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[bookmark: _Toc228753359]1. Introduction										

Amazon operates one of the world’s largest fulfilment networks, with more than 175 fulfilment centres (FCs) globally and 31 within the United Kingdom (Amazon, 2019). These facilities depend on stable and well‑controlled environmental conditions to support high‑volume order processing, maintain workforce wellbeing, and ensure compliance with operational and safety standards. Amazon CWL1 in Swansea is a major regional FC where temperature stability has become a recurring operational concern, prompting the need for a structured improvement project to understand and reduce the frequency of escalation events.
Historical data from 2018–2026 show persistent hot and cold temperature escalations across multiple operational zones. These deviations automatically generate trouble tickets (TTs) for the Reliability, Maintenance and Engineering (RME) team and are categorised by severity thresholds: cold Sev3 events occur below 17°C and Sev2 below 13°C, while hot Sev3 events occur above 27°C and Sev2 above 30°C (Amazon Environmental Standards, 2025). The recurrence of these events indicates systemic variation rather than isolated equipment faults, suggesting that multiple interacting factors influence thermal performance within the building.
Maintaining appropriate thermal conditions is essential for both safety and productivity. The UK Health and Safety Executive (HSE, 2025) identifies 13°C as the minimum acceptable temperature for physically active industrial work and recognises excessive heat as a workplace hazard requiring risk control measures. Research also shows that indoor temperatures outside the 21–25°C comfort band negatively affect cognitive and physical performance. Seppänen et al. (2003) found that productivity decreases by approximately 2% for every degree outside this range, highlighting the operational impact of thermal instability in high‑throughput environments such as fulfilment centres.
Temperature control in large industrial buildings is influenced by HVAC capability, building envelope performance, external climate, equipment heat loads, and operational practices such as door usage and shift patterns. Addressing recurring deviations therefore requires a structured, data‑driven approach rather than reactive maintenance. The Six Sigma DMAIC methodology provides a rigorous framework for reducing variation and improving process performance through the Define, Measure, Analyse, Improve, and Control phases (Antony et al., 2017).
This project applies DMAIC to identify the root causes of temperature instability at CWL1, quantify their impact, and implement targeted improvements. The objective is to reduce the frequency and severity of temperature escalation events, supporting workforce comfort, regulatory compliance, operational resilience, and energy efficiency. The following sections present each DMAIC phase in detail, beginning with the Define phase, which establishes the foundation for systematic improvement.




















[bookmark: _Toc228753360]2. Define

The Define phase establishes the strategic foundation of a Six Sigma project by clarifying the problem, identifying stakeholder requirements, outlining process boundaries, and setting improvement objectives. Its purpose is to ensure that the issue is accurately understood, appropriately scoped, and aligned with organisational priorities before progressing to measurement and analysis (Trubetskaya et al., 2023). A project charter was developed to formalise the problem, scope, and objectives, ensuring that all stakeholders share a consistent understanding of the project’s direction and expected outcomes.

At Amazon CWL1, the Define phase was initiated in response to recurring temperature escalation events observed consistently over multiple operational years. These events triggered automated trouble tickets (TTs) and required intervention from the Reliability, Maintenance and Engineering (RME) team. A structured, data‑driven approach was adopted to validate the problem and understand its operational context, supporting a shift from reactive issue resolution to proactive process improvement. This ensured that the project was grounded in verified operational data rather than assumptions or isolated incidents, enabling a more accurate and sustainable improvement strategy.

[bookmark: _Toc228753361]2.1 Project Statement
Historical escalation data from 2018 to 2026 indicate a total of 3,463 temperature‑related events across Sev2 and Sev3 categories. This dataset was reviewed to validate the scale and persistence of the issue, ensuring that the problem definition was based on objective evidence rather than anecdotal reports. A summary of Sev2 and Sev3 temperature escalation events between 2018 and 2026 is presented in Table 1, highlighting the distribution of hot and cold events across the nine‑year period.







 [bookmark: _Toc228749783][bookmark: _Toc228751900]Table 1 - Sev2 and Sev3 Temperature Escalations (2018 - 2026)
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Although annual volumes fluctuate, the continued presence of both hot and cold escalation events demonstrates that thermal instability is a recurring operational condition rather than a seasonal anomaly. This pattern indicates that the underlying causes are systemic and require a structured improvement approach. Clearly defining the problem at this stage is essential, as inadequate problem definition is a common cause of failure in Six Sigma initiatives (Chakravorty, 2009). By establishing a clear and evidence‑based problem statement, the project ensures that subsequent phases focus on the most relevant sources of variation.

The problem statement therefore centres on the need to reduce the frequency and severity of temperature escalation events across CWL1 by identifying the operational, environmental, and system‑level factors contributing to temperature instability.

[bookmark: _Toc228753362]2.2 Project Scope and Metrics
The scope of this project focuses on temperature control within operational areas of Amazon CWL1, specifically relating to Sev2 and Sev3 temperature escalation events. The project includes the BMS‑controlled HVAC system, environmental influences, and operational factors affecting temperature stability. This ensures that the project remains focused on areas where meaningful improvements can be achieved without requiring major capital investment.


In Scope
· BMS‑controlled HVAC systems and associated control logic
· Temperature sensors, set points, and deadband parameters
· Operational zones including Pick, Pack, Stow, ICQA, Dock, and Office
· Environmental factors such as external temperature and equipment heat loads
· Operational behaviours including door usage, shift patterns, and airflow obstructions

Out of Scope
· Major infrastructure redesigns or capital‑intensive building modifications
· External environmental factors beyond operational control
· Non‑temperature‑related environmental conditions (humidity, lighting, noise)

The primary metric for this project is the number of Sev2 and Sev3 temperature escalation events, as these directly reflect failure to maintain temperature stability. Secondary metrics include deviation from the target temperature range (17-27°C), response time to escalation events, recurrence frequency within specific zones, and HVAC energy consumption. Establishing clear and measurable performance indicators at this stage aligns with best practice in Six Sigma project definition (Antony et al., 2017). These metrics will guide the Measure phase and provide a baseline for evaluating the effectiveness of improvement actions.

[bookmark: _Toc228753363]2.3 Process Mapping
Process mapping was used to develop a clear understanding of the temperature control system and its associated workflows. This provides visibility of process flow, control points, and potential sources of variation without introducing detailed analysis prematurely. Mapping the process at this stage ensures that the project team has a shared understanding of how temperature is monitored, controlled, and escalated within the building.

Temperature management at CWL1 is controlled by the Building Management System (BMS), which operates as a closed‑loop system. Temperature sensors continuously collect environmental data, which is compared against predefined set points using a ±1°C deadband. When temperatures fall outside this range, heating or cooling is activated to return conditions to the set point. The process operates continuously, with real‑time monitoring and automated adjustments.
[image: ]When deviations persist, escalation mechanisms are triggered, requiring coordinated intervention from RME, WHS, and Operations teams. Understanding process flow at this stage ensures that subsequent measurement activities focus on the most critical areas influencing temperature stability, reflecting the importance of process visibility in Six Sigma projects (Kumar et al., 2023). This mapping also highlights potential bottlenecks, delays, or inconsistencies in the escalation process that may contribute to prolonged temperature deviations (Figure 1).[bookmark: _Toc228751882]Figure 1 - Process Mapping



[bookmark: _Toc228753364]2.4 Voice of the Customer (VoC) and Critical to Quality (CTQ)
The Voice of the Customer (VoC) was captured to ensure that the project reflects stakeholder requirements and real operational conditions. A temperature‑focused Gemba was conducted across all operational departments, allowing associates to raise concerns relating to thermal comfort, airflow, and recurring temperature issues. Conducting the Gemba across both day and night shifts ensured that feedback captured variation in operational conditions and avoided bias toward a single operating period. Voice of the Associate (VoA) feedback was also reviewed to validate findings and identify recurring themes. These qualitative insights were triangulated with escalation data to increase confidence in identified concerns. Key stakeholders include associates, Operations, WHS, and RME teams, each with distinct requirements relating to comfort, safety, workflow efficiency, and system reliability (Table 2). 
[bookmark: _Toc228749784][bookmark: _Toc228751901]Table 2 - Voice of the Customer and Critical to CTQ (CTQ)


[image: ]
These requirements were translated into Critical to Quality (CTQ) characteristics to convert qualitative needs into measurable performance criteria (Patel and Desai, 2018). The primary CTQ is maintaining temperature within the target range of >17 and <27°C, supported by additional CTQs relating to escalation frequency, duration, response efficiency, and visibility of recurring issues. Recognising that perceived thermal comfort varies between individuals, the CTQs focus on measurable environmental performance rather than subjective perceptions.

[bookmark: _Toc228753365]2.5 Project Charter
A project charter was developed to formally define the problem, scope, objectives, and key stakeholders, ensuring alignment and providing a structured framework for the project. The charter serves as a reference point throughout the DMAIC process to maintain focus and prevent scope drift. A summary of the project charter is presented in Table 3, consolidating the key elements defined in this phase and providing a clear foundation for progression into the Measure phase.
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[image: ][bookmark: _Toc228749785][bookmark: _Toc228751902]Table 3 - Six Sigma Project Charter

[bookmark: _Toc228540313][bookmark: _Toc228541735][bookmark: _Toc228738568][bookmark: _Toc228738618][bookmark: _Toc228738666][bookmark: _Toc228741886][bookmark: _Toc228744375][bookmark: _Toc228745522][bookmark: _Toc228745564][bookmark: _Toc228745606][bookmark: _Toc228745932][bookmark: _Toc228745978][bookmark: _Toc228746024][bookmark: _Toc228753368]3. Measure

The Measure phase establishes a quantitative and statistically reliable baseline for temperature performance within Amazon CWL1. Building on the CTQs identified in the Define phase, this stage focuses on translating stakeholder requirements into measurable variables and validating the integrity of the data used for decision‑making. A structured measurement approach was adopted to ensure that the data collected reflects true operational behaviour and provides a robust foundation for subsequent analysis (Sreedharan et al., 2018). Establishing this baseline is essential for determining whether the temperature control process consistently meets the CTQ requirement of maintaining temperatures above 17°C and below 27°C.

[bookmark: _Toc228753369]3.1 Measurement Variation
[image: ]Understanding variation is fundamental to distinguishing between normal system behaviour and abnormal conditions requiring intervention. Temperature variation at CWL1 may arise from environmental exposure, operational practices, equipment performance, and limitations within the measurement system. Categorising these sources supports structured interpretation and highlights that variation is influenced by both controllable and uncontrollable factors. These sources of variation are summarised in Table 4, which outlines the main categories and their impact on temperature stability.[bookmark: _Toc228749786][bookmark: _Toc228751903]Table 4 - Summary of temperature variation sources and their impact on process stability


In line with established quality management principles, variation was further classified into common cause and special cause categories. Common cause variation reflects inherent system behaviour, such as minor fluctuations in HVAC response, while special cause variation arises from abnormal events such as prolonged door opening, equipment malfunction, or extreme weather conditions (Habidin et al., 2016). Distinguishing between these types ensures that improvement efforts focus on eliminating abnormal conditions rather than reacting to expected system behaviour.

[bookmark: _Toc228753370]3.2 Data Type
Two primary data types were used to characterise temperature performance: continuous temperature readings and discrete escalation events. Continuous temperature data enables detailed assessment of variation relative to CTQ limits and supports identification of trends, shifts, and fluctuations that may not be visible through discrete metrics alone (Rejikumar et al., 2018). Discrete escalation data, consisting of Sev3 and Sev2 alarms, provides a direct measure of process failure. Escalation events follow a defined hierarchy: a Sev3 alarm represents the initial breach of CTQ limits, while a Sev2 escalation indicates that the deviation has persisted or worsened. Because a Sev2 cannot occur without a preceding Sev3, these alarms do not represent independent defects but rather stages of the same event. This distinction is essential for accurate capability assessment and ensures that escalation data is interpreted correctly within the context of process performance.

[bookmark: _Toc228753371]3.3 Data Collection Plan
A structured data collection plan was developed to ensure that the dataset was representative, unbiased, and aligned with CTQ requirements. The key data types, their sources, collection frequency, and purpose are summarised in Table 5 to provide a clear overview of how temperature‑related information was gathered during the measurement period.[bookmark: _Toc228749787][bookmark: _Toc228751904]Table 5 - Data collection plan 

[image: ]

Temperature data was collected through two complementary sensing systems, each supporting a different CTQ metric. The first system is the IT Heat Sensor network, which provides site‑wide coverage and records Sev2 and Sev3 heat escalations. These escalation counts form the primary CTQ metric for assessing the number of temperature‑related alarms on site, and their spatial distribution is illustrated using a heat map (Figure 2).
[image: ][bookmark: _Toc228751883]Figure 2 - Heat Sensor locations


The second system is the Building Management System (BMS) zone sensors, which provide continuous temperature readings every five minutes. With 20 sensors recording 288 readings per sensor per day, this equates to 5,760 measurement opportunities daily. This high‑resolution sampling frequency enables detection of deviations that may not be visible at longer intervals and supports calculation of DPMO to quantify the duration and extent of out‑of‑tolerance conditions. 

Data collection occurred across all shifts and operational conditions to ensure representativeness, while qualitative insights from VoA feedback and Gemba observations supported interpretation of quantitative data. Sensors are positioned strategically throughout both office and operational zones to ensure comprehensive spatial coverage and capture variation across different process areas (Figure 3).
[image: ][bookmark: _Toc228751884]Figure 3 - BMS Zone Temperature sensors locations (Amazon CWL1 BMS, 2026)




















[bookmark: _Toc228753372]3.4 Measurement System Analysis
Measurement System Analysis (MSA) was conducted to ensure that collected data accurately reflects process performance rather than measurement error. Gauge Repeatability and Reproducibility (Gauge R&R) principles were applied to assess the reliability of the temperature measurement system (Alhuraish et al., 2017). Annual calibration of both BMS and IT sensors ensures measurement accuracy, while automated data capture minimises operator‑related variation. Cross‑zone comparisons confirmed reproducibility across sensors, and time‑based checks demonstrated stability of readings over repeated intervals. Although the IT sensors are calibrated in their installed locations, their escalation outputs require validation against the Heat Index dashboard to confirm alignment between alarm triggers and actual temperature conditions. A summary of key MSA checks is presented in Table 6, while the full verification table, including detailed evidence and risk assessment, is provided in Appendix A1.

[bookmark: _Toc228749788][bookmark: _Toc228751905]Table 6 - Measurement System Analysis
[image: ]

This validation confirms that observed variation reflects actual process conditions and that the measurement system is suitable for supporting statistical analysis.

[bookmark: _Toc228753373]3.5 Data Collection and Process Capability
Process capability was assessed using two complementary measurement systems aligned with the CTQ limits of >17°C and <27°C. Escalation performance was measured using the IT Heat Sensor system, which recorded 85 Sev2/Sev3 heat escalations across the measurement window. These escalations were visualised using a heat map to illustrate where temperature‑related alerts occurred within the building.

To establish a reliable capability baseline, continuous temperature data from the BMS zone sensors were analysed across 20 monitored locations, generating 699,500 total readings. Of these, 49,819 fell below the lower CTQ limit, resulting in a site‑level DPMO of approximately 71,270. Most sensors recorded either zero defects or only minimal dips, while a small number contributed most out‑of‑spec readings. This confirms that temperature variation is concentrated rather than widespread and provides a clear, data‑driven baseline for the Analyse section, where the underlying patterns and sources of variation will be examined in detail.
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[bookmark: _Toc228753375]4. Analyse

The Analyse phase examined continuous BMS temperature data alongside discrete IT Heat Sensor escalation events to identify the underlying drivers of variation. Multi‑vari analysis was selected as it separates positional, temporal, and cyclical sources of variation, a key requirement when diagnosing environmental instability in warehouse operations (Adeodu et al., 2023). This enabled the investigation to determine whether temperature deviation was linked to specific zones, operational timing, or recurring activity cycles.

[bookmark: _Toc228753376]4.1 Process Analysis Methods
Correlation and regression screening were applied to explore whether temperature defects were influenced by operational factors such as door‑open duration, external temperature, or HVAC load. These methods help distinguish meaningful relationships from background noise and are widely used in Lean Six Sigma projects to identify operational contributors to process instability (Nguyen et al., 2025).

Pareto analysis was used to prioritise the most significant contributors to temperature defects, reflecting the typical “vital few” pattern observed in environmental and operational datasets. Heat maps and run charts were incorporated to visualise spatial clustering and temporal drift, enabling rapid identification of hotspots and recurring deviation patterns. An operational diagnostic review of dock‑door air curtains complemented the statistical analysis by validating whether physical infrastructure issues were driving the variation observed in the data.

[bookmark: _Toc228753377]4.2 Review of Analysis Methods
The BMS dataset consists of continuous temperature readings captured every five minutes across 20 sensors, with 34,975 opportunities per sensor. As shown in Figure 4, most sensors recorded zero defects, while three contributed disproportionately: Outbound Dock West (DPMO 618,000), Inbound Dock West (DPMO 397,000), and Outbound Dock East (DPMO 393,500). This aligns with research showing that localised environmental exposure, particularly at building openings, is a primary driver of thermal deviation and energy loss in operational facilities (Goubran et al., 2017). Pareto analysis was therefore appropriate for highlighting the extreme imbalance in defect contribution.

[image: ][bookmark: _Toc228751885]Figure 4 - BMS Zone Sensor DPMO


Table 7 provides a deeper breakdown of these high‑impact zones, showing the operational severity behind the DPMO values. Outbound Dock West recorded 21,614 out‑of‑spec readings and a minimum temperature of 8.9°C, while Inbound Dock West and Outbound Dock East each exceeded 13,700 defects. This granularity reinforces the earlier Pareto finding by showing not only how often these zones failed, but also how far temperatures deviated from the CTQ, strengthening the case for prioritising the Dock areas in the Improve phase.

[bookmark: _Toc228749789][bookmark: _Toc228751906][image: ]Table 7- Top 3 BMS DPMO Contributors

The IT Heat Sensor escalation dataset is event‑based and categorical, making it suitable for frequency analysis and Pareto prioritisation. As represented in Figure 5, Outbound Dock East (18), 



Customer Returns/MHE (14), and the IT Office (12) accounted for most Sev2/Sev3 events. This concentration confirmed that escalation activity was not evenly distributed and required targeted investigation.

[image: ][bookmark: _Toc228751886]Figure 5 - Heat Escalation Pareto (Sev2 and Sev3)

A mixed‑method approach was required to fully understand the problem: event‑based data identified where alarms occurred, while continuous data analysis quantified the duration and severity of temperature deviation. This combination provided a complete picture of both the frequency and impact of temperature instability. Crucially, the two datasets captured different dimensions of the same failure mode, escalations revealed acute breaches that triggered operational disruption, whereas continuous readings exposed chronic underperformance that would otherwise remain hidden. Integrating both perspectives enabled a more robust diagnosis of localised thermal instability, strengthened the validity of the findings, and ensured that subsequent root‑cause analysis targeted the true drivers of variation rather than isolated symptoms.



[bookmark: _Toc228753378]4.3 Graphical Analysis Tools
[image: ]A heat map visualised the distribution of Sev2/Sev3 heat escalations and BMS zone sensor DPMO, highlighting spatial clustering in Inbound Dock, Outbound Dock, Customer Returns and the IT Office (Figure 6). This provided immediate visual confirmation of hotspot zones[bookmark: _Toc228751887]Figure 6 - Pareto Heat Map for IT Heat Sensors and BMS Zone Sensors


Pareto charts were used to separate Sev3 and Sev2 escalation conditions, allowing the two failure modes to be examined independently. Sev3 escalations showed a broad distribution of instability across multiple zones, but the highest counts were concentrated in Outbound Dock East, the IT Office, and Customer Returns/MHE. When the Sev2 thresholds were applied (<13°C or >30°C), only two locations triggered alarms, indicating extreme temperature deviation. Importantly, these Sev2 breaches occurred in the same high‑risk zones identified by the Sev3 Pareto, confirming) that the most severe failures are not random but are consistently linked to the top three offenders (Figure 7-8). This alignment strengthens the case for targeted intervention in these areas during the Improve phase.

[image: ]
[bookmark: _Toc228751888]Figure 7 - Sev 3 Heat Escalations (<17°C or >27°C)
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[bookmark: _Toc228751889]Figure 8 - Sev 2 Heat Escalations (<13°C or >30°C)

Viewed collectively, the two Pareto charts validate the reliability of the diagnostic findings by showing that independent datasets converge on the same high‑risk areas.

[bookmark: _Toc228753379]4.4 Identify Sources of Variation
[image: ]Positional variation was the dominant source. Three dock sensors accounted for nearly all BMS defects, while 17 sensors recorded zero. This clear separation demonstrated that temperature variation was highly localised and driven by environmental exposure, door usage, and airflow disruption in the dock area. A detailed operational review was conducted using an Asana project software package to capture evidence on door activity and HVAC infrastructure, shown in Appendix A2. A full assessment of all 42 dock‑door air curtains was recorded in the Dock Door Air Curtain Tracker (Figure 9). Only 15 doors (35.7%) were fully operational, 17 (40.5%) were running with issues, and 10 (23.8%) had failed. With 64.3% of air curtains degraded or non‑functional, the thermal barrier during trailer operations was significantly compromised. Research confirms that degraded air curtains increase infiltration rates and weaken the aerodynamic barrier at building openings (Goubran et al., 2017).[bookmark: _Toc228751890]Figure 9 - Dock Door Air Curtain Initial Condition

Specific issues included water ingress preventing full inflation (Door 26), curtain snagging that restricted seal integrity (Door 27), air‑curtain fan failure (Door 18), and fire‑alarm integration faults causing uncontrolled door opening (Door 20A). Door‑open duration logs showed a clear relationship between prolonged openings and sharp temperature drops, confirming external air ingress as the primary driver of the lowest recorded temperatures (8.9–13.6°C). Figure 10 represents an example of a poor dock air‑curtain condition, showing visible gaps in the dock‑shelter seal during trailer loading. This defect allows uncontrolled external air ingress, directly undermining the thermal barrier and contributing to the temperature deviations recorded by BMS and IT heat sensors in the dock zones. The image reinforces the diagnostic findings by illustrating how physical deterioration at the dock interface translates into measurable thermal instability within the building.
[image: ][bookmark: _Toc228751891]Figure 10 - Failed Dock Door Air Curtain




















Temporal variation was observed through run‑chart analysis, with deviations occurring during periods of high operational activity. Cyclical variation aligned with Critical Pull Time (CPT) windows, the fixed departure deadlines by which outbound trailers must leave site to meet customer delivery promises. During CPT, multiple dock doors are opened simultaneously to load trailers under time pressure, significantly increasing exposure to external air. This operational surge amplifies thermal loss at the docks precisely when the building is most vulnerable, resulting in the sharp temperature drops shown in Figure 11.
[image: ]Overall, the Analyse phase confirms that temperature variation is driven by positional, temporal, and cyclical factors, with dock‑door operation and air‑curtain condition emerging as the dominant root causes. [bookmark: _Toc228751892]Figure 11 - BMS run chart for Outbound Dock showing 7‑day temperature variation


Whilst the above analysis focused on heat loss at the dock interface, the BMS run chart also highlights a heat‑recovery issue within the building. During CPT windows, temperatures drop cyclically as multiple dock doors open, but the system then fails to recover because several gas heaters and spot coolers in the dock zones were identified as non‑operational. This reduced heating capacity represents chronic process variation, limiting the building’s ability to restore temperature after predictable cyclical disturbances. With these root causes now clearly defined, the Improve phase can focus on targeted interventions that address both heat‑loss pathways and weakened heat‑recovery capability.


[bookmark: _Toc228753380]5. Improve

[bookmark: _Toc228741900][bookmark: _Toc228744389]The Improve phase focused on developing practical solutions to the main causes of temperature instability. Heat‑recovery failures were identified, including non‑operational heaters and failed spot coolers. Heat‑loss issues were also present at the dock doors, driven by prolonged door‑open periods and inconsistent air‑curtain performance. The air curtains were already automated, but their operation required corrective action to ensure consistent activation. Based on the Analyse findings, a set of improvement actions was defined. These actions included heater repairs, spot‑cooler replacement, air‑curtain performance restoration and CPT‑specific door‑management controls. Each option was assessed for CTQ impact, feasibility, cost and sustainability. This structured selection approach aligns with Lean Six Sigma guidance that effective option evaluation strengthens the Improve phase (Chiarini and Kumar, 2020).
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[image: ]An Improve phase FMEA was conducted to prioritise risks and ensure that improvement actions targeted the most critical failure modes. Heat‑loss mechanisms produced the highest RPN values, particularly air‑curtain non‑operation and extended door‑open duration during CPT, due to their high severity, energy loss implications and frequent occurrence. Heat‑recovery failures, including non‑operational heaters and failed HVAC spot coolers, also scored highly as they reduced the building’s ability to recover from temperature disturbances (Table 8). [bookmark: _Toc228749790][bookmark: _Toc228751907]Table 8 - Improve‑phase FMEA and associated RPN values



An incorrect Inbound alarm threshold was identified as a detection‑related failure mode because it prevented timely escalation. Severity reflected the seriousness of the impact, Occurrence represented how often the failure was likely to happen, and Detection indicated how difficult it was to identify the failure before it affected the CTQ. Recommended actions included heater repair, spot‑cooler restoration, air‑curtain performance correction and reinstating the correct threshold.

[bookmark: _Toc228753382]5.2 Cost / Benefit Analysis
The cost/benefit analysis demonstrated that heat‑loss improvements delivered high impact at low to medium cost, while heat‑recovery improvements required moderate investment but provided substantial operational benefit (Table 9). Air‑curtain performance correction was the primary medium‑cost heat‑loss intervention and delivered a significant reduction in infiltration. Door‑management protocols required no financial investment yet prevented prolonged door‑open periods during CPT. Heater repairs and spot‑cooler restoration carried higher costs but were essential for restoring heat‑recovery capability. Correcting the Inbound threshold required no cost but significantly improved detection accuracy. Power‑metering data confirmed reduced heater runtime and lower energy consumption following the improvements, strengthening the overall cost–benefit justification. Overall, the combined improvements offered a strong return on investment by reducing energy waste, stabilising temperatures, and preventing CTQ failures.

[bookmark: _Toc228749791][bookmark: _Toc228751908]Table 9 – Cost / Benefit Analysis of Improve‑Phase Interventions
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[bookmark: _Toc228753383]5.3 Should‑Be / Future State
The future state aims to enhance temperature‑control monitoring by integrating DPMO‑style defect tracking into the BMS. This functionality is not currently available, but the concept originates from similar defect‑monitoring work within Amazon’s Material Handling Equipment programmes. In the proposed future state, the BMS would calculate and display DPMO values for each monitored zone, providing real‑time visibility of defect rates, early indicators of performance decline, identification of potential under capacity HVAC and insight into recovery time following a breach. This would enable earlier intervention, reduce reliance on reactive escalations and support a more predictive, data‑driven approach to maintaining stable temperature performance across the site.

[bookmark: _Toc228753384]5.4 Validate Improvements
[image: ]The HVAC tracker summarises all identified temperature‑related issues, the root causes, and corrective actions across CWL1, demonstrating full resolution and validating that improvements were comprehensive, targeted, and operationally effective (Table 10).[bookmark: _Toc228749792][bookmark: _Toc228751909]Table 10 - HVAC Remedials Action Tracker

[image: ]Post‑improvement BMS data showed substantial reductions in heat‑loss‑driven deviations across the dock zones. Outbound Dock West decreased from 618,000 to 446,700 DPMO (27.7%), Inbound Dock West from 397,000 to 239,900 DPMO (39.6%), and Outbound Dock East from 393,500 to 309,900 DPMO (21.2%). South Office, Reception and the Canteen all fell to zero DPMO, confirming full resolution, while Inbound Dock East showed only a minor rise from 10,460 to 11,940 DPMO (Fifteen of twenty sensors recorded zero defects, demonstrating a significant reduction in heat‑loss‑driven instability. Despite the transition to the new IT monitoring platform, which made escalation data less readily accessible, no Sev2 heat escalations were recorded, down from six previously, further evidence strengthened temperature‑control capability.[bookmark: _Toc228751893]Figure 12 - BMS Sensor DPMO Validation













[bookmark: _Toc228753385]6. Control 

[image: ]The Control phase ensures that the improvements achieved during the project are sustained and that the process does not revert to previous performance levels. This aligns with Monday (2022), who emphasises that the purpose of the Control phase within DMAIC is to maintain the gains achieved in the Improve phase through structured monitoring, standardisation and early‑warning mechanisms. A critical weakness identified during the investigation was that bay‑level maintenance checks are only completed every six months (Figure 13). [bookmark: _Toc228751894]Figure 13 - Dock Door Air Curtain Maintenance Checks (Source: Amazon CMMS, 2026)

For a high‑throughput dock environment operating under continuous mechanical load, this interval is excessively long. The uploaded maintenance checklist for the air‑bag door seal shows that inspections focus on fastening, airtightness, fan operation, electrical terminations and cleaning, but these tasks are only triggered during the scheduled maintenance cycle. The condition of one of the bays, shown in Figure 14, demonstrated how deterioration can accumulate and remain undetected for months. Prior to intervention, the bay exhibited visible gaps in the seal, misalignment between the trailer and dock interface, and weakened air‑barrier performance, all of which contributed to significant heat‑loss instability. Corrective work carried out by RME included replaced an excessively corroded and non-operational Dock fan motor. Following these repairs, the bay returned to stable operation, with improved seal contact and reduced infiltration during loading. This before‑and‑after contrast illustrates how defects can escalate unnoticed under a six‑month maintenance cycle and reinforces the need for operational controls that detect deterioration far earlier than scheduled [image: ]inspections allow.[bookmark: _Toc228751895]Figure 14 - Dock Door Air Curtain and Seal Condition Before and After Corrective Work

[image: ]A further gap was identified within the existing Transportation Dock Release (TDR) process. The uploaded TDR checklist contains no reference to air‑curtain integrity, meaning operators are not required to verify whether the air curtain is functioning before the dock door is used (Figure 15). As a result, failures can persist unnoticed until a temperature deviation is detected by the BMS and IT Heat sensors, creating a reactive rather than preventive control environment. The TDR process is the formal readiness check completed at every dock door before loading begins, ensuring that the trailer is secured, the dock interface is safe, and the equipment is in a suitable condition for CPT activity. Integrating an explicit air‑curtain check into the future‑state TDR process ensures that deterioration is identified far earlier than the six‑month maintenance window would allow.[bookmark: _Toc228751896]Figure 15 - Dock TDR Process (Source: Amazon WHS TDR Process EU, 2026)

Operational controls now focus on daily BMS checks by the Facilities team to ensure HVAC operation and to verify that dock interfaces function as intended during CPT activity, including the new air‑curtain verification step. Real‑time BMS monitoring routes temperature deviations directly to Facilities, with any breach of CTQ limits triggering rapid escalation. Weekly DPMO trend reviews and power‑metering data provide ongoing validation that heat‑loss and heat‑recovery controls remain balanced. By implementing these controls, the Control phase ensures that the process shifts from reactive detection to proactive stability management, reducing the likelihood of unnoticed deterioration and maintaining thermal performance within specification.
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[bookmark: _Toc228753387]7. Conclusion

This Six Sigma project applied the DMAIC methodology to diagnose and reduce temperature instability within Amazon CWL1, addressing a long‑standing operational issue that had generated recurring Sev2 and Sev3 escalation events. Through a structured and data driven approach, the project demonstrated that temperature deviation was not the result of isolated equipment failures, but a combination of positional, temporal and cyclical variation concentrated primarily in the dock areas. The Measure phase established a robust baseline using 699,500 BMS readings and escalation data, confirming that three dock sensors accounted for the majority of defects and that temperature variation was highly localised rather than sitewide.

The Analyse phase identified two dominant root causes. Heat loss was driven by degraded dock door air curtains and prolonged door open periods during CPT, while heat recovery limitations were caused by non-operational heaters and failed spot coolers. The air curtain assessment showed that only 35.7 percent of units were fully functional, significantly weakening the thermal barrier at the building envelope. These findings were reinforced by run chart evidence showing cyclical temperature drops during CPT windows and slow recovery due to reduced heating capacity.

Targeted improvements were implemented in the Improve phase, including heater repairs, spot cooler replacement, restoration of air curtain performance and operational controls to reduce unnecessary door open duration. These actions were prioritised using FMEA to ensure that the highest risk failure modes were addressed first. The Control phase established sustainable mechanisms to maintain gains, including daily BMS checks, real time escalation routing, weekly DPMO reviews and the introduction of an air curtain integrity check within the TDR process.

A key indicator of success was that dock temperatures stabilised to the point where associates began requesting that heating be reduced, demonstrating a complete reversal of the original problem (Figure 16). This closes the loop on both Critical to Quality requirements and the Voice of the Customer, confirming that the improvements delivered meaningful and measurable benefits to site operations.
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[bookmark: _Toc228751897]Figure 16 - Voice of the Associate (Customer)
[image: ]Analysis of gas‑flow data from BMS across 2024–2026 showed the expected seasonal heating pattern, with higher demand during winter and lower demand in spring. Importantly, there was no increase in gas consumption following the heater repairs, air‑curtain restoration and door‑management controls. This indicates that the improvements stabilised heat‑loss pathways without creating additional energy demand, demonstrating that temperature recovery capability was restored without negative impact on energy performance (Figures 17-18). [bookmark: _Toc228751898]Figure 17 - Gas usage October 2025 - May 2026

[image: ][bookmark: _Toc228751899]Figure 18 - Gas Usage October 2025 - May 2026

The analysis was limited by the transition to the new IT monitoring platform in February 2026, which reduced IT Heat Sensor Sev3 escalation visibility, though BMS data remained sufficient to validate improvement impact. Overall, the project strengthened temperature control capability, reduced exposure to thermal deviation and enhanced operational resilience through sustainable, evidence-based improvements.
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confirm persistent thermalinstabilty requiring a system-wide investigation nto.
mechanical, environmental. process-control. and operationalfactors

Reduce Sev2 and Sevd escalation events; improve HVAC/BMS temperature control
stabiliy; ensure working conditions remain within expected operational temperature:
ranges (17-27°C); supportrelisble operations and compliancewith safety standards.

ProjectTeam

[Support Personnel

Role / Name.

Role / Name. Responsibilities

Sponsor (Site Manager)-Chris Bailey __|Alignement and barrer removal

[WHS Site Safety - AndyJohnson Monitor temperature-related risks.

Champion (RME Manager) - Craig Davies | Approvaland support

[RME Technician 1-Oliver Ellement | Data gathering, Technical support

Leadier (Green Belr)-Mathew Soroka | Lead project, analyze, improve process.

RME Technician 2-Robert Mawson | Data gathering, Technical support

Subject Matter Expert (SME)- Alex Williams | Direct technicians and validate processes

BMS / HVAC Vendor—Richard Carlson _|Ensure BMS/ HVAC operation and support

Problem In Scope

Project Out of Scope

[This project targets allsite areas with temperature deviations, including workspaces,
common areas, and server rooms. Activties include monitoring and measuring
temperatures, dentifying heat loss or airflow issues, implementing corrective.

Major structural modifications and full HVAC replacements are excluded unless.
dentified as criicalfailures. Non-temperature environmental factors, such s lighting
or noise, are not included in this project.

[Voice of the Customer (VoC)

[Estimated Financial Benefits

Intemal: Associates -comfort and safety; Operations -uninterrupted workflow; RME —
system monitoring and support; WHS -temperature compliance.

Extemal: HSE -temperature standards; Amazon Leadership —operationalefficiency.

[The estimated 10% HVAC energy savings, based on stabilizing +2°C temperature
deviations, reduces unnecessary heating and cooling cycles. Actoss workspaces this
saves approximately £10,000/year at £0.20/kWh, providing measurable energy, cost,
and operational benefits while supporting efficiency and recuced maintenance.

Criticalto Quality (CTQs)

Key Metrics / Key Performance Indicators

Temperature Stability-Msintain 17-27°C inallareas

Week 1-2: variable: Week 3-6: improving Week 7-12: 295%, 5 15°C.

Escalations & Complaints -Reduce Sev2/3 events and comfort complaints

Week 1-2: Slow; Week 3-6: Improving; Week 7-12: Avg response = 15 min, 290%.
cortected; 0 non-compliance, 100% compliant

HVAC Responsiveness & Compliance - Improve system response and meet HSE.

‘Average response < 16 minutes; 290% corrected: zero non-compliance, fully

Regulatory Compliance ~Ensure HSE temperature standards are met. Not less than 13

Non-compliance events: 0; % of monitored areas compliant: 100%

ProjectTimeline

Project Phase Define Measure

Analyze Improve Control

Review Date 14/02/2026 28/02/2026

13/08/2026 03/0412026 17/04/2026

Completion Date

ProjectLeader (Green Belt)
Process Sponsor/ Champion|

Name &Signature Date
Mathew Soroka 01/02/2026
Chris Bailey 01/02/2026
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Figure 1: BMS Zone Sensor DPMO — Pareto Analysis.
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Figure 5: Top 3 BMS DPMO Worst Offenders
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2 13 Inbound Dock West 397,000 13,885 10.3°C 713%
3 6  Outbound Dock East 393,500 13,762 136°C 98.9%

Figure 5: Top 3 BMS Zone Sensor DPMO Worst Offenders. Three sensors account for 98.9% of all
recorded defects across the 20-sensor network.
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Figure 2: Heat Escalation Pareto — Total (Sev 2 + Sev 3)
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Figure 3: Heat Escalation Pareto — Sev 3 Only (<17°C or 527°C)
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Figure 3: Heat Escalation Pareto — Sev 3 Only (<17°C or >27°C). Top three locations account for 51.4%
of all Sev 3 events.
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FMEA (Failure Mode Effect Analysis)
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[ ~

'DOCKS.19. AIRBAGSEAL

DOCKS.19.AIRBAGSEAL

DOCKS.19.AIRBAGSEAL

DOCKS.19. AIRBAGSEAL

DOCKS.19.AIRBAGSEAL

DOCKS.19.AIRBAGSEAL

DOCKS.19. AIRBAGSEAL

DOCKS.19.AIRBAGSEAL

DOCKS.19.AIRBAGSEAL

DOCKS.19.AIRBAGSEAL

Equipment Description
[F] v |air

DOCKS, 19, AIR BAG
DOOR SEAL

DOCKS, 19, AIR BAG
DOOR SEAL

DOCKS, 19, AIR BAG
DOOR SEAL

DOCKS, 19, AIR BAG
DOOR SEAL

DOCKS, 19, AIR BAG
DOOR SEAL

DOCKS, 19, AIR BAG
DOOR SEAL

DOCKS, 19, AIR BAG
DOOR SEAL

DOCKS, 19, AIR BAG
DOOR SEAL

DOCKS, 19, AIR BAG
DOOR SEAL

DOCKS, 19, AIR BAG
DOOR SEAL

Description

[l v

All components are properly fastened , free from damage and corrosion

The airbags do not show any damage

Check airbags for proper airtightness on occupied dock doors

The fan is functioning correctly and doesn't make any unusual noise

Are all cables properly routed and fixed

Are all electrical terminations secure

Measure the power consumption of the fan and compare to manufacturer specification

Lubricate bearings of fan & motor if possible7necessary

Carry out a functional cleaning of air intakes, outlets & dirty aomponents to maintain a reliable operation

(e.g. airbags air intake, motor cooling air intake, etc.)

Check the 0&M manual and carry out additional required tasks
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Have you attached all keys to the bay door (where relevant)? Verify if keys match the
paperwork and bay number. Keys include vehicle & lock n'stop where relevant.

If Combilok compatible — extend the Combilok. Is the Combilok in place and the
internal dock light green?

1f NO green light (but vehicle compatible) ask OM to verify combilok is in place (escalate to
AM/0ffice). AM/Office to arrange for OM to fit Lock'n'Stop, wheel chocks and jackstand (for
dropped trailer). Note: Do not enter trailer until the internal traffic light is green (if fitted) &
dock leveler is in place.

8b

If Combilok NOT compatible, are the Lock'n’Stop and chock fitted? OM to confirm -
check step 4b. Put keys on bay door. Ask AM to request de-activation of the Combilok.

Has the dock door been opened fully and secured? Is the dock leveler lowered and
in a safe position (follow dock leveler guide marker, ideally 15 cm)

Lower it by the control panel. Check using visual guidance on dock leveler or dock door if the
elevation is not too steep for PIT safe operation. Do not enter trailer without dock leveler.

Indoor Marshal (IM)

10

Has the internal light changed to green? (If lights fitted)
Do not enter a trailer untilthe internal light is green & dock leveler in place.

1

Is the vehicle safe to access, no debris? Goods stable/secured to be unloaded?
Visual inspection (check the light works/no debris or damage/straps secure). Check trailer door
securely open. Double deck-upper deck internal supports in place and straps secure, upper
deck flap in secured position. Escalate to AM if unsure.

Login (PRINT)

[ Time:

Signature:
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Natasha nmatthe@ * 54m
m FC Associate, L1 @ @ Closed
Tenure: 3+ years | Shift pattern: AAAB

Can you turn the heaters off in the outbound dock??
I understand people get cold of stations in outbound but they can just add an extra layer of clothing on.
It's hard work loading lorry’s moving pallets the whole shift when the heating is on blasting

+ 4
Response

Mathew matsorok@ * 13m @
RME Area Manger L5, L5

Hi Natasha,
Thank you for raising this, it's greatly appreciated and helps us take the right actions quickly.

The RME team are currently progressing through the Dock Door Air Curtain project both in Inbound and Outbound, systematically identifying failed units and implementing the necessary
repairs to prevent heat escalation in the dock area.

Over the weekend, the RME Red Team completed repairs on Bay 19, which had been identified as a significant contributor to heat loss in the Inbound Dock and the introduction of cold air
into the space. With this fix now in place, we're able to bring dock temperatures back in line with the network standard.

Thank you for verifying the repair, it enables us to close out actions with confidence.

Regards,
Mathew
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