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[bookmark: _Toc135315659]Abstract
Organisations need effective project management to accomplish their goals and successfully complete projects on schedule, within budget, and with high quality. To improve project outcomes and organisational performance, this report analyses Zimmer Biomet's present project management strategy, finds areas for improvement, and suggests workable remedies. Zimmer Biomet can guarantee on-time project delivery, cost effectiveness, stakeholder satisfaction, and continuous growth by optimising resource allocation, enhancing communication and collaboration, and utilising project metrics. The report also emphasises issues like inconsistent execution, ineffective resource use, poor communication, and limited metric usage. Through improved project management techniques, the suggested solutions and recommendations seek to address these issues and position Zimmer Biomet as a leader in the medical device sector.
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[bookmark: _Toc135315663]Introduction
Efficient project management is vital for organisations to achieve their objectives and successfully deliver projects on time, within budget, and with high quality. Zimmer Biomet (ZB), a prominent player in the medical device industry, recognises the significance of effective project management and aims to improve its project management practices. This report endeavours to analyse the existing project management approach at ZB, identify areas for improvement, and propose practical solutions to improve project outcomes and enhance organisational effectiveness.
Project management involves the application of structured methodologies, processes, and tools to plan, execute, monitor, and control projects. It encompasses various stages, from project initiation to closure, and requires effective leadership, communication, collaboration, and resource management. By implementing effective project management practices, organisations can optimise resource allocation, mitigate risks, foster stakeholder engagement, and ensure the successful completion of projects.
The objective of this report is to conduct a comprehensive analysis of ZB's current project management approach, evaluating its strengths and weaknesses. This analysis will be supported by a thorough review of relevant literature on project management concepts, methodologies, and best practices.
Furthermore, this report seeks to propose actionable solutions to address the identified challenges and improve project management at ZB. These solutions will focus on enhancing project planning, execution, monitoring, control, and closure phases. Additionally, they will aim to improve resource allocation, communication, collaboration, and the utilisation of project metrics and reporting.
The goal of these proposed improvements is to enable ZB to ensure timely project delivery, optimise costs, enhance stakeholder satisfaction, and drive organisational growth. By establishing a more robust and efficient project management framework, ZB will be better equipped to adapt to dynamic market conditions, meet customer expectations, and maintain a competitive edge in the medical device industry.


[bookmark: _Toc135315664]Problem Statement
Despite its reputable status in the industry, ZB Bridgend faces challenges in its project management practices. In 2022, with only 25% of their projects being completed against a target of over 75% per year. These challenges, if left unaddressed, can hinder the company's ability to effectively deliver projects and achieve desired outcomes. One of the common challenges faced by ZB in project management include inconsistencies in project execution, resulting in variations in project quality and performance. This can lead to delays in project delivery, causing potential setbacks and missed opportunities for the organisation.
Another significant challenge lies in inefficient resource allocation, where resources may not be optimally utilised across different projects. This can result in wasted time, effort, and financial resources, impacting the overall profitability of projects. In addition, ZB may encounter issues related to communication and collaboration, where effective information sharing and coordination between project team members and stakeholders may be lacking. This can lead to misunderstandings, rework, and delays in decision-making, further impacting project timelines.
Furthermore, ZB's limited use of project metrics and reporting poses a challenge in terms of monitoring and controlling project progress. Without robust metrics and reporting mechanisms, it becomes difficult for the organisation to have clear visibility into project performance, identify potential risks, and make informed decisions. This can hinder the company's ability to proactively address issues and ensure project success.


[bookmark: _Toc135315665]Aims and Objectives
· Explore relevant literature on project management concepts, methodologies, and best practices.
· Conduct a comprehensive analysis of the current project management approach.
· Identify strengths and weaknesses in the project management processes.
· Propose actionable solutions to address the identified challenges and improve project management.
· Enhance project planning, execution, monitoring, control, and closure phases.
· Improve resource allocation, communication, collaboration, and use of project metrics and reporting.
· Ensure timely delivery of projects, cost efficiency, and stakeholder satisfaction.
· Contribute to the overall success and growth through enhanced project management practices.


[bookmark: _Toc135315666]Timing Plan
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[bookmark: _Toc135315667]Literature Review - Project Management 
[bookmark: _Toc135315668]What is a Project?
A project is a short-term endeavour with a predetermined start and end date to accomplish a particular goal or objective (Project Management Institute, 2017). According to (Tuman, 1983), a project is a group of individuals working towards a common goal or objective. Usually, projects are characterised by their significant scale, excessive cost, unique nature, or high level of risk, and must be completed within a specified timeframe, budget, and performance standard. At the very least, all projects must have clearly defined objectives and adequate resources to successfully accomplish all necessary tasks
Projects include the construction of buildings, the implementation of software systems, and the introduction of new product lines. Unique and complex projects need a committed team and resources to manage and complete. Planning, organising, and controlling resources to achieve project goals while balancing constraints like time, cost, and scope are all part of the project management process (Kerzner, 2013). High-quality projects that satisfy the needs of stakeholders must be delivered with effective project management. 
[bookmark: _Toc135315669]What is Project Management?
Project management involves using predetermined principles, practises, and policies to direct a project from conception through to completion. These best practises are used in project management to make sure that a project is finished in a way that fulfils all stated outcomes, from spending constraints to end-goal objectives.
Each project component must go through phases of initiation, planning, and execution before an outcome is realised. The project management lifecycle is this procedure, and it is what makes projects successful. Additionally, this cycle enables project managers to carefully plan each task and activity to maximise success chances (Project Management Institute, 2023). 
[bookmark: _Toc135315670]How Project Management Changes 
While projects in general share similarities in terms of their objectives of organising, planning, and controlling resources to achieve specific goals within a defined timeline, there are significant differences depending on what the project encompasses. For example, (Kerzner, 2013) exhibits how, Engineering Project Management primarily focuses on structural building design and construction, as well as the development of new products or technologies. However, an engineering project is not only limited to this, but engineering projects can also be utilised for process improvement by integrating new equipment or technology into existing processes.
Some projects have a high level of technical complexity, requiring specialised knowledge and technical expertise, making the project more focused on technical planning, design, and implementation than traditional project management, making it necessary to ensure that the project meets the required technical and regulatory standards (Turner & Muller, 2017). For example, fields that requires this type of project management would be industries that are particularly stringent on risk, quality, and regulations. 
Due to the potential risks to safety and the environment, such projects are known to carry more risk compared to other project types. Consequently, successful project management requires effective risk management and mitigation strategies when the regulations are strict, and the consequences impact the wellbeing of others. It is essential that the project team has the technical knowledge and expertise to identify, assess, and manage project risks efficiently. Risk management is a critical aspect of the project management process, especially where safety and environmental impacts need to be carefully considered and addressed (Bansal, 2007).
[bookmark: _Toc135315671]Project Management Institute - Five Phases of Project Management
An international organisation for project managers based in Pennsylvania, USA, is the Project Management Institute (PMI). The Project Management Professional (PMP) certification is one of the most well-known project management credentials in the world. PMI, which was founded in 1969, offers a variety of tools and certifications for project managers. Through lobbying, instruction, and research, PMI aims to advance the project management profession. The Project Management Body of Knowledge (PMBOK), which was created by PMI acts as a standard for the industry and is a reference for best practises in project management.
A project is said to have five phases Figure 2, according to the Project Management Institute: initiation, planning, execution, monitoring and control, and closure. Project managers can use these stages as a framework for project management and as a list of specific actions to take to ensure the achievement of their projects.

[bookmark: _Ref135034436][bookmark: _Toc135310973]Figure 2 - 5 Phases of Project Management
[bookmark: _Toc135315672]Initiation
The first stage of the project management process is initiation. During this phase, the project is specified, and its feasibility is reviewed. A project plan is created once the project's goals, boundaries, and restrictions are determined. Also, the stakeholders are named, and their expectations are outlined. The Project Management Institute (PMI) states that the success of a project depends on its initiation since it establishes its framework and ensures that all stakeholders are aware of its objectives (Project Management Institute, 2017).
[bookmark: _Toc135315673]Planning
The second stage of the project management process is planning. A thorough project plan, complete with tasks, deadlines, costs, resources, and risks, is created at this phase. The project team is formed, and their tasks are assigned. All participants involved in the project assess and approve the project plan. Planning is essential because it ensures that the undertaking concludes on time, within budget, and to the required quality standards (Project Management Institute, 2017).
[bookmark: _Toc135315674]Execution
The third stage of the project management process is execution. The project plan is implemented during this stage. The tasks listed in the plan are carried out by the project team, and progress is tracked against the plan. The project manager is responsible for managing the team, ensuring that the project stays on schedule, and making sure that it satisfies all the stakeholders' needs. According to the PMI, Execution is crucial since it is where the project's actual work is done, and project managers are responsible for ensuring that the project stays on schedule (Project Management Institute, 2017).
[bookmark: _Toc135315675]Monitoring & Control
The fourth stage of the project management process is monitoring and control. Progress is checked against the plan during this phase, and any deviations are found and fixed. Risks, adjustments, and ensuring that the project is still feasible and will satisfy stakeholders' expectations are all things that the project manager must manage. The PMI asserts that monitoring and control are essential because they enable project managers to keep track of the project and make sure it stays on course (Project Management Institute, 2017).
[bookmark: _Toc135315676]Closure
The project management process ends with closure. The project team provides the finished project to the stakeholders during this phase, which marks the completion of the project. The project is assessed, and the lessons learned are recorded. The project is finished, and the project team is broken up. Closure is crucial for project managers, according to the PMI, since it enables them to properly close out the project, make sure that all stakeholders are satisfied, and record the lessons learned (Project Management Institute, 2017).
[bookmark: _Toc135315677]Project Management Methodologies – Agile Vs Waterfall
There are numerous project management approaches that are used to ensure that project goals are met on time, within budget, and with high quality. Popular project methodologies include Agile, Waterfall, Scrum, Lean, and PRINCE2. These methodologies have their differences and choosing the right one depends on factors such as project requirements, team size and composition, and stakeholder expectations. The two most widely used project management methodologies are Waterfall and Agile. While Waterfall is a traditional and sequential approach, Agile is a more flexible and iterative approach. This literature review aims to compare the two approaches and provide insights into the advantages and disadvantages of each methodology.
[bookmark: _Toc135315678]Agile 
Agile project management is a flexible, iterative process with the goal of providing value to customers through continuous delivery and constant adjustment to shifting conditions. It started in the software development sector, but since then, it has expanded to other sectors like manufacturing, healthcare, and education (Sutherland & Schwaber, 2011).  The ideals of the methodology are outlined in The Agile Manifesto, which was written in 2001 by a group of software developers. It places an emphasis on the value of collaboration, flexibility, and client satisfaction (Agile Alliance, 2023).
[image: ]Agile project management is built on the iterative creation of small functional units, known as user stories, which are created and delivered over brief periods of time known as sprints Figure 3. Agile methodology places a strong emphasis on flexibility, emphasising the delivery of the most crucial features first and being willing to adjust requirements and objectives as necessary (Cohn, 2006). The methodology promotes the active involvement of customers and stakeholders throughout the project and places a higher value on project outcomes and customer satisfaction than extensive documentation and processes (Highsmith, 2001).[bookmark: _Ref135034826][bookmark: _Toc135310974]Figure 3 - Agile Framework

Agile project management relies heavily on self-organising and cross-functional teams, which are empowered to make decisions and take ownership of the project. The team works together to define the project scope, develop user stories, and estimate the effort required to complete each story (Schwaber, 2004). The team also holds regular meetings, such as daily stand-up meetings and sprint retrospectives, to ensure that everyone is aligned, and the project is on track.


Several frameworks have been developed to support Agile project management, including Scrum, Kanban, and Lean. Scrum is the most widely used framework, and it involves dividing the project into sprints, daily stand-up meetings, and frequent reviews to ensure that the team is aligned and delivering value (Sutherland & Schwaber, 2011). Kanban, on the other hand, is a visual management tool that helps teams manage their work and workflow. It emphasises the importance of limiting work in progress and continuously improving the process (Anderson, 2010). Lean is a framework that focuses on eliminating waste and maximising value, and it can be applied to both manufacturing and service industries (Poppendieck, 2003).
Overall, Agile methodology has been praised for its ability to adapt to changing circumstances and deliver value to customers quickly and efficiently. However, it has also been criticised for its lack of emphasis on documentation and its reliance on self-organising teams, which can lead to issues with communication and coordination (Larman & Basili, 2003). Nonetheless, the methodology continues to gain popularity in industries beyond software development and has shown promising results in terms of customer satisfaction and project success rates (Boehm & Turner, 2005).
[bookmark: _Toc135315679]Waterfall
The waterfall methodology is a linear and sequential approach to project management that is often used in software development, engineering, and construction. It is called "waterfall" because each phase of the project flows sequentially into the next phase, like a waterfall Figure 4. The phases include requirements gathering, design, implementation, testing, and maintenance (Royce, 1970).
The waterfall methodology is often used when the project requirements are well-defined, and the scope is stable. It emphasises thorough planning, documentation, and a structured approach to development. Each phase of the project must be completed before moving on to the next, which can help ensure that the project stays on track and on budget (Boehm, 1988).


[image: ]One of the advantages of the waterfall methodology is that it provides a clear structure for the project, which can make it easier to manage and monitor progress. It also emphasises documentation, which can help ensure that the project meets its requirements and can be maintained over time. Additionally, the waterfall methodology is well-suited to projects with a stable scope, where the requirements are unlikely to change significantly over the course of the project (Kendall & Kendall, 2006).[bookmark: _Ref135038018][bookmark: _Toc135310975]Figure 4 - Waterfall Framework

However, the waterfall methodology has been criticised for being inflexible and slow to adapt to changing requirements. Because each phase of the project must be completed before moving on to the next, there is little opportunity to adjust the project based on new information or feedback. Additionally, the waterfall methodology can be less efficient than other methodologies, as the project team must wait for each phase to be completed before beginning the next phase (Gillenson & Hwang, 1995).
Despite these criticisms, the waterfall methodology remains popular in many industries, particularly in construction and engineering. It provides a structured and well-documented approach to project management, which can be beneficial in projects with stable requirements. However, it may not be well-suited to projects with changing requirements or where flexibility is important (Royce, 1970).
Table 2 - Waterfall Vs Agile Comparison shows the differences between the two methodologies.


[bookmark: _Ref135035062][bookmark: _Toc135254575]Table 2 - Waterfall Vs Agile Comparison
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The review demonstrates that both Agile and Waterfall approaches offer advantages, but it is important to understand the scenarios in which they can fail. according to (Kettunen, et al., 2017). Agile may face issues such as inadequate documentation, trouble predicting project schedule and expenditures, and restricted visibility for stakeholders. Agile's emphasis on working software over detailed documentation might cause issues in highly regulated or structured industries (Kettunen, et al., 2017). Agile's iterative nature can make it difficult to precisely predict project schedules and costs, leading to uncertainty for stakeholders (Müller & Händel, 2020). Furthermore, because Agile is dynamic and fluid, stakeholders outside the project team may have less visibility and comprehension of project progress (Conforto, et al., 2014). In a study of Agile adoption in the healthcare sector, researchers discovered that the organisation struggled to adapt to the culture change required for Agile to be successful. The study discovered that the organisation's culture was hierarchical and bureaucratic, making it difficult for the Agile method to be completely accepted (El Amrani, et al., 2018).
Waterfall, on the other hand, has limitations such as a lack of flexibility, decreased customer interaction, and a larger likelihood of late-stage failures. Its sequential and rigid character makes accommodating changes or adapting to growing project needs difficult, potentially resulting in delays or rework (Turner & Muller, 2017). Reduced customer involvement in Waterfall after the initial requirements gathering phase might lead to a mismatch between the end product and customer expectations (Kerzner, 2013). Furthermore, the linear approach of Waterfall increases the risk of discovering critical issues or defects late in the project lifecycle, making resolution more difficult and costly (Babu, et al., 2012).
Hybrid techniques that combine parts of Agile and Waterfall have gained popularity in response to the demand for flexibility and adaptation. Researchers proposed "Wagile" models and explored the concept of "Agile-Waterfall hybridisation" ( (Bannerman, et al., 2018) (Serrador & Pinto, 2018). By customising the hybrid approach to project characteristics and restrictions, these techniques strive to utilise the strengths of both methodologies while limiting their constraints.
According to the literature, in the manufacturing industry, a hybrid Agile-Waterfall strategy can achieve a balance of adaptability and structure. Organisations can profit from the combined advantages of both approaches by selectively applying Agile concepts to specific project phases, while utilising Waterfall for more stable parts. In conclusion, both Agile and Waterfall approaches have advantages and disadvantages, and they may not be universally applicable. In the manufacturing industry, organisations can consider adopting a hybrid strategy by customising it to project-specific requirements, stakeholder demands, and organisational context.


[bookmark: _Toc135315681]Zimmer Biomet Project Management Structure
[bookmark: _Hlk132722388]This section provides an overview of the project management structure at ZB, specifically for Bridgend projects. The guidelines for these projects are set out in procedure UKP038 Operation Project Planning Procedure (Zimmer Biomet, 2021), which aims to provide a process for developing and executing Operation Project Plans (OPP) for large projects and A3’s for small projects. The procedure is designed to guide significant changes to the site facilities, manufacturing processes, inspection processes, or Quality System.
The medical device industry is subject to various quality, environmental, and safety regulations, which must be carefully considered and complied with during the project management process.  Complying with quality regulations requires a rigorous quality management system, which includes documentation, traceability, and risk management. This can add complexity and time to a project, but it is essential for ensuring the safety and effectiveness of the final product (Rajan, 2004). The project team, therefore, requires a deep understanding of these regulations and their impact on the project. It is also the responsibility of the team to navigate the regulatory landscape and ensure that the project adheres to all applicable regulations.
The project team for Bridgend projects consists of 8 members, including an Operations Project Manager who manages the team, looks at future projects, and manages the capital budget. The Project Management Office (PMO) is responsible for defining and maintaining project standards, documenting project status and strategy, and reporting and updating the senior management team. Project Engineers are responsible for all aspects of the project from feasibility to close out.
Each project must adhere to the procedure outlined in UKP038, which is structured similarly to the waterfall methodology's framework with its linear approach and Project Management Institute (PMI), but is divided into four phases: feasibility, planning, execution, and closure Figure 5. 


[bookmark: _Ref135035218][bookmark: _Toc135310976]Figure 5 - ZB UKP038 - Project Phases

[bookmark: _Toc135315682]Feasibility Phase
[bookmark: _Hlk133398866]The Feasibility Phase is the first phase of the project management process at ZB. During this phase, project charters A and B are completed. The Project Charter evaluates the benefits of the project against the effort required to complete it. This process involves analysing the potential gains that the project could bring, compared to the time, cost, and resources needed to complete it. By evaluating the benefits versus effort, the Project Charter helps to ensure that the project aligns with the organisation's strategic goals and objectives, and that it is feasible to complete within the available resources. The Project Charter is an essential document that provides a clear and concise description of the project's objectives, scope, and deliverables, as well as the roles and responsibilities of the project team.
[bookmark: _Toc135315683]Project Charter Part A – Benefits Vs Effort 
Benefits
· Business Continuity - Does the project include any equipment / processes that will be unique to this site? Are there alternatives on site, within ZB or our existing suppliers?
· Quality/Compliance Risk Mitigation - Is this project linked to a current IE, CAPA? What is the potential impact of the project on quality and compliance risk?
· Cost Reduction - Is the project going to see any cost reductions?
· Strategic Significance - Does the project fit the site strategic plan / objectives?  Is it a significant standalone project or does it form part of a programme of works?
· Capacity Uplift - Is the project going to produce capacity uplift? What is the existing and forecasted data?
Effort
· Project Duration - What will the project duration be?
· Resource Requirements - What resources are required for the project? Will it require a small local team, full team engagement going across departments and / or sites?
· Technical Difficulty - Do we have in depth knowledge / experience on site or within ZB or is our knowledge limited or do we have no experience? 
· Production Interruption - How much interruption will the project have on production?
· Total Investment - What will the required total investment be for the project, include OPEX and CAPEX detail.
After completing and approving project charter A, a decision will be made regarding the need for an Operation Project Plan (OPP) or an A3 project. The determination depends on whether the project affects a medical device or medical device manufacturing process and requires a regulatory assessment. An A3 project is suitable for smaller projects and entails reporting the problem statement, background, current conditions, root cause analysis, proposed countermeasures, implementation plan, and follow-up actions. Conversely, an OPP is intended for more significant projects that impact regulatory requirements.
[bookmark: _Toc135315684]Project Charter Part B 
· Business Case - The reasons for project being completed and where it fits into the site strategy.
· Scope - The specific project deliverables and features. Detail what needs to be achieved to complete the project.
· Goals and Objectives - What the projects goals and objectives are.
· Risks - Identify all the risks that may affect the completion of the project.
· Milestones – Identify the key milestones of the project.
· Roles and Responsibilities – Identify the roles that will be required to complete the project and the responsibilities that they will have during the project.
· Resource Needs – Estimate how many days required per function and what resources are required to complete the project by function.
· Budget – what is the estimated budget required, including CAPEX and OPEX detail.
· Communication plan - Define the frequency of project reviews during the project and the stakeholders required.
· Steering Committee – Identify members that will provide support, guidance, and oversight of progress.
[bookmark: _Toc135315685]Planning Phase
UKP038 requires an Operation Project Plan (OPP) to be completed during the planning phase. Part 1 of the plan includes a comprehensive list of items and actions that will occur, along with relevant details for out-of-scope conditions. It also establishes the method for executing the OPP, identifies high-level project milestones, and outlines the team members required to support the project. A communication plan is also included, with regular project status meetings scheduled. If the project impacts medical devices or the medical device manufacturing process, a Regulatory Impact Assessment is required, and any related regulatory activities must be included in the project plan.
[bookmark: _Toc135315686]Execution Phase
UKP038 states that the execution phase of the project involves the management and direction of the project according to the established project plan and milestones. The Project Lead is responsible for acquiring resources and managing the workload and must provide monthly project status updates during project review meetings with the Project Management Office (PMO) and Senior Leadership Team (SLT). Additionally, the project leader must write any required process or machine validations, which must be approved by the validation department. This phase also includes the conduct of studies such as biocompatibility studies or product testing.
[bookmark: _Toc135315687]Closure Phase
After all the activities and milestones defined in the project plan have been completed and the project meets the criteria of the project scope, the project can move into the closure phase. During this phase, the team will prepare OPP Part 2 and 3, which includes a handover plan and lessons learned. The handover plan outlines the process for transitioning the project deliverables to the customer or relevant stakeholders, and the lessons learned document captures the successes and areas for improvement from the project.
Once these documents are prepared and reviewed, all project resources are released from their project responsibilities. If the project completion satisfies all stakeholders, OPP parts 1 and 2 can be approved, and the project can be closed. However, if any issues or concerns arise during the project review, further actions may be required before the project can be officially closed.
[bookmark: _Toc135315688]Project Metrics & Reporting
[bookmark: _Toc135315689]Project Status Report
Every project is monitored using a project status report (see appendix 19.1), which provides an overview of the project's progress and performance against its objectives and key metrics. The report includes information on project milestones, tasks, budgets, risks, and issues, and is used to track progress, identify trends, and make informed decisions about the project's direction and goals.
[bookmark: _Toc135315690]Milestone Adherence 
The progress of each project is measured by tracking key milestones and individual tasks within the project, which are defined using the Gantt chart. The chart allows the project engineer to see the overall timeline of the project and the various tasks that need to be completed.
To determine the project's performance, the percentage of tasks completed versus the total number of outstanding tasks is calculated. This helps to assess whether the project is on track to meet its goals and deadlines. If any tasks are overdue or being pushed out, project engineers will escalate the issue and discuss options for getting back on track.
[bookmark: _Toc135315691]Budget
Budget is monitored by tracking actual expenditures against the planned budget. This involves regularly reviewing purchase orders and expenses, as well as comparing actual costs to the budgeted costs. By monitoring budget in this way, project engineer can identify any variances or deviations from the planned budget and take corrective action as needed to keep the budget on track. In addition, regular budget status reports are shared with stakeholders to ensure transparency and accountability throughout the project.
[bookmark: _Toc135315692]Project Status Meetings
To ensure efficient and effective completion of projects, regular status update meetings are held by the Project Management Office (PMO) with team members, and senior management, Project progress data is compiled on a generic status reporting template and reviewed during the meetings. The progress of key milestones and individual tasks is examined. Any overdue or delayed tasks are escalated, and options for getting back on track are discussed. General discussions are held about task completion and unresolved issues, as well as any issues that may impact task completion or progress, such as annual leave, production issues, or resource constraints.
During the meetings, potential risks are assessed and collaborate to eliminate them, while exploring opportunities to reduce the project's timeline or identify potential future opportunities. By closely monitoring project progress and addressing any issues that arise can ensure that the project stays on track and meets its goals while minimising the risk of delays or budget overruns. 
[bookmark: _Toc135315693]Project Management Office (PMO)
The PMO is responsible for providing centralised oversight and support for project management activities within an organisation. This includes a variety of functions, such as developing and enforcing project management standards and methodologies and facilitating communication and collaboration between teams.
In terms of risk management, the PMO is responsible for developing and maintaining a risk management framework that enables the project engineer to identify, assess, and mitigate risks throughout the project lifecycle. By conducting risk assessments, and monitoring risks on an ongoing basis.
The PMO is also responsible for maintaining centralised information on active and closed projects within the organisation. This enables stakeholders to monitor project progress and outcomes, track resource allocation and budget utilisation, and identify opportunities for collaboration and resource sharing across projects.
[bookmark: _Toc135315694]Post Project - Lessons Learned
The PMO and project engineer are responsible for capturing and distributing lessons learned from past projects, to facilitate continuous improvement and knowledge sharing across the organisation. This involves developing and maintaining a lesson learned register, facilitating post-project reviews, and providing guidance and support to project teams on how to apply lessons learned to future projects.


[bookmark: _Toc135315695]Water System - Project Background
[bookmark: _Toc135315696]Biomet & Zimmer Merger
In 2015 Biomet and Zimmer merged to become the new company, Zimmer Biomet Holdings Inc, the second-largest orthopaedic device manufacturing company in the world. The merger was a huge milestone combination that brought together two major companies with a mission to lead the industry in delivering value to healthcare providers, their patients, and shareholders. Following the merger, the Bridgend site experienced a significant surge in demand. This was attributed to the doubling of sales representatives from Zimmer and Biomet's product portfolios, coupled with Bridgend's reputation for manufacturing the highly sought-after Taperloc stem, which remains one of the most acclaimed hip replacements in the industry.
[bookmark: _Toc135315697]Total Hip Replacement Manufacturing Process
A damaged hip joint is replaced surgically with an artificial joint in a procedure known as a total hip replacement Figure 6. Four crucial parts make up the Taperloc hip replacement, and they all work together to give the hip joint stability and mobility. The stem is the first component, and it is inserted into the femur or thigh bone to provide a secure anchor for the artificial joint. The second component is the shell or hip cup, which is inserted into the pelvic bone's hip socket. The stem and shell are both constructed from durable titanium. The third component is the ceramic ball, which fits onto the end of the stem. The liner, fourth component, which is made of polyethylene and is inserted into the hip cup to provide additional cushioning and support (Ugo Ihekweazu, MD, FAAOS, 2023).
[bookmark: _Ref135319581]Figure 6 – Total Hip Replacement Taperloc
[image: ]
The titanium hip and shell are manufactured in several stages, including machining, polishing with polishing compounds, grit blasting, and porous coating with titanium powder. These stages, expose the parts to a variety of contaminants, necessitating a thorough cleaning process that includes in-process and final cleaning, as well as biological upgrade washing, to remove any manufacturing residues.
Furthermore, all clean line washes must use purified water to ensure that the manufactured components are clean. This adherence to cleaning protocols is critical in ensuring the safety and effectiveness of the titanium hip and shell components used in total hip replacement surgeries.
[bookmark: _Toc135315698]Water Quality Within the Medical Device Industry
The most frequently used raw material in the medical device industry is purified water (PW), which has a wide range of uses, including the mixing of analytical reagents, parenteral drugs, cleaning processes, and sterilisation. Ensuring the best quality or grade of water is essential to lowering patient risk depending on the manufacturing process, product need, or regulatory requirement. Poor water quality can have a significant impact on the patient, product, and process, so the purity of the water used in these processes is extremely vital.
To ensure that it is suitable for use in medical devices, purified water must meet quality standards. It is processed through a water system to remove impurities and contaminants, such as microorganisms, minerals, and chemicals. Standards for the quality level of water used in the pharmaceutical and medical device industries are set by the United States Pharmacopeia (USP) and European Pharmacopeia (EP). Water quality is critical for the safety and effectiveness of products, according to the USP (United States Pharmacopeia, 2009). The International Organization for Standardization's ISO 13485:2016 quality management system standard also specifies water quality standards that manufacturers in the medical device industry must adhere to (International Organization for Standardization, 2023).
Bacterial endotoxins are a concern in the medical device industry because they can have a wide range of negative effects on patients who are exposed to them. In addition to the risk of endotoxin exposure to patients, contaminated medical devices can cause aseptic loosening. In fact, aseptic loosening caused by endotoxins accounts for up to 8% of joint arthroplasty revisions (Lübbeke, 2013). It is characterised by the implant becoming loose from the surrounding bone, which may lead to discomfort, instability, and the need for revision surgery. Endotoxins can make this condition worse by inducing an inflammatory reaction in the tissue around them, which causes bone resorption and implant loosening (Goodman, 2007).
Medical device manufacturers must ensure efficient sterilisation and cleaning procedures to reduce the danger of aseptic loosening brought on by endotoxins. Moreover, regulatory organisations USP and EP have set standards for the management of endotoxins in medical devices. These recommendations set restrictions on the number of endotoxins that are permitted in medical devices and the water used to wash them (United States Pharmacopeia, 2009) (European Pharmacopoeia, 2021).
[bookmark: _Toc135315699]Final Clean Line Wash Demand
The end of line (EOL) finishing department is where all manufactured parts are washed and sterile packed before they are sent for gamma radiation. Prior to 2012 there was only two final clean lines one was for metal and the other plastic implants. Since 2012 a third final clean line has been installed and an additional in-process wash that is located on the manufacturing floor.  increased the total/overall demand of purified water usage to 3000 litres per hour and therefore since the installation of the new washes the current water system generation and storage systems was performing under-capacity. 
[bookmark: _Toc135315700]Project Objectives
In 2016, after a merger and a significant forecasted increase in demand, there was a requirement for a fourth final clean line wash and a replacement plastic wash, which increased the demand to 4500 litres per hour. This necessitated the installation of a new water system capable of meeting this increased demand. To achieve this, we have opted for a new and improved PWMEM system that not only meets the required demands but also offers better logistics, practicality, and lower running costs. The new system also maintains the highest levels of microbial control and provides better flexibility for our EOL wash lines Figure 7.
[image: ]
[bookmark: _Ref135039533][bookmark: _Toc135310977]Figure 7 - Water System Project Objectives


[bookmark: _Toc135315701]Water System – Reverse Osmosis Process
[bookmark: _Toc135315702]Reverse Osmosis & Water Purification
Reverse osmosis (RO) is a water treatment process that employs a semi-permeable membrane to remove contaminants and impurities from water. This process is widely used for various applications, including drinking water purification, industrial processes, and desalination.
According to (Mulder, 1996), reverse osmosis involves applying pressure to the feed water, causing it to flow through the membrane while leaving behind dissolved solids and contaminants. The RO membrane consists of a dense polymer film with extremely small pores that allow only water molecules to pass through, effectively rejecting larger particles and impurities. The process works based on the principle of osmotic pressure, where water naturally flows from an area of lower solute concentration to an area of higher solute concentration.
[bookmark: _Toc135315703]Orion Purified Water System
The water system is composed of 3 stages pre-treatment, generation and distribution which distributes purified water to the EOL processes Figure 8. 
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[bookmark: _Ref135041136][bookmark: _Toc135310978]Figure 8 - Water System Process Flow
[bookmark: _Toc30518296][bookmark: _Toc30681302]
[bookmark: _Toc135315704]Stage 1 – Pre-Treatment 
The initial stage involves pre-treatment of the town's raw water, which is achieved by passing it through a 10µm cartridge filter. This process effectively eliminates impurities, solids, and any living organisms present in the raw water. Additionally, this step guarantees that the water quality remains consistent and unaffected by seasonal changes, extreme weather conditions, or industrial pollution Figure 9 and Figure 10.
[image: ]
[bookmark: _Ref135041879][bookmark: _Toc135310979]Figure 9 - Pre-Treatment
[image: ]
[bookmark: _Ref135041880][bookmark: _Toc135310980]Figure 10 - Pre-Treatment Process


[bookmark: _Toc30518297][bookmark: _Toc30681303][bookmark: _Toc135315705]Stage 2 – Generation System 
[image: ]In the second stage of water purification, a Softener and activated carbon ion-exchange filtration process is employed Figure 11 & Figure 12. The Softener softens the water and exchanges calcium and magnesium ions with sodium ions to prevent precipitation when concentration occurs downstream in the reverse osmosis membranes. Meanwhile, the Carbon stage prevents scaling of the RO membranes and removes chlorine from the feed water. A 5µm carbon cartridge filter is positioned after to provide chlorine protection, as raw water typically contains chlorine, which can significantly harm the RO membranes. Once the water has undergone this process, it is directed to the RO feed tank.[bookmark: _Ref135044214][bookmark: _Toc135310981]Figure 11 – Generation System

[image: ]
[bookmark: _Ref135042173][bookmark: _Toc135310982]Figure 12 - Generation - Carbon Softeners Process


[image: ]The water then passes through two high pressure vessels fitted with high performance membranes which removes >99% of ions, particulates, and biological contamination from the pre-treated water. The RO membranes have a semi-permeable layer that selectively allows water molecules to pass through while blocking larger molecules and ions Figure 13. 
The ‘Permeate’ good water moves on. Reject water of the RO process is recovered and treated by a third RO membrane. The permeate/product (good water) is sent back to the RO feed water tank and is mixed with the pre-treated water going to the main RO process for second stage purification, any reject water goes to drain Figure 14. [bookmark: _Ref135042367][bookmark: _Toc135310983]Figure 13 - Semi-Permeable Membrane Flow

[image: ]
[bookmark: _Ref135300340][bookmark: _Toc135310984]Figure 14 – Generation - Reverse Osmosis Process

The remaining ions in the RO treated water is removed by the degasser and CEDI process. The degasser removes carbon dioxide and oxygen. The capacitive deionisation (CEDI) removes charged contaminates from the water using electrical driving force. The water is then passed through a 0.05µm ultra-filter to remove the remaining particulates and biological contaminants from the water. Purified water is then fed to two storage tanks Figure 15.
[image: ]
[bookmark: _Ref135044283][bookmark: _Toc135310985]Figure 15 - Generation - Degasser and CEDI Process

[bookmark: _Toc30518298][bookmark: _Toc30681304][bookmark: _Hlk133315657][bookmark: _Toc135315706]Stage 3 – Distribution System
[image: ]The PW generated is filled and stored in two 3,000 litre stainless steel storage tanks where it is continuously ozonated via an ozone generator to protect the PW from possible biological contamination. Ozone disinfects water and eliminates impurities by breaking down organic and inorganic materials. It is effective at removing microorganisms and organic matter, making it a popular water treatment method. Ozone is safe and eco-friendly, leaving no harmful by-products or residuals, the water then goes through Ultraviolet lamp to remove the ozone before it goes to the final purification process of ultra-filtration Figure 16. The 0.05µm ultra-filter removes possible presence of particulate and biological contaminants. After the final UF, the PW is supplied to the ring main outlet to the user points by using a high-pressure distribution pump Figure 17. [bookmark: _Ref135047369][bookmark: _Toc135310986]Figure 16 - Distribution System

[image: ]
[bookmark: _Ref135049992][bookmark: _Toc135310987]Figure 17 - Distribution Loop Process


[bookmark: _Toc135315707]Project Analysis
The objective of the project was to install a new improved water system to increase capacity, improve water quality, in-process monitoring and safety. Although all functional objectives were met the targeted budget and timeline were exceeded, costing £200k more and taking 12 months longer to close the project.    
	
	Objective
	Outcome

	Budget
	£600K
	£800K

	Timeline
	24 Months
	36 Months



This section's aim is to evaluate how the project for the installation of the water system went using the current project management structure and to develop a proposal for improvement moving forward and assess whether the project was successful.
[bookmark: _Toc135315708]Ishikawa Analysis
One way to evaluate the project is to use Ishikawa analysis. An Ishikawa diagram, also known as the fishbone diagram or cause-and-effect diagram, is used to help identify the root causes of problems or defects Figure 18. 
[image: ]
[bookmark: _Ref135052264][bookmark: _Toc135310988]Figure 18 - Ishikawa / Fishbone Diagram

The Ishikawa diagram, consists of six elements: 
· Manpower: the people involved in the process or project
· Machine: the equipment, tools, and technology used in the process or project
· Material: the raw materials, supplies, and resources used in the process or project
· Method: the procedures, processes, and systems used in the process or project
· Measure: the metrics, standards, and data used to evaluate the process or project
· Environment: the physical and cultural factors that influence the process or project.
These elements help to identify and analyse the various factors that can contribute to a problem or effect. The usefulness of the Ishikawa diagram in project management has been highlighted in several studies. For instance, (Salleh, et al., 2015) used the diagram to identify the causes of project delays in the construction industry, while (Ghasemzadeh, et al., 2012) used it to identify the factors that contribute to project success in the oil and gas industry. By considering each of these six elements and their potential impact on the problem or effect being analysed, project managers can identify the root causes of problems and develop effective strategies for improving project performance (Gupta & Gupta, 2015).
In this case, the Ishikawa is used to analyse each phase and the factors that contribute to delays in project completion, budget overspend, or quality issues.
[bookmark: _Toc135315709]Manpower
During the feasibility phase, a project leader was identified to oversee the initial project requirements and operations for its success. Although in UKP038 a project sponsor was not mandated, the area business leader became the sponsor due to the potential benefits for their department's future output. This was helpful as sponsors provide the necessary resources, funding, and support to ensure the project aligns with the organisation’s strategic goals. However, the failure to create a project team or assign resources resulted in several negative consequences, including project delays, missed deadlines, and poor execution of the feasibility phase.
In the planning phase, the organisation brought on board a validation and microbiologist contractor to ensure that the validation requirements and water quality were properly considered from a microbial perspective during system installation and testing. This measure helped to avert quality issues and guarantee that the system aligned with the stakeholders' requirements. Although the project manager from Veolia, the water system supplier, led the planning and installation, the absence of an internal subject matter expert on purified water systems within the organisation posed a challenge during the approval phase of the User Requirements Specification (URS) and other project documentation. The limited knowledge of the approvers caused document errors and approval delays, which eventually affected the project schedule. The lack of expertise also created doubts about the project's ability to deliver successfully, leading to additional scrutiny and questioning of the project documentation, thereby further delaying the approval process.
During the execution phase, the installation was mostly managed by Veolia, and their expertise and experience ensured that the installation ran smoothly. All installation and operational qualifications IQ and OQ were completed by them following their own protocols and reviewed and approved by ZB. 
However, during this phase, the project leader decided to leave the company. A new project leader was assigned, causing significant delays as there was only a two-week handover period. The new project leader not only had to comprehend the project’s structure but also learn to understand the water system with no previous experience of water systems or how the new system operated. Nevertheless, this established an excellent vendor relationship as the new leader had to spend considerable time with the supplier and reached out to other engineers outside of the organisation for guidance. 
During the execution phase of the project, the project leader worked to get other departments involved to ensure a successful closure and handover phase. To achieve this, quality and process engineers were trained on the system to better understand its operation and maintenance requirements. Quality engineers were involved in the performance validation phase, which included taking water samples to ensure the system was performing to specification. Meanwhile, process engineers were responsible for running sanitisations and troubleshooting any issues with the system.
However, despite the efforts to involve other departments, there was pushback from department leaders due to a lack of resources. This resulted in no clear ownership of the system once the project entered the closure phase, leading to a lack of communication between departments. As a result, there were delays during the closure and handover phase as there was no clear department to hand the system over to. The responsibility for the system lay between maintenance, facilities, and the EOL finishing department, further complicating the situation.
To overcome these issues, a RACI (Responsible, Accountable, Consulted, Informed) chart was completed. This involved all departments in discussing their roles and responsibilities for each task. The RACI chart helped to clearly establish ownership of the system, assigning specific tasks to different departments, and clarifying who was responsible, accountable, consulted, or informed for each task (see copy of RACI chart in appendix 19.5). This helped to improve communication between departments and ensured a smooth handover and closure phase for the project.
[bookmark: _Toc135315710]Machine
During the feasibility phase the new water system was based on an existing water plant using a benchmarking strategy, which helped to identify milestones, cost estimates, and risk management strategies. However, funds were required to be used before year-end, resulting in utilising funds before the completion of a critical user requirements specification document. This caused issues as the URS outlines the functional and performance requirements of the system, and without it early on, misunderstandings, delays, and rework occurred. 
Although the URS was approved in the planning phase, it was discovered that the new system would output water at a lower temperature range of 15-19°C compared to the existing system's temperature range of 60°C. The use of ozone treatment instead of heating the water in the distribution tank to prevent microbial growth resulted in the need for an external heater to be installed before the water could be fed to the washers to achieve the desired temperature range. This unforeseen requirement impacted the project's cost and caused delays due to the specific medical-grade specifications the heater had to meet. There were also some issues with clearly defining the demand requirements which impacted the pump and other requirements on the distribution causing an overall scope creep and budget increases. 
[image: ]During the execution phase, the team encountered issues with utilities. The new system required medical grade compressed air to operate the plant, and it was discovered that there was not enough to cover both the generation and distribution. This led to the need for an additional compressor Figure 19, which not only added extra cost, but its footprint was not considered during the planning phase. Raw water demand was also an issue, as the demand on-site was not sufficient, requiring an additional storage tank to be installed outside of the building to act as a buffer tank. Another issue was major malfunction occurred with the pump on the generation side, requiring replacement. Unfortunately, the pump was not highlighted as a critical spare, resulting in a six-week wait for delivery. To prevent such occurrences in the future, a comprehensive review of the critical spare list was completed with the supplier, and the maintenance system was updated. This then initiated a maintenance contract with Veolia going forward. [bookmark: _Ref135319867]Figure 19 - Compressor

[bookmark: _Toc135315711]Material
To ensure the new system met water quality specifications, materials used were considered following the ZB global specification. However, no review of lessons learned, or previous installation history was performed, which could have identified potential issues related to materials and helped to improve material quality and project success.
[image: ]During IQ and OQ there was issue with the water quality output on the distribution side which was due to the endotoxin filter breaking down caused by the ozone. This was a requirement as part of the global specification however this is not a standard requirement on an ozone generated distribution system. The filter was found to be the incorrect grade, replacing this took time as finding an alternative required thorough investigation and extensive testing to ensure it was fit for purpose Figure 20.[bookmark: _Ref135251910][bookmark: _Ref135251933][bookmark: _Toc135310989]Figure 20 - Endotoxin Filter

[bookmark: _Toc135315712]Method
The failure to complete key documents such as the project charter and feasibility study during the feasibility phase resulted in an unclear understanding of the project scope, objectives, timeline, and resource needs, leading to project failure. The absence of a feasibility study and risk management plan resulted in unexpected issues and increased costs as the project progressed.
During the planning phase, the completion of the Operation Project Plan (OPP) was a crucial step. A more detailed Gantt chart and risk assessment was required before its approval, which helped to identify potential roadblocks that were not previously identified. This analysis was essential in the planning phase as it helped uncover potential issues before they occurred, allowing the project to take necessary actions to mitigate risks and keep the project on track. By identifying roadblocks early on, the project team developed contingency plans and allocate resources accordingly.
The Performance Qualification was carried out in three phases to cover qualification and operation of the water plant under normal operating conditions. This approach was used to demonstrate system effectiveness, reproducibility, and robustness of the full integrated process. Water samples were taken weekly for six weeks from both the generation and distribution sides. However, during phase 3, the water samples showed high microbial readings, causing the validation to fail, and had to be repeated. A root cause analysis was completed, and it was identified that the sampling technique was inadequate due to the system requiring a different sampling technique. Training was provided to the team to address this issue.
[bookmark: _Toc135315713]Measure
The initial Gantt chart with no clear timeline and budget led to ambiguity and lack of clarity in the project planning process, resulting in difficulty prioritising tasks and allocating resources effectively. As problems arose it was deemed the Gantt chart was insufficient therefore a revised chart was implemented.  Additionally, the project faced unexpected costs and delays due to the lack of a clearly defined budget.
After the completion of the URS, Veolia provided a functional specification that was reviewed to ensure that the supplier could meet the customer's requirements. However, during this review, it was discovered that the estimated demand had been underestimated, resulting in alterations to the original plan. This led to scope creep, where additional requirements and features were added to the project that were not originally planned or budgeted for.
As a result of the alterations, the requirements for the water plant escalated, increasing the scope of the project, and impacting the project timeline and budget. The scope creep could have been avoided if the estimated demand had been accurately assessed during the planning phase, and if the URS had been thoroughly reviewed to identify potential issues and risks. 
[bookmark: _Toc135315714]Environment
During the feasibility and planning phase, the failure to properly address space and utility requirements led to significant impacts on the project. The lack of clear space for installation resulted in delays and increased costs during the construction and installation, as well as frustration and dissatisfaction among stakeholders. Additionally, the inability to locate the water system with an outside wall led to issues during the execution phase, as the internal walls had to be brought down to move the tanks into the plant room Figure 21.
[image: ]
[bookmark: _Ref135320351]                  Figure 21 - Purified Water Storage Tanks
During the handover phase, further issues arose due to people going into the plant room and storing items, as well as untrained individuals attempting to fix issues outside of regular hours. This impacted the cleanliness of the system, resulting in issues with water sampling results. Access was added to the plant room door and A cleaning schedule was implemented to address this.
[image: ]Furthermore, the water system required regular salt replenishing for the carbon softeners, and the bags of salt were stored outside. Due to the location of the plant room, facilities were required to carry the bags a long distance, resulting in strain on operators. To address this issue, a trolley was purchased to aid operators Figure 22. These issues highlight the importance of proper planning and consideration of environmental factors to ensure the success of a project.[bookmark: _Ref135321212]Figure 22 - Trolley for Salt Transportation



[bookmark: _Toc135315715]Return on Investment Analysis
Although the project required a substantial investment and exceeded the initial budget, it also required a significant increase in operating and running costs. To capitalise on the increased capacity made possible by the water system, a new final clean wash line was installed. In total, achieving the enhanced capacity entailed an investment of £1.35 million and led to an annual increase in operational costs amounting to £151,000.
Before the implementation of the project, the current capacity of the production was 14,000 parts per week. However, with the new system in place, the capacity increased to 21,000 parts per week, resulting in an increase of 7,000 parts per week.
Considering the fixed cost per part of £113, which encompasses expenses such as utility costs, insurance, material and labour, and the sale price of £130 per part, the profit per part amounts to £17. 
Therefore, with the increased capacity of 7,000 parts per week, the additional profit generated can be calculated by multiplying the profit per part by the increase in the number of parts:
Additional profit per week = 7,000 parts/week × £17/part = £119,000
Consequently, the annual additional profit can be determined by multiplying the weekly additional profit by 52 weeks:
Annual additional profit = £119,000 × 52 weeks = £6,188,000
It's important to note that while the increased capacity brings about additional profit, there is also an increase in annual operational costs amounting to £151,000.
Based on these figures, it only took approximately 2.68 months to break even and recover the initial investment through the additional profit generated.
[bookmark: _Toc135315716]Quality and Scrap Improvements Analysis
The implementation of the new water system, despite its initial installation cost and ongoing operational expenses, has proven to be a worthwhile investment. In contrast to the previous water system that lacked alarms, the new system not only alerts users when water quality deviates from specified parameters but also prevents the distribution of out-of-specification water to user points. This improved monitoring and control has significantly mitigated the risks associated with compromised water quality.
The limitations of the previous water system are evident in the fact that it did not possess any alarms to indicate the use of water that was out of specification. This lack of monitoring and early warning resulted in 17 instances between 2018 and 2020 where the water quality fell outside acceptable limits. Consequently, the use of such substandard water in the wash systems led to the production of potentially contaminated products, necessitating costly scrap and rework procedures. The financial impact of these incidents amounted to approximately £510K in terms of scrap and rework expenses.
Since transitioning to the new water system, the organisation has experienced a considerable improvement. The implementation of alarms and preventative measures has ensured that zero instances of out-of-specification water has reached user points. This positive outcome reflects the effectiveness of the new system in maintaining water quality within acceptable limits, ultimately safeguarding the integrity of the product, and eliminating the associated costs and risks.
[bookmark: _Toc135315717]Sustainability Improvements Analysis
Installation of the new water system not only addressed operational requirements but also considered its environmental impact, leading to greener improvements. These enhancements include the incorporation of a Recycle Mode and the optimisation of pump efficiency, resulting in significant energy and water savings.
The Recycle Mode feature of the new system demonstrates a conscious effort to minimise waste and reduce electrical consumption. When the Distribution System reaches full capacity with no demand for water, the system automatically switches from Process Mode to Recycle Mode. In this mode, the RO Feed Pump is adjusted to produce a lower output, effectively reducing electrical usage. Moreover, the Concentrate/Reject water, which was previously discharged to drain, is now fully recirculated back to the multi-purpose tank. The sustainable approach not only eliminates water waste but also contributes to substantial utility savings.
The integration of a variable speed drive controlled by the system PLC in the RO Feed Pump significantly enhances its efficiency. The pump's frequency is regulated by the PLC to achieve a pre-set flow rate or pressure, depending on the system's operational mode. With frequency control, the pump continuously adjusts its performance to match the current requirements, thereby minimising energy consumption and the need for frequent start-ups and shutdowns. The control mechanism ensures that the pump operates optimally while conserving energy.
The impact of these greener improvements is evident in the significant energy and water savings achieved since the system's installation. On average, the organisation has reduced energy consumption by approximately 85-90 kWh per day, resulting in a total saving of over 31,300 kWh annually. This translates to a cost saving of £5K. Additionally, water consumption has been reduced by an average of 21-23m² per day, amounting to a total water saving of over 8,000m² annually, with a cost-saving of £11K.
By considering the environmental impact and implementing greener improvements, the organisation not only benefits financially but also demonstrates its commitment to sustainable practices. These energy and water savings not only reduce operating costs but also contribute to the overall reduction of carbon footprint and environmental impact.
[bookmark: _Toc135315718]Safety Improvements Analysis
The new water system and all equipment associated is CE marked which indicates that a product has been assessed by the manufacturer and deemed to meet EU safety, health, and environmental protection requirements (Your Europe, 2023). The system has also been installed in accordance with ISO 45001:2018 Occupational Health and Safety Management which is designed to prevent work-related injury and ill-health and to provide safe and healthy workplaces (International Organization for Standardization , 2018) and introduces significant safety considerations compared to the old system.
Several measures have been put in place to enhance safety within the plant room. For example, A bund and drainage system is installed to effectively channel water in case of a loss of containment. Level sensors are used to prevent water from reaching neighbouring equipment. Bursting disks are employed to release excessive pressure and avoid equipment failure. Chemical storage cupboards are implemented to prevent chemical reactions and spills. Restricted access is enforced to limit unauthorised entry. Lagging is applied to protect against high temperatures. Clear signage provides visual warnings to raise awareness of potential hazards. Lastly, emergency stop buttons are strategically placed to promptly halt operations during emergencies.
Since the installation of the new water system in 2020, there have been zero recorded safety incidents, highlighting the effectiveness of the safety measures implemented and their compliance with UK safety standards. These safety enhancements demonstrate a commitment to providing a safe working environment while mitigating potential risks associated with the water system.
[bookmark: _Toc135315719]Project Analysis Conclusion 
In conclusion, the comprehensive analysis highlights the importance of taking a holistic and generic approach that goes beyond measuring task adherence, budget, and timeline when evaluating a project. By considering all factors, the organisation can enhance project efficiency, achieve objectives within resource constraints, and deliver high-quality outcomes while promoting sustainable practices. This approach involves identifying and addressing issues, learning from the evaluation process, and aligning efforts with strategic goals to establish a solid foundation for successful project execution. Additionally, evaluating improvements in key areas such as investments, quality, safety, and sustainability empowers the organisation to assess the project's overall impact and make well-informed decisions for future projects. By doing so, the organisation can ensure a path that aligns with their long-term strategic objectives and embraces a more comprehensive understanding of project evaluation.






[bookmark: _Hlk135067612][bookmark: _Toc135315720]Project Management Analysis Workshop
The engineering project team held a workshop to identify issues and potential improvements to improve project completion rates. The team is facing a significant challenge, with only 25% of their projects being completed against a target of over 75% per year. The objective of the workshop was to identify strengths, brainstorm and evaluate the root causes of missed project deadlines, and suggest potential actions to improve completion rates. 
[image: ]
[bookmark: _Toc135315721]Workshop Team
The workshop team was selected for various reasons. Firstly, each team member possessed unique skills and knowledge that were essential for the success of the workshop. Additionally, the team consisted of individuals with a diverse range of experience levels, providing a mix of fresh perspectives and seasoned insights. Furthermore, each team member was assigned a specific role and responsibility that aligned with their expertise and experience, ensuring that the project ran efficiently and smoothly. The inclusion of graduate project engineers provided an opportunity for them to gain experience and develop their skills under the guidance of more experienced team members, while also offering fresh perspectives on how projects are run. Finally, the presence of a Continuous Improvement Manager as a facilitator ensured that the team used appropriate tools and techniques to optimise their work processes and outcomes, and to keep the brainstorming session focused on the right track.
[bookmark: _Toc135315722]Project Team Issues - Brainstorming & Evaluation
Meeting project deadlines is crucial to the success of any project. However, there are many factors that can cause delays, resulting in missed deadlines. The team conducted a brainstorming session to identify the reasons for missing project deadlines. Each engineer wrote their top 10 issues on post-it notes, and after reviewing them, the team grouped them into seven subgroups: 
· Workload
· Subject Matter Experts (SME)
· Project Team Execution Structure
· Ownership
· Project Scope
· Project Management Office
They went through each subgroup to understand the issues, risks, root causes, and potential solutions for an improvement proposal. These are summarised below in Table 3 - Project Team Evaluation.




[bookmark: _Ref135311340]Table 3 - Project Team Evaluation
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[bookmark: _Hlk135067646][bookmark: _Toc135315723]How Other Companies Run Projects?
To improve project management practices, it is important to examine how other companies organise and execute projects in various industries. One company known for its effective project management approach is Medtronic, a global healthcare company that develops medical devices and therapies for heart disease, diabetes, and neurological disorders (Medtronic, 2022).
[bookmark: _Toc135315724]Medtronic
[image: ]Medtronic's project management approach is characterised by a focus on patient-centred innovation, quality, and collaboration. They place a high priority on understanding patient needs and designing products that meet those needs, while also adhering to strict quality standards (Medtronic, 2022). 
Medtronic's project management structure is designed to ensure that projects are delivered on time, within budget, and with high quality standards (Medtronic, 2022). They employ several key techniques, including cross-functional teams, a stage-gate process, project management tools, and a strong focus on quality. 
Cross-functional teams: consisting of individuals from different departments and areas of expertise to work on projects (Medtronic, 2022). This approach helps ensure that all aspects of a project are considered, and potential issues are identified early on. 
Stage-gate process: for managing projects, breaking each project down into stages or phases, and evaluating progress and risks before moving to the next one (Medtronic, 2022). By using this process, Medtronic can identify and address any issues or risks early on, ensuring the project stays on track. 
Project management tools: such as project charters, project plans, and risk management plans to ensure all aspects of the project are identified, tracked, and progress is reported regularly (Medtronic, 2022). 
Quality: Medtronic places a strong emphasis on quality in their project management approach (Medtronic, 2022). They have a dedicated Quality function responsible for ensuring all projects adhere to strict quality standards, such as ISO 13485 and FDA regulations. This includes risk assessments, quality plans, and quality audits throughout the project lifecycle.
[bookmark: _Toc135315725][image: ]General Electric (GE)
Another example of a company is GE, their FastWorks methodology combines aspects of both agile and waterfall methodologies to create a hybrid approach that allows the company to manage projects efficiently while maintaining the flexibility needed to respond to changing requirements (General Electrics (GE), 2023).
Clear goals and objectives: Every project at GE start with clearly defined goals and objectives. This helps ensure that the project team is aligned on the project's purpose and understands what needs to be accomplished.
Cross-functional teams: GE uses cross-functional teams to manage projects, bringing together individuals from different departments and areas of expertise. This approach allows GE to tap into a wide range of knowledge and perspectives, ensuring that all aspects of the project are considered.
Iterative development: methodology emphasises iterative development, with small teams working in short sprints to deliver incremental progress. This approach allows the project team to respond quickly to changing requirements and adapt to new information as it becomes available.
Customer focus: approach places a strong emphasis on the customer, with customer feedback driving product development. This customer-centric approach ensures that the final product meets the needs and expectations of the target market.
Continuous improvement: The methodology also includes a continuous improvement process, with the project team reflecting on their progress at regular intervals and adjusting as needed. This helps ensure that the project stays on track and delivers the desired outcomes.
[bookmark: _Toc135315726]IBM
[image: ]An example of a company that uses risk management in projects is IBM. IBM has a well-established project management framework that includes risk management as an integral part of the process (IBM, 2023) . Here are some details about how IBM approaches risk management in projects:
Risk identification: IBM begins by identifying possible risks that might have an impact on the project. Risks pertaining to the project's scope, plan, budget, and resources are included in this. To find possible hazards, IBM employs a range of strategies, such as risk assessment workshops and brainstorming sessions.
Assessment of risks: IBM evaluates the possibility and impact of hazards after they have been recognised. IBM utilises a risk matrix to classify hazards according to their seriousness and likelihood of happening. This enables the project team to rank risks and create effective mitigation plans.
Mitigation strategies: For each risk that is identified, IBM creates a mitigation strategy. The risk can be avoided, transferred, mitigated, or accepted using one of these ways. IBM makes ensuring that mitigation plans are realistic, doable, and affordable.
Monitoring and control: Throughout the project, IBM regularly assesses risks and changes its mitigation plans as necessary. To make sure risks are adequately managed and the project is moving forward, IBM also conducts periodic evaluations.


[bookmark: _Hlk135067739][bookmark: _Hlk134973321][bookmark: _Toc135315727]Project Management Improvement Proposal
Effective project management is essential for achieving success in any organisation. However, project evaluations have identified a critical problem with project management within our organisation. This issue has impacted our ability to deliver projects on time, within budget, and to the desired quality. Therefore, this proposal aims to put forward a solution to address this issue and improve project management within the organisation. By implementing a new project management structure, we aim to enhance the efficiency and effectiveness of our projects, leading to better outcomes for our organisation and our stakeholders.
[bookmark: _Toc135315728]New Project Team Structure
The adoption of a collaborative approach through the new project structure is a significant shift in project execution. This new structure will also help in improving points highlighted in the project management workshop. The framework has been designed to optimise project management by creating a new project leader role, responsible for overseeing either one significant project or two smaller projects Figure 23. With a clear reporting line, the project sponsor retains ownership of the project, while the project engineer is responsible for executing the technical aspects.
The creation of a resource team comprising of validation, operations, quality, and process engineers ensures that every project is handled by experts in the respective fields. This specialised approach will result in efficient project delivery and reduced turnaround time, making it possible to complete projects within a shorter timeframe.
The project leader's oversight is crucial in ensuring that every aspect of the project is managed effectively. They will take charge of all project documentation, from project initiation to closeout, and ensure that every step is executed in line with the project plan. This will not only result in a well-executed project but also reduce the chances of miscommunication and rework.
[image: ]
[bookmark: _Ref135061945][bookmark: _Toc135310990]Figure 23 - Proposed Project Management Structure (see appendix 19.3)

[bookmark: _Toc135315729]Project Management Procedure (UKP038)
There are several ways in which procedure UKP038 can be improved regarding the ZB project management structure. The procedure is just high-level document that outlines the requirements of what a project entails but doesn’t give clear guidelines.
Project phases: the procedure defines each phase and what documents are required to be completed however it does not give detailed requirements for each phase. For example, there is no guideline on validation requirements, this could be improved by adding a checklist for each phase to ensure that all specific requirements and tasks associated with that phase have been considered/completed. Also adopted a Stage-gate process like Medtronic by evaluating progress and risks before moving to the next phase.
Clearer definition of roles and responsibilities: While the procedure outlines the roles and responsibilities of different members of the project team, there could be more clarity on specific duties and decision-making authority. This could be achieved by defining and communicating specific expectations for each role and ensuring that everyone involved understands their responsibilities.
Improved communication: The procedure emphasises the importance of communication but could provide more details on how communication will take place, what channels will be used, and what information will be shared. This could be achieved by establishing a communication plan that clearly outlines how and when information will be communicated to stakeholders.
Greater emphasis on risk management: Although the procedure mentions risk identification, there could be more emphasis on how risks will be managed throughout the project lifecycle. This could be achieved by following a similar framework to IBM, including a dedicated risk management plan that identifies potential risks, assesses their impact, and outlines mitigation strategies.
Project sponsor & Increased stakeholder involvement: The procedure could be improved by ensuring each project has an assigned project sponsor and involving stakeholders more actively throughout the project lifecycle. This could be achieved by conducting regular stakeholder meetings and ensuring that stakeholders are informed of project progress and any changes that may affect them.
More rigorous monitoring and evaluation: The procedure could be strengthened by including more rigorous monitoring and evaluation mechanisms to ensure that the project is on track and that progress is being made towards achieving project goals. This could be achieved by setting up regular checkpoints and reviews and establishing clear metrics for evaluating project performance
[bookmark: _Toc135315730] Implementation of New Project Management Methodology
Like GE, a hybrid methodology that combines the benefits of Agile and Waterfall approaches is gaining popularity since it enables a flexible and iterative approach to project management while still upholding the structure and discipline of Waterfall. According to (Cohn, 2006) the hybrid approach uses Agile technique for delivery and detailed planning while employing Waterfall method for high-level planning and scope defining. This strategy may lead to better teamwork, quicker delivery times, and greater customer satisfaction. 
Therefore, it is recommended to introduce a hybrid Agile and Waterfall approach to the project team. Moreover, breaking down the project phases into smaller, more manageable components can help to achieve better outcomes. The following strategies can be employed to implement these recommendations.
[bookmark: _Toc135315731]Process Flow Guideline Improvements
[image: ]To improve the process flow detailed within procedure UKP038 and provide a more concise and comprehensive guideline for each phase, key improvements have been highlighted in pink Figure 23. The improved flow diagram not only outlines the various phases but also clearly defines the tasks involved at each stage. This structured framework will assist in effectively managing projects moving forward, starting from the initial charter and feasibility study, all the way through to the final closure and lessons learned. By following the improved guideline, all necessary steps and considerations will be diligently addressed throughout the entire project lifecycle, ensuring successful project outcomes.[bookmark: _Ref135252040][bookmark: _Toc135310991]Figure 24 - UKP038 Process Flow Guideline (see appendix 19.3) 

[bookmark: _Toc135315732]Initiation Phase
The Project Charter A planning and documentation stages can initially be completed using the Waterfall method since it offers a planned and methodical approach to planning and documentation, ensuring that all important project components are rigorously evaluated and documented. This lays the groundwork for the project's later phases. This detects prospective requirements for the scope, schedule, and budget by introducing a new change control assessment. It also prevents cost overruns and delays. Additionally, it establishes a change management procedure with clear roles, standards, and a change control board. By lowering risks and issues, this promotes effective and efficient change management.
[bookmark: _Toc135315733]Preliminary GMP
Introducing a preliminary GMP (Good Manufacturing Practice) Quality Assurance and regulatory assessment in the project initiation phase is important because it helps to identify and address any potential regulatory or compliance issues early in the project. By conducting this assessment, the project team can identify any regulatory requirements that must be met and any potential compliance risks that may need to be mitigated. It will help to prevent costly delays and ensure that the project meets all necessary requirements and regulations. It also helps to establish a clear understanding of the regulatory landscape and any potential challenges that may need to be addressed throughout the project.

[bookmark: _Toc135315734]Feasibility 
Agile methodology can be adopted for the feasibility assessment process. Introducing concept studies and environment assessment stages, enables continuous feedback and adjustment, reducing the risk of errors, and increasing accuracy. 
[bookmark: _Toc135315735]Feasibility / Concept Study
A feasibility/concept study during this phase can be beneficial for many reasons. The purpose of a concept study is to determine the key objectives, requirements, and constraints of the project, and explore potential options for executing it. The study involves activities like market research, cost analysis, technical assessments, and stakeholder interviews to gather the necessary data and insights. The study typically results in a high-level plan or proposal that outlines the potential scope, schedule, budget, and risks of the project. It helps to determine the viability of the project by evaluating whether it is technically, economically, and legally feasible. It also helps to identify any potential risks and challenges that may need to be addressed before moving forward with the project ( Martinelli & Waddell, 2014) .
Some projects completed within the organisation can be impacted by various environmental factors.  The addition of the environmental assessment is important in the project's feasibility phase as it helps identify potential environmental impacts and regulatory requirements. It also addresses stakeholder concerns related to the project's environmental impact.
Regulatory compliance is critical, as noncompliance with environmental standards can result in fines, legal challenges, and reputational harm. Another consideration is resource availability, since shortages, power outages, or supply chain interruptions might affect the availability and cost of natural resources needed for the project. The environmental impact is also important to consider, as potential air and water pollution, greenhouse gas emissions, and habitat destruction all have an influence on residents and ecosystems. Environmental impacts can also raise stakeholder concerns, including those from local communities, non-governmental groups, customers, and investors, potentially leading to reputational harm, legal challenges, or project delays or cancellations (Badiru, 2008).
[bookmark: _Hlk133406483][bookmark: _Toc135315736]Planning 
The hybrid approach can also improve the planning phase. By breaking down the planning phase into smaller, more manageable pieces, the team can tackle it iteratively and adjust the plan as needed based on feedback and changing requirements. This approach also helps ensure that project requirements are well-defined, and that project scope is understood by all team members. For instance, the Waterfall methodology can be used to create a high-level project plan with milestones and deadlines, while Agile methodology can be employed to break down the project plan into smaller iterations and work on specific features. Regular meetings can be held to review progress and make necessary adjustments to the plan. 
[bookmark: _Toc135315737]Improved Requirements Analysis
Many issues highlighted in the evaluation were due to management issues, but others were based on requirements not being clear initially. Analysis plays a significant role in various stages of the project lifecycle, especially in the planning phase. It helps in understanding the requirements, identifying potential risks and constraints, evaluating alternatives, and making informed decisions. Implementing a design review and improving the URS can improve the planning phase and address issues related to requirements issues.
[bookmark: _Toc135315738]Design Review
Before the project moves into execution, introducing a design review can assist by uncovering any design issues or areas that require improvement. In the long term, this can save time and money by avoiding costly design revisions during the execution phase. Introducing a design risk assessment into this phase can assist in identifying potential design risks and developing methods to mitigate or eliminate such risks. This can aid in completing the project safely and without problems. Post-review design qualifying involves ensuring that the design meets all the required standards and specifications. This can help ensure that the project is completed to the needed standards and that it can work properly.
[bookmark: _Toc135315739]User Requirement Specification 
The URS holds significant importance as it serves as a comprehensive document that outlines the specific requirements and expectations for a product or system. It functions as a contractual agreement between users and the vendor / development team, ensuring that the final product aligns with the desired objectives. Moreover, the URS serves as a baseline document for vendors to provide accurate quotes and can also form the foundation for a Functional Requirements Specification during the design stage. By improving the URS process, the clarity of requirements can be significantly improved, addressing issues stemming from ambiguous or evolving requirements (Automated Production, 2023). To aid in this improvement, a URS used by Fisher Clinical Services can be a valuable resource and serve as a guideline, an extract can be found in appendix 19.6.
[bookmark: _Toc135315740]Execution 
The hybrid approach may help ensure that the project stays on track during the execution phase by identifying defined milestones and goals that can be accomplished in short iterations. This strategy allows the team to focus on delivering value to stakeholders as quickly as feasible rather than spending too much time on a given task or feature.
[bookmark: _Toc135315741]Scrum Master
The team, for example, with the introduction of a project leader to the structure can step into the role of Scrum Master and adopt Agile practises by dividing the project tasks into small iterations, with each iteration concentrating on a different feature or functionality. Each iteration can include clear goals and milestones, such as completing the installation, testing, and deployment of a certain task. The team can then work on each iteration in short sprints, reviewing progress and adjusting the strategy as needed.
As a result, the hybrid approach enables the team to remain adaptable and agile while also ensuring that the project stays on track and offers value to stakeholders at every stage. Furthermore, the hybrid method aids in the early identification of any faults or blockages during the execution phase, allowing the team to take corrective measures and avoid delays or cost overruns.
[bookmark: _Toc135315742]Implementation of Monitor & Control Phase
[bookmark: _Hlk133416321]The addition of the monitor and control phase is an important aspect of project management since it ensures that the project moves towards its goals. It involves regularly monitoring progress, finding deviations from the plan, and taking corrective actions to return the project to its original course. This phase also aids in the early identification of potential risks and concerns and the implementation of remedial actions to mitigate or eliminate them. This phase also includes regular reporting to stakeholders to keep them informed and enable informed decision-making.
The monitoring and control phase in the hybrid approach entails continual communication and collaboration among team members to ensure the project continues on track and issues are detected and addressed in a timely way. For example, if the project is running late, the project manager may increase team resources or change the project timeframe. Similarly, if the project goes over budget, the project manager might cut spending or change the scope of the project.
The hybrid approach lets the team stay focused on the project objectives by breaking it down into shorter iterations. It also ensures that any changes to the project plan are well-considered and in line with the overall project goals. This ensures that the project is completed on schedule and within budget, and that all specifications and quality standards are met. 
[bookmark: _Toc135315743]Improved Metrics Reporting
To improve metrics and reporting in addition to the status report, a comprehensive approach is being implemented based on actions from the workshop. One key aspect is the development of a summary report that tracks the progress of each project engineer, encompassing both project-related tasks any day-to-day responsibilities. This report will enable the project manager to gain a holistic view of the engineers' workload, facilitating resource allocation adjustments and potential timeline modifications if needed. Additionally, it will provide insights into the number of active and closed projects, offering a snapshot of the project portfolio.
During the workshop, document approval emerged as an identified challenge. To address this issue, the monitoring of document approval processes will be integrated into the reporting framework. By tracking document approval timelines, bottlenecks can be identified and addressed promptly, ensuring smoother project progression. Moreover, the reporting system will capture task completion rates and project financials allowing for a comprehensive assessment of the team's productivity and identifying any areas that require additional support or improvement.
To ensure accurate and up-to-date data, project engineers will input their progress and relevant information into the reporting system monthly. This regular data input will enable the project manager to maintain real-time visibility into project status and make informed decisions based on the most current information available. Ultimately, this comprehensive reporting approach aims to improve project metrics, enhance communication, and enable effective project management practices Figure 25.
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[bookmark: _Ref135063302][bookmark: _Toc135310992]Figure 25 - Project Engineering Monthly Summary Reporting (see appendix 19.4)


[bookmark: _Toc135315744]Closure Improvement
Using the hybrid approach, During the closure phase, apart from analysing the project's performance and capturing lessons learned, regular meetings are held with stakeholders to review project progress and gather feedback. These meetings provide an opportunity to address any concerns, ensure alignment with stakeholder expectations, and make necessary adjustments before the project is launched.
For example, to improve handovers, engaging key production stakeholders, such as operations team, right form the initiation phase will encourage their active participation and ownership in the project, ensuring their perspectives and requirements are considered throughout the project lifecycle. Another improvement is to facilitate knowledge sharing sessions or training workshops between the project team and production team. Provide the production team with the necessary documentation, guidelines, and resources to effectively operate and maintain the delivered project. This will encourage a culture of knowledge transfer and ensure that relevant expertise is shared across teams.
To improve lessons learned, the team project can follow a structured approach during the retrospective meetings. For example, gathering data from the sprints or iterations that have been completed. Collect data and feedback from the team members regarding what worked well and what challenges were faced. This can include aspects like communication, collaboration or technical issues then analyse the collected data to identify patterns, trends, and key insights. Look for common themes or recurring issues that had a significant impact on the project's progress or outcomes.
[bookmark: _Toc135315745]Improved Project Performance Analysis
To enhance the measurement of projects during the closure phase and ensure alignment with the company’s strategic goals, it is also important to focus on all aspects of value-added elements. This can involve evaluating not only the project's adherence to budget and timeline but also its impact on various key areas. By considering factors such as, stakeholder engagement, quality improvements, risk mitigation, cost savings, health and safety and sustainability improvements, the organisation can obtain a comprehensive understanding of the project's value and its contribution to strategic objectives.
[bookmark: _Toc135315746]Project Management Skills
While implementing improvements in project management methodologies such as Agile and Waterfall can be beneficial, it's important to acknowledge that a one-size-fits-all approach may not be suitable for every project. A competent project management team understands the significance of considering and adapting delivery methods based on the specific objectives of each project. Therefore, a major challenge lies in acquiring the necessary skills and knowledge within the organisation to effectively utilise these methodologies.
One approach to address this challenge is through comprehensive training programs that focus on Agile, PRINCE 2, and other relevant courses. While training can be a valuable opportunity to upskill the project management team, it's essential to recognises that it may involve associated costs. To mitigate this, it would be beneficial to benchmark training options and explore cost-effective alternatives, such as online courses or workshops, that still provide valuable learning experiences.
Additionally, reaching out to sister sites within the organisation or other companies in the industry can offer valuable insights and knowledge sharing opportunities. By establishing communication and collaboration channels with these entities, project teams can exchange best practices, lessons learned, and gain practical advice on implementing Agile and Waterfall methodologies. This networking approach can prove to be cost-effective and provide a broader perspective on project management practices.
[bookmark: _Toc135315747]Change Management
To successfully adopt these improvements, it is important to consider change management, as highlighted in the study by (El Amrani, et al., 2018). ( Hiatt & Creasey, 2012) emphasise the importance of a structured approach to address challenges and resistance during the transition, including strong leadership support, clear communication, stakeholder engagement, and early employee involvement.
To drive adoption and address concerns, it is beneficial to have the project team serve as change agents. These individuals can play a vital role by advocating for the change, offering guidance, support, and sharing success stories to inspire confidence and enthusiasm among team members and stakeholders.
Regular communication and feedback loops are essential for maintaining transparency and addressing any resistance or misconceptions that may arise. Actively listening to the concerns and ideas of the team and stakeholders enables the project team to make necessary adjustments and provide the required support to overcome challenges.


[bookmark: _Toc135315748]Conclusion
This report offers an in-depth analysis of project management practices at ZB, along with practical solutions to improve project outcomes and organisational effectiveness. Key challenges faced by ZB are identified, including inconsistencies in project execution, inefficient resource allocation, communication and collaboration issues, and limited use of project metrics and reporting. To address these challenges, several solutions are proposed. 
The report provides an overview of project management concepts, such as the phases of project management and the Agile and Waterfall methodologies. It highlights the significance of project metrics and reporting in tracking progress, identifying risks, and facilitating informed decisions. Furthermore, the project management structure at ZB is analysed, including the project management process, team composition, and the role of the Project Management Office (PMO). The report outlines the four phases of the project management process: feasibility, planning, execution, and closure, emphasising the importance of project metrics and reporting within ZB's project management practices.
Moreover, a project analysis of a specific project at ZB is conducted, evaluating its achievements, challenges, and return on investment. Factors contributing to delays, budget overspend, and quality issues are identified, such as inadequate resource allocation, lack of expertise, incomplete documentation, and scope creep. Despite these challenges, the project successfully achieved its functional objectives, generated additional profit, and improved water quality and scrap rates.
Additionally, a project management analysis workshop conducted by the engineering project team at ZB is described. The workshop aimed to identify issues, assess the root causes of missed project deadlines, and propose potential actions to improve completion rates. The workshop team comprised individuals with diverse skills and experience levels, ensuring a well-rounded mix of perspectives and expertise.
The report also provides insights into project management practices at other companies, including Medtronic, General Electric (GE), and IBM. These companies prioritize patient-centred innovation, quality, collaboration, and risk management in their project management approaches.
Based on the analysis and insights gained, a project management improvement proposal is presented for ZB. The proposal suggests implementing a new project team structure, improving project management procedures, and adopting a hybrid Agile and Waterfall approach to project management.
Overall, implementing the proposed improvements and incorporating best practices from other companies can enhance ZB's project management practices, overcome challenges, and achieve better project outcomes. This will contribute to the overall success and growth of the organisation.
[bookmark: _Toc135315749]Recommendations 
[bookmark: _Toc135315750]Immediate Recommendations
· Implement the new project team structure with clear roles and responsibilities.
· Review and prioritise current projects and re-allocate resource. 
· Enhance communication by establishing a communication plan and defining channels and information to be shared.
· Conduct regular stakeholder meetings and involve stakeholders actively throughout the project lifecycle.
· Improve the clarity of project phases and requirements by adding checklists and detailed guidelines to the project management procedure.
· Emphasise risk management by including a dedicated risk management plan.
[bookmark: _Toc135315751]Short-term Recommendations
· Introduce a hybrid Agile and Waterfall approach to project management.
· Break down project phases into smaller, manageable components for better outcomes.
· Conduct design reviews to identify and address potential design issues early on.
· Improve the User Requirement Specification (URS) process to ensure clear requirements.
· Implement a monitor and control phase to track progress, detect deviations, and take corrective actions.
[bookmark: _Toc135315752]Long-term Recommendations
· Continue using the hybrid project management methodology for flexibility and structure.
· Implement process flow improvements to provide a comprehensive guideline for each phase.
· Enhance the planning phase by breaking it down into smaller iterations and adjusting the plan based on feedback.
· Strengthen requirements analysis by implementing design reviews and improving the URS.
· Improve metrics reporting to track progress, workload, document approvals, task completion rates, and project financials.
· Focus on closure improvement by engaging production stakeholders early on, facilitating knowledge sharing sessions, and conducting structured retrospective meetings for lessons learned.
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Green Amber Amber

Previous Actual Forecast

Key Documents:

Link to Charter Document: 

Link to Gantt:

Link to Cost Tracking Document:

Budget PO's Placed PO's to Place EAC £ +/-

CAPEX £0 £0

OPEX £0 £0

Total £0 £0 £0 £0 £0

Baselined Date Revised Date Actual Date On time or late

Achieved:



07 January 2020 25-Jun-20 On time

PQ Phase 3 B (Bonemaster & Dekomeds) 07 January 2020 30-Jul-20 On time

05 March 2020 13-Aug-20 On time

10 April 2020 15-Sep-20 On time

24 March 2020 TBD

25 February 2020 15-Oct-20 On time

25 February 2020 15-Oct-20 On time

11 February 2020 25-Jun-20 On time

Hand Over (Phase A) 17 February 2020 25-Jun-20 On time

Hand Over (Phase B) 17 February 2020 25-Aug-20 On time

Final Validation Report 23 April 2020 Sep / Oct On time

14 January 2020 Oct On time

92%

Planned:



Mitigation Actual Date

Veolia support during switch over. Create detailed plan (SME's) prior to 

switch over. 

28th Jan2020

Sampling & flushing instructions have been added to the PQ and training 

to be completed with all technicians. 

SMTL will forward any failed water samples to another external lab to 

conduct futher identification testing to establish if contamination is water 

or environmental related.

Back up people have been identified to complete testing.

Testing will be exteneded if required 

LAST MONTHS PLANNED MILESTONE MANAGEMENT

COSTS PROJECT OBJECTIVES



Tasks Due in May Tasks completed on time in May

ACHIEVED / PLANNED

Number completed % of project completed

137 120 88%

Project Description:

Increased PW/HPW generation + distribution-loop systems within Bridgend manufacturing for 

existing wash systems and provide capacity for future growth / expansion



B.16.022.00 Amy Evans Chris Teague

Key Milestones



1. Updated PQ protocol to cover POU phased testing & dekomed chamber sampling - Awaiting 

approval.



2. Phase 3 - Power failure / Acid contamination - The distribution system is now back and 

running within specification.

◦ Ozone generation cells have been replaced and re-calibrated, ozone sanitisation settings 

have been configured and full sanitisation cycle completed sucessfully.

◦ Endotoxin filter have been replaced.

◦ TOC & Conductiving sensors replaced and re-calibrated.

◦ Routine water samples taken have passed.



Documentation

Optimal 2 Link Up

Optimal 1 Link Up

PQ Phase 3 A (Optimal 1, 2 & FC3)

Aquavista Software

Optimal 1 & 2 Prep

Bonemaster Link Up

Dekomed Link Up



Project Deputy: Project Owner: Project Number:

31st March 2020 TVC failures on POU testing  Medium Amy 

High/Medium/Low

Due date Owner

PW/HPW supply interruption (switching on of new systems and switching off the 

old/current systems)

Medium 1st Feb 2020

Amy  / Veolia / 

Validation / Opeartions



04-May-20

12 22 27

Task adherence in May

9 8 89%

Tasks Due Jun Tasks Due Jul Tasks Due Aug

Existing RO plant is capable of generating 900 l/hr, however our requirement to run existing wash lines is 2,500 l/hr.  Washes are running 

inefficiently with significant downtime and production losses.  Capacity to be increased to +25% above requirement. Future state washes 

(EOL, In-Process) strategy are included too.



PWMEM WATER SYSTEM

TASK MANAGEMENT

Total Number of tasks

On Time %

Better/Higher contingency capacity in case of generation system breakdown Medium

High/Medium/Low

Will meet future production (wash) demand for Purified Water (PW) and Highly 

Purified Water (HPW)

High

Low staff levels - Quality technicians, SMTL - Covid-19 High Amy  31st March 2020

OPPORTUNITIES

Opportunity

RISKS

Risk

PWMEM system:



1. PQ Phase 3 A - To start Monday 27th April (6 weeks)



2. SOP, WI & UKF into peer review



Better flexibility to run each cleaning machine on different temp Medium



Will meet the Zimmer Biomet corporate protocol for in-process washes High
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Supplier Responsibility

(Provide Reference to Design 

Documentation)

FCS Responsibility 

(Review and Verify Design)

Critical

Y/N

GxP (G)

Safety (S)

Essential (E)

Desirable (D)



P&ID / Drawing / Document & Chapter 

Reference / Rational

Accept / Reject

1 HEALTH & SAFETY REQUIREMENTS Y

Compliance Requirements

The machine must meet the following H&S requirements: 

(Note: FCS must perform a verification of the health and safety requirements through a PUWER 

assessment at FAT as a support to the supplier verification.)

1.1

Material Safety Data Sheets (MSDS) need to be supplied for all lubricants/coolants used in the operation/maintenance of the 

equipment. Additionally, a TSE/BSE Cert must be provided where applicable

H&S Y None S

1.2

All Pneumatic & Electrical isolators to comply with LOTO (Lock Out/Tag Out)

H&S Y None S

1.3

The Contractor must work within the Health & Safety at Work Act 1974 (HASAW)

H&S Y None S

1.4

The equipment shall conform to the requirements listed under The Provision and Use of Work Equipment Regulations 1998. SI 

2002/2174 (PUWER)

H&S Y None S

1.5

The contractor and system shall comply with Control of noise at work regulations 2005.

H&S Y None S

1.6

The system shall comply with 72/23/EEC and amendments EC Directive for Low Voltage

H&S Y None S

1.7

Guards are designed to make access to mechanical hazards impossible to reach.

H&S Y None S

1.8

All pinch points and heated surfaces are to be guarded and labeled with safety warnings. 

All guarding must comply with ANSI B11. 

All gaps around guarding must comply with ANSI B11.19 Annex D.

H&S Y None S

1.9

All pinch points and heated surfaces are to be labeled with safety warnings where applicable; compliant with ANSI Z535.4 2011.

H&S Y None S

1.10

All mechanical hazards below 2.7m require guarding and no exposed parts are acceptable

H&S Y None S

1.11

Guards are durable for foreseeable machine life and conditions (including hinges, slides, handles, latches, environment, etc.).  

H&S Y None S

1.12

Maintenance access guards shall be mechanically fastened and require tools to remove

H&S Y None S

1.13

All non-fixed guards (movable guards) are to be equipped with safety interlock switches to interrupt machine operation and inhibit 

all energy sources.  Frequently accessed safety doors must be easy to open, removable without tools, and be fitted with appropriate 

safety guard switches (interlocking, attachment to machine with tamper resistant fasteners).  Guards must be either hinged or lift-off 

type.  Removable guards must have sturdy handles to permit safe handling.

H&S Y None S

1.14

Any mechanical device (like ¼ turn handles, magnets, etc.) to hold a guard closed, shall not vibrate open while running.

H&S Y None S

1.15

Guards allow necessary observations and essential work tasks while in-place including critical and frequent adjustments, and process 

observations, etc.) 

H&S Y None S

1.16

Guards are to be constructed of surface-hardened, scratch-resistant clear polycarbonate (Lexan or equal) with a thickness of at least 

5 mm (3/16”).  

H&S Y None S

1.17

Clear guards or windows are required for a clear view of the machine operation and key drive components to support Maintenance-

While-Running practices. 

Automated moving parts shall be guarded with preferably see-through covers where possible.

H&S Y None S

Stage 1: User Requirements Specification

Stage 2: Supplier Proposal Review

(For low complexity COTS systems FCS must complete the 

Supplier Proposal stage on behalf of the supplier)

Stage 3: Mechanical Design Review

This Stage is not required for  COTS Equipment, Software or IS Systems, 
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