fixed packing time of 40 minutes per coil.
[bookmark: _Toc209206424][image: ]Figure 9 - Average packing time per coil with and without an SOP, based on 100 observed shifts. Error bars show standard deviation.
[bookmark: _Toc208594007][bookmark: _Toc209380755]Labour deployment
Operators are modelled as being dedicated to packing for the full shift, with no redeployment to other duties. Manning levels are varied later in the experiment design, but for the purpose of assumptions, the model recognises teams of 2 to 5 packers as typical operating levels based off tonnage throughput. 
[bookmark: _Toc208594008][bookmark: _Toc209380756]Packing area use
Although two packing areas exist in CI Bay, only one is used consistently in current operations. For the purpose of this project, the model represents packing as if both areas are available. This ensures that when transition to dual-area operation occurs, the model already reflects this configuration and can be adapted to test alternative scheduling strategies and commercial priorities in future studies.
[bookmark: _Toc208594009][bookmark: _Toc209380757]Arena Model design
The Arena model was developed to represent the simplified coil packing process in CI Bay, from coil arrival through to completion of packing. The design reflects the main process flow identified in the current state analysis, Figure 10 shows the overall Arena model layout, with coils arriving via the Create block, routed into packing areas, processed with operator resources, and then released into despatch.
[bookmark: _Toc209206425][image: A group of colorful circles with black text

AI-generated content may be incorrect.]Figure 10 - Arena model overview

[bookmark: _Toc208594010][bookmark: _Toc209380758]Process flow
Please see the simplified process flow below
[bookmark: _Toc209206426][image: ]Figure 11 - Process flow
[bookmark: _Toc208594011][bookmark: _Toc209380759]Input definitions
The key inputs applied in the model are shown below. These values were taken directly from departmental data and observations, and translated into Arena modules. 
[bookmark: _Toc208594012][bookmark: _Toc209380760]Coil arrivals
[bookmark: _Toc209206427]Arrivals were set to produce 83 coils per shift, representing the throughput required to process 17,000 tonnes per week at an average coil weight of 15 tonnes. In the model this was implemented as a Create block with a constant interarrival time of approximately 8.7 minutes per coil. This provides a steady flow to test packing efficiency in isolation, as variation from crane replenishment was excluded due to lack of reliable data.[image: A screenshot of a computer
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Figure 12 - Create Block settings
[bookmark: _Toc208594013][bookmark: _Toc209380761]Packing times
Packing times were modelled using two definitions, these definitions were applied in the Process blocks as delay distributions.
Without SOP
Times varied significantly in practice and were represented by a triangular distribution TRIA(40, 55, 80) minutes. This accounts for the spread of performance when operators follow inconsistent methods.
With SOP
Times became consistent when the standard procedure was applied, and were modelled as a fixed 40 minutes per coil.
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Figure 13 - Process block show triangular distribution for without an SOP
[bookmark: _Toc208594014][bookmark: _Toc209380762]Resources
Packers were defined as the critical resource, seized by each coil during packing and released once the task was complete. Scenarios tested manning levels of 2, 3, 4, and 5 operators. Resource settings were configured in the Arena Resource module.
[bookmark: _Toc209206429][image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 14 - Packer resource showing 3 packers
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Figure 15 - Packer resource settings
[bookmark: _Toc208594015][bookmark: _Toc209380763]Packing area capacity
The physical floor space limits in CI Bay were represented using variables linked to Assign and Hold blocks. Packing Area 1 was capped at six coils, and Area 2 at five coils. A coil entering an area triggered an Assign block reducing available spaces, completion of packing triggered another Assign block increasing the count. Hold blocks prevented entry when no space was available.
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Figure 16 - Variable logic
[bookmark: _Toc209206432][image: A screenshot of a computer

AI-generated content may be incorrect.]Figure 17 - Assign Block 1
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Figure 19 - Hold block 1
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Figure 20 - Hold block 2


[bookmark: _Toc208594016][bookmark: _Toc209380764]Routing logic
Coil allocation was handled using a Decide block, which directed entities randomly to Packing Area 1 or Area 2. This reflects current practice, where operators do not follow a consistent prioritisation rule. While only one area is regularly used in reality, both were represented in the model to provide flexibility for future testing and to capture the effect of safety-driven dual-area operation.
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Figure 21 - Decide block to show random allocation

Together, these definitions ensured that the Arena model accurately reflected the current state of packing operations, while also providing scope to test improvements such as SOP use and changes in manning levels.
[bookmark: _Toc208594017][bookmark: _Toc209380765]Outputs Captured
The Arena model was configured to record a set of performance measures that reflect the key bottlenecks identified in the current state. These outputs provide the basis for comparing scenarios and assessing improvements.
[bookmark: _Toc209206436][image: ]Figure 22 - outputs captured overview
[bookmark: _Toc208594018][bookmark: _Toc209380766]Experiment plan
The Purpose is to quantify how manning level and use of a SOP affect coil-packing throughput and flow in CI Bay. These two factors were identified in the current state analysis as the dominant drivers of variability and delay.
[bookmark: _Toc208594019][bookmark: _Toc209380767]Scenarios to test
Eight scenarios will be modelled, combining manning with procedure consistency.
[bookmark: _Toc209206437][image: ]
Figure 23 - Experiment plan
[bookmark: _Toc208594021][bookmark: _Toc209380768]Why these outputs matter
Throughput directly determines whether CI Bay can meet weekly despatch demand. With an average coil weight of 15 t and weekly inflow of 17,000 t or 1,245t a shift, the packing operation must achieve 1,130 coils/week, or 83 coils per 12-hour shift in a two-shift, seven-day pattern. Measuring coils/shift against this target shows which scenario is operationally viable. Waiting time, queue length, and utilisation then explain why a scenario does or does not meet the target which correlates to flow efficiency vs. wasted capacity.
[bookmark: _Toc208594022][bookmark: _Toc209380769]Results & analysis
This section presents the outcomes of eight simulation scenarios, combining different manning levels with or without a SOP.
[bookmark: _Toc209380770]Recap of Plan
[bookmark: _Toc209206438][image: ]
Figure 25 - Recap of experiment plan
[bookmark: _Toc209380771]Metrics Captured
[bookmark: _Toc209206439][image: ]Figure 26 - Outputs Captured Overview
[bookmark: _Toc209380772]Summary Table
Figure 27 summarises the key outputs from the simulation runs. Throughput is also expressed in tonnes per shift to highlight the gap against the weekly demand of 17,000 tonnes or 1,245t a shift.
[bookmark: _Toc209206440][image: ]    Figure 27 - Summary of simulation results across all scenarios. Tonnage calculated at 15 t/coil.
[bookmark: _Toc209380773]Throughput vs. Target
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Figure 28 - Throughput per shift across scenarios (Coils/Shift)
Throughput was assessed against the requirement of 83 coils per 12-hour shift 1,245 t at 15 t/coil. Figure 28 shows coil throughput across all scenarios with the target marked.
Without a SOP, output stayed below target, peaking at 53 coils with five packers =30 short.
With SOP applied, throughput improved across all manning levels: 64 coils with four packers, and 80 coils 1,200 t/shift with five packers, within 4% of target.
Figure 29 shows the same trend in tonnes. Only SOP scenarios with four and five packers neared the weekly 17,000 t requirement.
[bookmark: _Toc209206442]
Figure 29 - Tonnage throughput per shift (t/Shift, 15 t per coil)
[bookmark: _Toc209380774]Waiting Time
[bookmark: _Toc209206443][image: ]    Figure 30 - Average waiting time per coil across scenarios (hours/coil).
Waiting time was measured as the average queue time per coil as shown in Figure 30.
Without a SOP, coils waited 4–6 hours regardless of manning. With SOP applied, waiting times dropped and stabilised just over 2 hours at three packers and less than 1.5 hours at four or five.
[bookmark: _Toc209380775]Resource Utilisation
[bookmark: _Toc209206444][image: ]    Figure 31 - Packer utilisation across scenarios
Resource utilisation shows how intensively packers were engaged as shown in Figure 31.
Without a SOP, utilisation stayed near 100% but throughput remained low, showing effort was lost to inefficiency. With SOP applied, utilisation was again near 100% at two or three packers, but throughput was far higher. At four and five packers, utilisation eased slightly 95-98% as flow stabilised, yet throughput reached 64 coils, 960 t/shift and 80 coils, 1,200 t/shift showing that standardisation turned near-full utilisation into productive output.
[bookmark: _Toc209380776]Work in Progress (WIP)
[bookmark: _Toc209206445]
Figure 32 - Average WIP across scenarios
WIP was measured as coils in the system, queued or in process as shown in Figure 32.
Without a SOP, WIP stayed high at more than 60 coils across all manning levels. With SOP applied, WIP dropped to 60 coils at three packers and 45 at five. This reduction mirrored shorter waiting times and steadier flow.
[bookmark: _Toc208594023][bookmark: _Toc209380777]Discussion / Recommendations
[bookmark: _Toc209380778]Interpreting Results
The simulation results show that the packing bottleneck in CI Bay is driven primarily by inconsistency in working methods rather than a shortage of manpower. In scenarios without a SOP, throughput remained far below the required 83 coils per shift. Even with five packers the equivalent of over £300,000 per year in labour cost the maximum output achieved was only 53 coils 795 tonnes, leaving a shortfall of around 450 tonnes per shift. This highlights the inefficiency of relying on additional headcount alone.
By contrast, once the SOP was applied, performance improved across all measures. Packing times became consistent, queues shortened, and throughput increased in line with available labour. At four packers, throughput reached 64 coils/960 tonnes, and with five packers the system delivered 80 coils/1,200 tonnes, bringing operations within 4% of the target. Waiting times and work-in-progress (WIP) also reduced sharply, underlining that stability in method translates directly into higher effective capacity.
However, it is important to note that the required 83 coils per shift was not met in any scenario. Even under the most favourable conditions, the system fell short by three coils/45 tonnes per shift. This suggests that while SOP enforcement and optimal manning deliver major gains, they alone are not sufficient to fully close the gap against demand.
[bookmark: _Toc209380779]Operational Implications
Efficiency gains depend on SOP compliance, not extra headcount. This must be embedded across shifts before adjusting manning. From a management perspective Clear shift accountability, structured training, and regular checks are required to sustain compliance. Once secured, manpower planning can be more strategic: four packers as a minimum, five as a buffer to absorb variation and safeguard despatch.
[bookmark: _Toc209380780]Safety Considerations
While throughput and efficiency were the focus of this study, safety remains the overriding constraint in CI Bay. Packing requires operators to work in close proximity to cranes, and higher manning levels inevitably increase exposure to suspended loads. Figure 7 shows that crane-related incidents accounted for 34% of all departmental safety cases in FY24/25, making this the single largest risk category.
LOLER (1998) Regulation 8(2)(e) explicitly prohibits personnel from standing beneath suspended loads where it is practicable to avoid doing so. In the current single-area operation, congestion around one packing station makes breaches of this requirement more likely, particularly during busy shifts.
The model was built with two packing areas to provide flexibility, and transitioning to dual-area working would offer a safety-driven improvement. By spreading operators across two spaces, crane traffic would be dispersed, reducing the risk of unsafe proximity and aligning operations more closely with regulatory requirements. This adjustment would not only improve safety performance but also support smoother flow by reducing crowding around a single crane path.
[bookmark: _Toc209380781]Wider Recommendations
The results make clear that consistent SOP application must remain the first priority, with manning levels adjusted only once this baseline is secured. However, even with five packers working to the SOP, throughput fell just short of the 83-coil target. To close this remaining 4% gap, attention should shift to the wider system particularly crane replenishment and the under-use of the second packing area. Both are known sources of inefficiency and, if addressed, could provide the marginal gains needed to reach full compliance with demand.
Evidence from the literature supports this approach. Simulation studies have repeatedly shown that once core working methods are standardised, small adjustments to surrounding processes can deliver significant benefits. For example, Dereje (2020) used Arena to model a mineral water bottling line and identified that improving upstream scheduling increased overall output without extra labour. Burns & McDonnell (2023) applied Arena to packaging systems and demonstrated a 10% capacity uplift through layout and coordination changes. In food processing, Syukur (2021) reported 5-20% gains by combining standardised methods with marginal adjustments to resource allocation.
These findings suggest that the CI Bay shortfall is not insurmountable. Future modelling should therefore incorporate crane scheduling logic and dual-area working, both to capture the effect of upstream coordination and to test safety-led layout improvements. This would not only provide a pathway to achieving the 83-coil requirement but also embed simulation as a practical tool for ongoing operational optimisation.
[bookmark: _Toc208594024][bookmark: _Toc209380782]Conclusions
This study applied discrete event simulation to the coil packing process in CI Bay and demonstrated that inconsistent working methods, rather than manpower, are the primary constraint. Without an SOP, throughput remained well below the required 83 coils per shift, even with five packers. With an SOP in place, performance improved significantly, with five packers achieving 80 coils/1,200 t, within 4% of the target.
The results highlight that enforcing consistent methods is the most effective lever for improvement, while additional manpower only becomes productive once this baseline is established. However, the target was not fully met, showing that wider system factors such as crane replenishment and dual-area working must also be addressed.
Overall, the study confirms the value of DES for diagnosing bottlenecks and testing operational changes in a controlled environment. By combining SOP discipline with system-level adjustments, CI Bay can move closer to achieving throughput requirements while also improving safety and sustainability.
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Packing priorities



To confirm coil identity and coil condition.



To pack coils as per customer requirements and 

adherence to schedule.
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Coil movement and location to packing 

process areas.
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Coil presentation
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Graphical Flow of the 

Process

2. Transfer coil to 

packing area

1. Coil scheduled

3. Physical packing of 

coils.

4. Transfer into 

Despatch
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Process step Description

Coils generated at constant rate (83 per shift) to match throughput requirement.

Allocates coils randomly to Packing Area 1 or 2, reflecting current practice.

Reduces available spaces in the chosen area, ensuring floor space capacity is 

respected.

Prevents coils entering if no space is available queue builds until space clears.

Represents physical packing, where coils seize packers, undergo a delay 

(TRIA(40,55,80) or fixed 40, and then release resources.

Releases floor space capacity once coil leaves the packing station

Marks completion of packing; coil exits system and count is updated for analysis.
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Metric Unit Why it matters

Throughput Coils packed per shift Tests if the process can meet the required 83 coils per shift.

Average waiting time Hours per coil Shows how long coils sit idle before packing.

Total time in system Hours per coil Captures the full journey from arrival to packing completion.

Queue length Number of coils Identifies congestion in Packing Areas 1 and 2.

Resource utilisation % of time busy Measures whether packers are under- or over-utilised.

Work in progress (WIP) Number of coils Highlights flow restrictions and blocked inventory.
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ID Procedure applied Packers (team size) Packing-time input to model

Scenario 1 No SOP 2 Variable 40–80 min/coil

Scenario 2 No SOP 3 Variable 40–80 min/coil

Scenario 3 No SOP 4 Variable 40–80 min/coil

Scenario 4 No SOP 5 Variable 40–80 min/coil

Scenario 5 SOP followed 2 Fixed 40 min/coil

Scenario 6 SOP followed 3 Fixed 40 min/coil

Scenario 7 SOP followed 4 Fixed 40 min/coil

Scenario 8 SOP followed 5 Fixed 40 min/coil
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Metric Unit Why it matters

Throughput Coils packed per shift Tests if the process can meet the required 83 coils per shift.

Average waiting time Hours per coil Shows how long coils sit idle before packing.

Total time in system Hours per coil Captures the full journey from arrival to packing completion.

Queue length Number of coils Identifies congestion in Packing Areas 1 and 2.

Resource utilisation % of time busy Measures whether packers are under- or over-utilised.

Work in progress (WIP) Number of coils Highlights flow restrictions and blocked inventory.
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Scenario Packers SOP

Coils 

Packed

Tonnes 

Packed

Avg. 

Wait 

(hrs)

Utilisatio

n (%)

WIP 

(coils)

1 2 No 22 330 5.1 100 73

2 3 No 32 480 4.7 100 68

3 4 No 42 630 4.6 100 62

4 5 No 53 795 4.7 100 57

5 2 Yes 32 480 5 100 67

6 3 Yes 48 720 5 100 60

7 4 Yes 64 960 5 100 52

8 5 Yes 80 1,200 5 99 44
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