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3) Introduction

Budweiser Brewing Group UK&lI, part of the global AB InBev family, operates one of its key facilities at the Magor
Brewery in South Wales. As a leader in the brewing industry, the Group is committed to maintaining the highest
standards of product quality and efficiency across its operations. Within the Magor Brewery, the canning
department plays a critical role in this mission, especially in ensuring the longevity and taste of the beer through
advanced packaging technologies. One such technology, pivotal to maintaining these standards, is the bubble
breaker—a device designed to minimize the Total Packaged Oxygen (TPO) in canned beer.

BREWING GROUP UK&|™

Figure 1 — The Magor Brewery in South Wales

TPO is a crucial quality control parameter in the brewing industry, influencing the beer's shelf life and flavour
stability. The presence of oxygen within packaged beer can lead to oxidation, which deteriorates the quality of the
beer over time. The bubble breaker addresses this challenge by blowing CO2 over open beer cans to eliminate
oxygen bubbles before sealing. This process significantly reduces TPO levels, thereby enhancing the beer's shelf life
and ensuring the consistency of its flavour profile.

The purpose of this assighnment is to undertake a comprehensive evaluation of the maintenance strategies employed
for the bubble breaker at the Magor Brewery. This involves a critical review of the current maintenance practices, an
assessment of their effectiveness, and the exploration of potential improvements to enhance the device's
performance and reliability. The evaluation will also consider the costs and resources required to implement these
improvements, aiming to provide actionable recommendations that align with the brewery's goals of product quality
and operational excellence.

By focusing on the bubble breaker, this report seeks to contribute to the broader objectives of Budweiser Brewing
Group UK&I, emphasizing the importance of maintenance excellence in sustaining high-quality brewing processes.
Through a structured approach that includes literature review, analysis of current practices, and strategic
recommendations, this evaluation aims to offer insights into optimizing maintenance practices for critical brewing
equipment, thereby supporting the Group's commitment to excellence and innovation in beer production.
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4) Critical Review of Current Maintenance Practices

4.1) Understanding and Interaction with the Bubble Breaker:

The bubble breaker's role as a key component in reducing Total Packaged Oxygen (TPO) and preserving beer quality
is not fully understood by the operational staff at Budweiser Brewing Group's Magor Brewery. It has become evident
that there is a significant gap in knowledge regarding the function and proper operation of the bubble breaker
among operators. This lack of understanding extends to essential operational adjustments that can impact the
effectiveness of the TPO reduction process, such as the adjustment of the bubble breaker's height and the regulation
of CO2 pressure.

Figure 2 — Setting Bubble Breaker Block Figure 3 — Adjusting Bubble Breaker
Height with Stainless Steel Rule Regulation of CO2 Pressure

While some operators occasionally adjust the CO2 pressure to modulate the amount of CO2 dispensed, this practice
is not uniformly applied, and the rationale behind such adjustments seems to be based on individual discretion
rather than a structured approach or understanding of the equipment's optimal operation. Furthermore, the
adjustment of the bubble breaker's height, a critical parameter for ensuring efficient CO2 blanket formation over the
beer cans, is largely neglected. This oversight can lead to suboptimal oxygen displacement, affecting the quality of
the product.

4.2) Identified Gaps and Their Implications:
The main issues identified from the current state of practice around the bubble breaker include:

e Limited Operational Knowledge: Operators' lack of comprehensive understanding about how the bubble
breaker works—or its importance in the production process—highlights a critical gap in training and knowledge
management within the brewery. This gap jeopardizes the quality of the final product and the efficiency of the
production line.

e Inconsistent Equipment Handling: The absence of standardized procedures for adjusting the bubble breaker's
settings (both height and CO2 pressure) indicates a piecemeal approach to equipment management. This
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4.3)

inconsistency can lead to variability in the beer's exposure to CO2, directly impacting the effectiveness of TPO
reduction.

Lack of Proactive Maintenance and SOPs: The earlier noted absence of formal maintenance practices is
compounded by the operators' limited engagement with the equipment's functional adjustments. The lack of
SOPs not only affects the bubble breaker's maintenance but also its day-to-day operation, leading to
inefficiencies and potential quality control issues.

Recommendations for Immediate Action:

Given these observations, several immediate actions are recommended to address the knowledge and operational
gaps surrounding the bubble breaker:

1.

Development and Implementation of SOPs: Create comprehensive Standard Operating Procedures that
cover both maintenance and operational adjustments of the bubble breaker. SOPs should include guidelines
on the optimal height and CO2 pressure settings, informed by the equipment's design specifications and best
practices for TPO reduction.

Operator Training Program: Initiate a targeted training program for operators, focusing on the importance
of TPO reduction, the role of the bubble breaker in this process, and the practical skills needed to adjust and
maintain the equipment properly. This program should aim to build a solid understanding of the
equipment's operation and its impact on product quality.

Regular Knowledge Refreshment Sessions: To combat knowledge attrition and ensure the continuous
competency of the workforce, implement regular refresher courses that keep staff updated on operational
best practices and any new developments related to the equipment or the production process.

Monitoring and Feedback Mechanism: Establish a monitoring system to track the performance of the
bubble breaker and the consistency of its operation across different shifts. This system should be coupled
with a feedback mechanism that allows operators to report issues or suggest improvements, fostering a
culture of continuous improvement and engagement.

Addressing these gaps through structured training, standardized procedures, and active monitoring will significantly
enhance the bubble breaker's maintenance and operation. This strategic approach will not only improve the
equipment's reliability and efficiency but also reinforce the brewery's commitment to maintaining the highest
quality standards in its products.
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5) Evaluating and Enhancing Maintenance Practices

5.1) Evaluation of Current Maintenance Practices

Upon meticulous examination of the existing maintenance protocol for the bubble breaker at Budweiser Brewing
Group's Magor Brewery, it becomes apparent that the practices in place are insufficiently equipped to tackle the
challenges presented by modern production demands. The identified gaps in operational knowledge, inconsistent
equipment handling, and a lack of proactive maintenance strategies underscore the urgent need for a more
sophisticated and integrated approach. Addressing these shortcomings through the development and
implementation of comprehensive training, the adoption of advanced technologies for condition monitoring, data-
driven maintenance scheduling, and the establishment of robust feedback mechanisms is essential. This integrated
strategy aims to significantly advance the brewery's maintenance operations, enhancing the reliability, efficiency,
and product quality of the bubble breaker. By consolidating these enhancements into a cohesive plan, the brewery
can ensure that it not only addresses the critical gaps identified in the current maintenance strategy but also sets a
foundation for sustained operational excellence (Kumar & Saini, 2023; Ozbiltekin-Pala et al., 2022; Pansare et al.,
2022).

5.2) Understanding and Interaction with the Bubble Breaker

i) Advanced Training and Educational Initiatives:
e Develop an interactive, in-depth training program focused on the bubble breaker's operational principles,
emphasizing its crucial role in reducing Total Packaged Oxygen (TPO) and ensuring beer quality.

e Organize workshops with the equipment's manufacturers to deepen technical knowledge and practical skills
in bubble breaker operation and maintenance.

e Utilize augmented reality (AR) technology for hands-on simulation experiences, enabling operators to
visualize the bubble breaker's impact on the production process and understand the criticality of precise
adjustments (Bryan, 2006; Sisson, 2019).

ii) Operational Technology Integration:
e Equip the bubble breaker with loT sensors to monitor performance parameters continuously. Use this data
to facilitate immediate adjustments and pre-emptive maintenance actions.

e Implement a centralized control dashboard that provides real-time feedback on the bubble breaker’s
operational settings, enhancing decision-making and precision (Shehadeh et al., 2016; Muazu & Tasmin,
2019).

5.3) Equipment Handling Standardization
i) SOPs and Procedural Clarity:
e Create detailed Standard Operating Procedures (SOPs) for the bubble breaker, covering both routine
maintenance and operational adjustments, such as optimal height and CO2 pressure settings (Pinto Junior &
Mendes, 2017).

e Conduct practical workshops to ensure familiarity with these SOPs, emphasizing their importance in
maintaining consistent product quality.

5.4)  Proactive Maintenance Strategy

i) Data-Driven Scheduling and RCM Principles:
e Integrate machine learning algorithms with the brewery's data management systems to analyse historical
performance data, enabling a shift from calendar-based to condition-based maintenance scheduling.

e Conduct a Reliability-Centred Maintenance (RCM) analysis to prioritize maintenance tasks based on the
bubble breaker's specific needs, focusing on critical components and their potential failure modes through a
detailed Failure Mode Effects Analysis (FMEA) (Leelasarada et al., 2017; Elnaga & Imran, 2013).
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ii) Condition Monitoring Tools:

5.5)

Deploy a suite of condition monitoring tools, including vibration sensors, thermal cameras, and ultrasonic
detectors, tailored to the bubble breaker’s operational requirements. This will enable real-time monitoring
and early detection of potential issues (Pellissier, 2009).

Continuous Improvement and Engagement

i) Feedback Loop and Performance Monitoring:

5.6)

Launch a digital platform for real-time reporting of operational issues and suggestions for improvement,
accessible via mobile devices to encourage active participation from operators.

Implement a regular review cycle to evaluate feedback, discuss performance metrics, and identify
continuous improvement initiatives. Celebrate achievements to motivate staff engagement (Found et al.,
2018).

Application of Analytical Tools

i) P-F Curve and FMECA Integration:

Apply the P-F Curve analysis to identify early warning signs of wear or failure, enabling timely maintenance
interventions before operational impact (Zhang & Chu, 2010).
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Figure 4 — Design-Failure-Potential Failure-Failure Curve

The D-I-P-F curve, commonly known as the P-F curve in maintenance and reliability engineering, is a conceptual
graph that illustrates the stages of failure in a piece of equipment or component over time. It helps in understanding
how a failure develops and provides insights into detecting and addressing potential failures before they occur. The
curve is divided into four key segments: D (Design), | (Installation), P (Potential Failure), and F (Functional Failure).

Here's

1.

a breakdown of each segment (Mobley, 2002):

D - Design: This initial point or phase represents the condition of the equipment immediately after its design
and manufacture, presumed to be at its peak performance and reliability. The equipment is expected to
operate as intended without any degradation or loss of function.

I - Installation: This phase represents the equipment's condition after installation and during its operation.
Even with the best design and manufacturing processes, the performance of equipment can be significantly
influenced by how well it is installed, commissioned, and integrated into the operational environment.
Improper installation can lead to premature wear or failure.

P - Potential Failure: This is a critical point on the curve where a potential failure can be detected but has
not yet resulted in a complete loss of function. It is the stage where condition monitoring and predictive
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maintenance techniques are most valuable. Identifying signs of potential failure (such as abnormal
vibrations, unusual noises, or increased heat) allows for intervention before the equipment fails. The interval
between P and F is known as the P-F interval, offering a window of opportunity for corrective action to
prevent or mitigate the impact of the failure.

4. F - Functional Failure: This stage occurs when the equipment no longer performs its intended function or has
degraded to a point where it is considered failed. The goal of maintenance strategies, particularly predictive
maintenance, is to identify and rectify issues before reaching this point.

The D-I-P-F curve underscores the importance of regular monitoring and maintenance to detect early signs of
deterioration. By acting within the P-F interval, maintenance teams can plan and execute maintenance activities
more effectively, reducing unplanned downtime and extending the lifespan of the equipment. This approach
contrasts with reactive maintenance, which only addresses failures after they have occurred, often resulting in
higher costs and longer downtime.

e Conduct a comprehensive FMECA to assess the potential failure modes of the bubble breaker and their
impact on operations, prioritizing maintenance tasks based on criticality and likelihood (Sherwin, 2000).

Failure Modes, Effects, and Criticality Analysis (FMECA) is an extension of Failure Modes and Effects Analysis (FMEA),
a systematic method used to identify and evaluate the potential failure modes of a product or process, understand
the causes and effects of these failures, and prioritize the actions needed to mitigate or eliminate the risk of these
failures. FMECA adds an additional layer of analysis by assessing the criticality of each failure mode, allowing
organizations to focus their efforts on the most significant issues that could impact system performance, safety,
reliability, and regulatory compliance (Stamatis, 2003).

5.7) Key Components of FMECA:
1. Failure Modes: The ways in which a process, design, product, or system can fail. Failures are classified
according to their impact on the operation or functionality.

2. Effects Analysis: The process of identifying the consequences of each failure mode on the system, product,
or process. This includes considering the impact on the end-user, the environment, and compliance with
regulations.

3. Causes of Failure: Identifying the root causes that could lead to each failure mode. This might include
material defects, design flaws, human error, or environmental conditions.

4. Criticality Analysis: An assessment of the severity and likelihood of each failure mode, which helps in
prioritizing the failure modes that need immediate attention or mitigation. Criticality is typically evaluated
based on the impact on safety, system performance, and regulatory compliance, among other factors.

5. Risk Priority Number (RPN): A numerical value that ranks the risk of each failure mode by considering its
severity, occurrence (likelihood), and detectability. This helps in prioritizing which failure modes to address
first.

5.8) Purpose and Benefits of FMECA:
e Risk Management: Helps identify and prioritize the risks associated with failure modes, focusing resources
on mitigating the most critical issues.

¢ Improves Reliability and Safety: By addressing the most critical failures, FMECA contributes to the overall
reliability and safety of a system, product, or process.

e Supports Decision Making: Provides a structured framework for decision-makers to identify, prioritize, and
implement corrective actions.

e Cost Reduction: Prevents costly downtime and repairs by proactively identifying and mitigating potential
failures.

e Regulatory Compliance: Assists in meeting safety and reliability standards set by regulatory bodies.
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5.9) Application of FMECA:

FMECA is widely used in various industries, including aerospace, automotive, manufacturing, and healthcare, to
ensure products and processes are as fail-safe as possible. It is particularly valuable in complex systems where
failures could have catastrophic consequences. By systematically analysing potential failures and their impacts,
organizations can develop more reliable, safe, and efficient products and processes (Bowles & Pelaez, 1995).

5.10) Conclusive Evaluation

Adopting this holistic strategy for enhancing the maintenance practices of the bubble breaker at Budweiser Brewing
Group's Magor Brewery represents a significant step towards not only addressing the immediate challenges
identified in the current maintenance regime but also setting a robust foundation for sustained operational
excellence and product quality. By integrating advanced training programs, leveraging cutting-edge condition
monitoring technologies, implementing data-driven maintenance scheduling, and fostering a culture of continuous
improvement through structured feedback mechanisms, the brewery is poised to achieve a remarkable
transformation in the maintenance and operation of its critical equipment.

This comprehensive approach ensures that the bubble breaker operates at peak efficiency, directly contributing to
the brewery's core mission of producing beer of the highest quality by minimizing Total Packaged Oxygen (TPO)
levels, which is crucial for maintaining the beer's flavour stability and shelf life (Bamforth, 2008; Hough et al., 1982).
The emphasis on education and hands-on experience will bridge the existing knowledge gaps among operators,
empowering them with a deep understanding of their role in the production process and the impact of their actions
on product integrity. The adoption of condition-based maintenance scheduling, underpinned by the principles of
Reliability-Centred Maintenance (RCM) and informed by predictive analytics, marks a transition from reactive to
proactive maintenance strategies, optimizing resource allocation and minimizing unplanned downtime (Moubray,
1997).

Moreover, the establishment of a feedback loop and the integration of analytical tools such as the P-F Curve and
FMECA into the maintenance strategy underscore the brewery's commitment to leveraging data for informed
decision-making and prioritizing maintenance activities based on their potential impact on operations (Mobley,
2002). This not only enhances the reliability and performance of the bubble breaker but also aligns maintenance
efforts with the brewery's broader operational goals and sustainability initiatives.

In conclusion, the strategic enhancements proposed for the bubble breaker's maintenance practices embody a
forward-thinking approach that transcends traditional maintenance methodologies. By fostering a culture of
innovation, continuous learning, and operational excellence, Budweiser Brewing Group's Magor Brewery is setting a
new standard for maintenance practices within the industry. This initiative not only underscores the brewery's
dedication to product quality and operational efficiency but also demonstrates a commitment to its workforce's
development and well-being, paving the way for a future where the brewery continues to thrive in an ever-evolving
market landscape.
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6) Costs & Resources: Implementing Changes
6.1) Financial Implications and ROI

i) Initial Investment

The initial investment includes costs associated with acquiring new condition monitoring technologies, such as loT
sensors and AR for training, as well as the development and implementation of a comprehensive training program.
This also covers investments in software for data-driven maintenance scheduling and the integration of feedback
mechanisms. The financial outlay will vary based on the scale of implementation and the specific technologies
adopted but can be expected to run into several hundreds of thousands of pounds, considering both hardware,
software, and personnel training aspects (Parida & Chattopadhyay, 2007).

ii) Potential Savings

Potential savings come from reduced downtime, lower maintenance costs, improved efficiency, and extended
equipment lifespan, and a notable decrease in consumer complaints. Implementing condition-based maintenance
can reduce maintenance costs by 20-25%, while predictive maintenance strategies can further enhance savings by
reducing unplanned downtimes by up to 50% (Swanson, 2001). Additionally, the reduction in TPO levels can improve
product quality, potentially increasing market share and revenue. Significantly, the reduction in consumer
complaints not only enhances brand reputation but also leads to savings in customer service and warranty claims,
further contributing to the overall financial benefits of the proposed changes.

iii) Return on Investment (ROI)

ROl is calculated by comparing the net savings (total savings minus initial investment) to the initial investment, over
a certain period, typically 3-5 years for industrial investments. Given the expected savings, the ROI for the proposed
improvements could be significant, with break-even points potentially within the first two to three years post-
implementation, depending on the specific costs and savings realized (Tsang, 2002).

6.2) Resource Requirements

i) Additional Personnel

Implementing the proposed changes may require hiring additional maintenance staff or reallocating existing
employees to specialized roles. This includes technicians skilled in 10T technologies and data analysis, as well as
training coordinators for ongoing educational programs.

ii) Training Needs

A substantial part of the resource allocation will go towards developing and delivering training programs. This
involves not only the creation of materials and resources for AR-based and hands-on training but also potentially
hiring external experts or consultants to facilitate workshops and sessions.

iii) New Technology Acquisitions
Acquisition of new technologies encompasses loT sensors, AR equipment for training, software for data analytics and
maintenance scheduling, and possibly new tools or devices for improved condition monitoring and diagnostics.

6.3) Change Management Implications: A Discussion

i) Stakeholder Engagement: The Foundation of Transformation
Engaging stakeholders effectively is paramount. In the context of Budweiser Brewing Group's Magor Brewery, where
the operation of the bubble breaker and its significance in reducing Total Packaged Oxygen (TPO) levels is not fully
appreciated, engaging every level of the organization becomes a critical first step. This engagement isn't just about
informing but also about creating a dialogue. Regular updates and forums for feedback become platforms for sharing
insights into how the bubble breaker's optimization directly impacts beer quality, addressing the gap in
understanding its operational principles. Such discussions can catalyse a shift in perception, making the stakeholder
see the value in the proposed changes, beyond the mere operational adjustments, towards enhancing the product's
integrity.
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ii) Process Reconfiguration: More Than Just Adjustments

The necessity for process reconfiguration transcends the mere introduction of new technologies or practices; it's
about rethinking how we interact with our tools and equipment. Given the inconsistent handling and adjustment of
the bubble breaker's settings, reconfiguring processes must involve a holistic understanding of the equipment's role
in quality control. This discussion involves not just the technical teams but also the operators, encouraging a shared
responsibility in maintaining optimal TPO levels. By mapping out current processes and identifying integration points
for new technologies and SOPs, we foster an environment where operational adjustments are not based on
individual discretion but on a collective understanding of best practices.

iii) Navigating Transition Challenges: A Collaborative Approach

The transition to enhanced maintenance practices is fraught with potential resistance, not least because of the
identified gaps in knowledge and the inconsistent application of adjustments to the bubble breaker. Addressing
these challenges requires a strategy that's inclusive, one that recognizes the complexity of integrating new
technologies while respecting the learning curve involved. Phased rollouts and pilot testing offer a path to gradually
introduce changes, allowing for real-time feedback and adjustment. This approach not only mitigates resistance but
also builds competency and confidence among the staff, ensuring that the transition is as much about learning and
adaptation as it is about enhancement and efficiency.

6.4)  Linking Discussion to Action

i) Immediate Actions for Bridging Knowledge Gaps

The critical review highlighted immediate actions necessary to bridge the knowledge and operational gaps. These
actions, including the development of SOPs and targeted operator training programs, are not just tasks to be
completed. They represent a commitment to elevating the understanding and interaction with the bubble breaker.
The discussion around these actions should emphasize their role in not just correcting inefficiencies but in building a
foundation for continuous improvement and engagement.

6.5) Conclusion: A Unified Vision for Change

The integration of advanced training, condition monitoring technologies, and a culture of continuous improvement
represents a holistic strategy to address the immediate challenges identified. However, the success of this strategy
hinges on our ability to manage change effectively. Through active stakeholder engagement, thoughtful process
reconfiguration, and a collaborative approach to navigating challenges, we can ensure that these enhancements lead
to a significant transformation in maintenance practices. Ultimately, this strategy is about more than just operational
efficiency; it's about fostering a culture of innovation, learning, and quality that positions Budweiser Brewing Group's
Magor Brewery at the forefront of the industry.
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7) Conclusions/Recommendations
7.1)  Key Findings:

The critical review of current maintenance practices for the bubble breaker at Budweiser Brewing Group's Magor
Brewery has unveiled a series of inefficiencies. These include gaps in operational knowledge, inconsistent equipment
handling, and a noticeable absence of proactive maintenance strategies. Such shortcomings hinder the effective
reduction of Total Packaged Oxygen (TPO), which is paramount for preserving beer quality. The findings underscore
the necessity for a more sophisticated and integrated approach to maintenance, leveraging advanced technologies
and structured training to bridge the knowledge gap and standardize equipment handling.

7.2) Recommendations:

i) Short-term (0-6 months):

Standard Operating Procedures (SOPs): Develop and implement comprehensive SOPs for the bubble breaker's
operation and maintenance. These SOPs should detail optimal settings and adjustments, informed by manufacturer
specifications and best practices for TPO reduction, ensuring consistency in equipment handling (Pinto Junior &
Mendes, 2017).

Operator Training Program: Roll out an extensive training program focused on the bubble breaker's role in TPO
reduction and beer quality. Utilize AR technology for interactive learning experiences, enabling operators to gain a
hands-on understanding of the equipment's impact on the production process (Bryan & Sisson, 2006).

i) Medium-term (6-12 months):

Technology Integration: Integrate loT sensors and a centralized control dashboard for continuous monitoring and
real-time feedback on the bubble breaker's performance. This technology will facilitate immediate adjustments and
pre-emptive maintenance actions, enhancing decision-making and precision (Shehadeh et al., 2016).

Knowledge Refreshment Sessions: Implement ongoing refresher courses to maintain and update the operational
knowledge of the staff. These sessions will ensure that the workforce stays informed about best practices and any
new developments related to the equipment or production process (Found et al., 2018).

iii) Long-term (1-3 years):

Feedback Loop and Performance Monitoring: Establish a digital platform for real-time reporting of operational issues
and suggestions for improvement. This system should promote active participation from operators and support a
culture of continuous improvement, allowing for regular review cycles to evaluate feedback and celebrate
achievements (Found et al., 2018).

P-F Curve and FMECA Integration: Apply P-F Curve analysis to identify early warning signs of equipment wear or
failure, enabling timely maintenance interventions. Additionally, conduct a comprehensive FMECA to assess the
potential failure modes of the bubble breaker and prioritize maintenance tasks based on their criticality and impact
on operations (Zhang & Chu, 2010; Sherwin, 2000).

7.3)  Strategic Value of Continuous Improvement:

Integrating these recommendations into the maintenance strategy will not only address the immediate challenges
but also lay the groundwork for sustained operational excellence. Emphasizing continuous improvement and the
strategic value of data-driven decision-making will ensure that the brewery remains adaptable and responsive to
evolving production demands. By fostering a culture of innovation and learning, Budweiser Brewing Group's Magor
Brewery can enhance equipment reliability, product quality, and ultimately, operational efficiency.
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