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Abstract – Maintenance Strategies for the Oil and Gas compared against the Food Industry 
This thesis is not for general distribution as restricted by the wishes of the companies in the case studies.
This thesis was written during the researcher’s time employed in both the Oil & Gas and Food Industry. The researcher developed a strategy during his career in the Oil & Gas industry. The aim of this thesis is to understand if the same strategy can be used in the Food Industry. An empirical research methodology has been used for this thesis and is based on the experience of the Researcher as well as professional / Notified bodies that have been encountered via audits during the researcher’s career (e.g. Bureau Veritas, Amtri Veritas, Health & Safety Executive, British Retail Consortium, Client Auditors, etc. The strategy development was also influenced by an improvement project that was ran in conjunction with Sunderland University. To help deliver an accurate and consistent thesis the research seeks to answer three research questions.
RQ1 – What is current maintenance strategy utilised within the Oil and Gas Industry and how has it developed?	
RQ2 – Can the same maintenance strategy, developed by the researcher, be used within the Food and Drink Industry?
RQ3 – What are the differences and limitations of using a specific maintenance strategy developed within Oil and Gas and could they be overcome for the Food and Drink Industry?
The researcher provides a detailed description on the history of the maintenance function and how it has developed to reach a recognised process considering academically recognised practices as well as the researcher’s experience. The academic literature review examines several ‘best practice’ elements that have supported the development of the maintenance strategy devised by the researcher. The thesis will describe the strategy itemising, describing and showing examples of each element of the proposed dual-purpose strategy. 
The thesis will examine the operational differences and limitations between each industry. The limitations of the case studies are discussed and the impact that they may have on the maintenance department when developing a new approach to maintenance.
The conclusion of this research describes the results of strategy implementation within the two different industries and describes the necessary elements required for further research.
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Chapter 1
[bookmark: _Toc64444391]Research aims and questions
[bookmark: _Toc64444392]Background
The Aim of this research is to understand whether the same maintenance strategy can be adopted by two different industries. The industries where application of the strategy can be analysed are ‘Oil and Gas’ and ‘Food’. During the 2 years of this study, the researcher worked at Technip Umbilicals (oil and gas) as their ‘Global Maintenance Manager’. In year 2, the researcher moved to Greencore (food) as ‘Engineering Controller’ tasked with the implementation of a new Maintenance / Engineering strategy.
Oil and Gas Overview –The Umbilical Manufacturer (Technip) is a world leader in project management, engineering and construction for the energy industry, with over 50 years of experience on land and at sea with a unique range of activities. The business consists of several different entities. However, this programme of research will concentrate on the Umbilical manufacturing division. The Umbilical manufacturer division designs, manufactures, supplies bespoke steel tube, thermoplastic, and power cable umbilical solutions to the global offshore oil and gas market.  For the Umbilical manufacturer to succeed in today’s competitive global Oil & Gas industry it is a priority to optimise operational overheads. Technip have developed a set of business objectives to help reduce operating costs and improve product quality.  One way to achieve this is to develop a new approach to maintenance with the end goal of improving equipment availability and reliability. 
Greencore Overview – Greencore Group plc is a leading international manufacturer of convenience foods. Greencore was established in 1991 following the privatisation of Irish Sugar. In 2001, the business diversified in to convenience food through the acquisition of Hazelwood Foods. Subsequently, the business has made a series of acquisitions and disposals to create Greencore’s current portfolio. Like Technip, a set of operational KPIs (Key Performance Indicators) were developed specific to the manufacturing facility in Consent, County Durham. The Durham facility produces own brand retorted ready meals to mainly private label distributors including Asda, Morrisons, and other leading supermarkets. The site produces in the region of 600,000 meals per week.  The research, through a detailed literature review and through discussions with staff at both companies, will examine the current and well-established maintenance strategies and philosophies used within the relevant manufacturing industry.
Figure 1 below illustrates the famous ‘iceberg’ model showing that maintenance of equipment is a significant part of the total operating cost of a business. However, the hidden cost impact is much greater than just the direct costs associated with traditional maintenance. This iceberg theory provides significant justification for improvement and development of current maintenance practices.
[image: ]
[bookmark: _Ref8373837][bookmark: _Toc8304538][bookmark: _Toc15384359]Figure 1: Total Costs of Maintenance - Wienker et al, (2015)
[bookmark: _Toc64444393]Strategy overview
When discussing maintenance strategies, plans or philosophies for asset care it is important that we firstly identify and clearly explain the main areas of research. Both Industries would like to practice a preventive strategy rather than the corrective methods currently used. Preventive and Corrective, which are described by Vineyard et al. (2000) as Preventive maintenance refers to any planned maintenance activity, usually at predetermined intervals, designed to improve equipment life and avoid any unplanned maintenance. Whereas Corrective indicates that, “the corrective policy is a pure reactionary policy, where maintenance is performed only when a machine fails”. A corrective policy usually requires operating in an emergency mode with the aim of returning the equipment to a safe operational condition quickly. 
Both companies have identified equipment maintenance as key to reducing costs and improving quality and therefore have decided to focus their attention on a more preventive strategy to reduce the volume of corrective activities currently undertaken by the maintenance department.   In order to identify how much preventive or corrective activity is carried out on site it is critical to record and analyse data in the form of performance related metrics. According to Muchiri et al. (2010), “performance measurement is a fundamental instrument of management”. If developed and implemented correctly, the strategy could ensure the maintenance activities planned and executed have given the expected results. 
When considering a maintenance strategy Kelly (2006) examined several maintenance philosophies and associated work types to describe the philosophy, which is very much reactive. (See table 1). Sadly, this approach is all too prevalent within both companies discussed within this research programme.  








	Time period
	Maintenance philosophy
	Work type

	Monday to Friday
	‘keep the plant going’
And
‘keep an eye on its condition’
	Reactive maintenance
Operator monitoring tradeforce line-patrolling
Condition-based routines

	Weekends
	‘Inspect the plant carefully and repair as necessary in order to keep it going until next weekend’
	Known corrective jobs
Inspect and repair jobs
Fixed-time jobs

	Summer shutdown
	‘Carry out major jobs to see us through another year’
	Known corrective jobs
Fixed-time major jobs


Table 1 - Food processing plant, maintenance philosophy (Kelly, 2006)
[bookmark: _Toc64444394]Using Data and Metrics
The researcher would like to use the data recorded as a tool not only to identify poor equipment performance but also to justify the need for further investigation, investment, upgrades or even replacement. According to Muchiri et al. (2010) maintenance performance measurement is dominated by lagging indicators. Part of my research will identify several lagging indicators that can be used as Key Performance Indicators (KPI’s). A lagging indicator is a measure that records the result of organizational performance as described by Eccles et al (1992). A useful Maintenance KPI drives reliability growth while guiding your choices for improving maintenance effectiveness and efficiency as well as helping you select the right strategy, as described by Sondalini (2014).
[bookmark: _Toc64444395]Research Aims and Questions
The aim of the programme of research is to answer three research questions. 
RQ1 – What is the current maintenance strategy of both companies and how has it developed?	
RQ2 – Can the same maintenance strategy, developed by the researcher, be used between the Technip and the Greencore?
RQ3 – What are the differences and limitations of using the proposed Technip based strategy within Greencore?
To answer the research questions, a review of the existing literature covering maintenance practices will be carried out. The researchers experience from Technip and Greencore will identify the main ‘drivers’ of maintenance management in the named sectors. Secondly, a detailed review of the researcher’s strategy, which is in place at both companies will help to better understand how the theory and practical applications are aligned, or not aligned.  Finally, any differences found between the two industries that could potentially affect the format or the elements of a strategy will be identified 


Chapter 2
[bookmark: _Toc64444396]Literature Review
[bookmark: _Toc64444397]What is maintenance? 
The term maintenance is defined by Azhar & Mansor, (2013) as “activities required or undertaken to conserve as nearly, and as long, as possible the original condition of an asset or resource while compensating for normal wear and tear”. The key objective of maintenance has been described as “total asset life cycle optimization which means maximizing the availability and reliability of the assets and equipment to produce the desired quantity of products, with the required quality specifications, in a timely manner”. The aim of this objective must be attained in a cost-effective way and in accordance with environmental and safety regulation” according to (Khairy et al, 2008). 
[bookmark: _Toc64444398]The Development of Maintenance
According to Sherwin, (2000), prior to the Industrial Revolution, which began in England circa 1750, Maintenance consisted of individual craftsmen such as carpenters, smiths, coopers, wheelwrights and masons repairing buildings, primitive machines and vehicles of the day. Sherwin, (2000) also claimed as there was no concept of dimensional control or spare parts, failures were mostly repaired by making a new part to fit or repairing the old one. The most common method would have been to repair items rather than discard and replace. As there were no methods for calculating stress’ etc. design evolved following failures and repairs. If something failed, the craftsman would fit a ‘stronger’ part and then incorporate the upgrade into the next new machine. As an example, if we consider that Nelson’s flagship, HMS Victory was the result of more than 300 years of slow design evolution.
Thomas Jefferson (1785) identified that musket parts were being made accurately enough to be interchangeable. The initially slow but accelerating development of this concept of spare parts which could be used as a direct replacement, accompanied by more complex machinery and equipment that needed maintenance, meant that the craft skill required by the person maintaining the equipment was reduced but the diagnostic ability increased. 
Since the early days of maintenance, before the industrial revolution, the maintenance concept changed from repair or replace with a stronger and improved bespoke component to a more structured approach where a level of diagnostic intelligence was required. During the Second World War ‘operational research’ (OR) needed to be considered, where real-life data consisting of inductive reasoning and calculations were used. During the 1970’s and the increasing use of technology, computers were first used to record data and develop statistics, which gave non-engineers the chance to drive maintenance practices. 
Nowlan and Heap of United Airlines independently took things to the next level by formulating a rigorous engineering methodology for creating an optimal maintenance program to maximize safety and dispatch reliability while minimizing cost during the 1960’s and 1970’s (Dunn,2003). This era also identified the need to constantly train and retrain engineers as the technology evolved quickly. 
Through the 1980’s it was observed that good maintenance practices and Total Productive Maintenance (TPM) could lead to greater market share in the automotive industry, since this recognition maintenance strategies have developed to today’s recognised standards (Sherwin, 2000). TPM originated from the fields of reliability and maintenance, which are closely related disciplines with the primal objective of increasing equipment availability and overall effectiveness as described by McKone & Weiss, (1998). 
See Table 2 showing a timeline for how maintenance philosophy has developed over the years.




	Maintenance development period (year)
	Characteristics of Equipment
	Maintenance Philosophy

	1700 - 1800
	Thomas Jefferson noted that accurately made musket parts were interchangeable for quick repairs.
	Very basic repair when broken 

	1800 - 1900
	Large assets such as HMS Victory
	Skilled labour was cheap and over the course of about 55 years of service and a later restoration project almost all of her original structure was replaced.

	1940
	Assets from the second world war

German rockets weapons
	Operational Research (OR) was applied to maintenance in WW2
Reliability engineering started by the German military.


	1960 - 1980
	Equipment is more complex, greater dependence of Industry on equipment.

Maintenance costs are getting higher is relation to operating costs

Health and safety at work act 1974
	Interest from non-engineering to gather statistical data. Increased documentation and paperwork required by supervisory teams.
Early days of Reliability Centred Maintenance (RCM).
United Airlines using optimal maintenance programs
Computers first used for data 

	1980 onwards
	Complexity increasing

Automation introduced

Downtime costs high

Legislation on safety

Higher quality demands from consumers
	Total quality management (TQM) introduced to many manufacturing businesses. OEE metrics followed.
Computerised maintenance management systems introduced and developed. CMMS.
Self-diagnostic equipment developed with the evolution of PLC’s 


   
Table 2 – timeline for maintenance philosophy development
When applying a strategy there are tools that can used such as Maintenance strategies ‘Decision Making Grid’ (DMG). The DMG will indicate which is the most appropriate strategy for your application based upon the use of Reliability Centred Maintenance (RCM) and Total Productive Maintenance (TPM); see figure 2 which shows the DMG strategy selection according to Labib, 2004.

[bookmark: _Ref8304726][bookmark: _Toc8304537][bookmark: _Ref8304718][image: ]Figure 2 - When to apply RCM and TPM in DMG (Labib, 2004)
The most relevant strategy for an application will always depend upon the maintainability of the equipment. Maintainability is a measure of how quickly equipment failure can be corrected with the equipment back up and running satisfactorily as described by (Narayan, 2012).  Narayan, (2012) states that several things must be in place for good maintainability: good access to parts, ease of fault diagnosis, standardised tasks, a variety control of tools, spares, documentation and competent supervision.
It is also necessary to examine a modern approach and introduce Lean philosophies into the strategy. Mostafa (2015) discussed a proposed roadmap for lean thinking in maintenance, the road map is divided into five stages. Specify the value is the first stage that focuses on defining an organization maintenance system including activities, maintenance planning, strategies and maintenance crew. This stage also defines the employees training on lean maintenance wastes. The second stage is to identify the value stream. This includes all maintenance related activities and processes. 
The stage starts by mapping the maintenance value stream then locating the waste sources. This stage ends with setting equipment performance measures such as availability, overall equipment effectiveness (OEE), and Mean-Time-Between- Failures (MTBF). The third stage is to flow the value through waste network analysis then waste practices analysis. This stage documents the current state gap of the maintenance department. 
According to (Baglee & Knowles 2010), the importance of managing maintenance effectively in recent years has grown within the UK manufacturing organisations. The increasing importance of maintenance strategy is due to added pressure from the customer base, and corporate demands to consider equipment availability and performance. ‘Technip’ and ‘Greencore’s’ businesses are no different to any other manufacturing business as client demands are high.  Cost and quality are critical within both industries to secure contracts with new and existing clients on a sustainable basis. At the time of starting this research both businesses are operating in a reactive manner towards plant equipment, therefore several key improvements can be made. Both businesses have the full backing of the Senior Leadership Team to introduce the new strategy, which, according to Baglee et al (2016), is the most important factor.
[bookmark: _Toc64444399]Data Recording and KPI’s
For either business to adopt a new maintenance strategy, it is critical that accurate data is recorded to evaluate the performance of the maintenance function. Technip has embedded an Enterprise Resource Planning (ERP) system produced by Industrial Financial systems (IFS). An ERP system is a complex software solution that integrates information with a centralised database that can support business processes across organisations Mijac et al, (2013). As part of the ERP system, the Technip has procured the Computerised Maintenance Management System (CMMS) module of the IFS ERP which will allow a more effective integration of the maintenance function than an independent CMMS. 
The Stores, Finance, Projects and Production departments use a specific CMMS (Computerised Maintenance Management System), developed by IFS. The tailored CMMS has proven to be an effective tool, which is used to support decision-making. Using a CMMS, according to Labib, (1999), should have the objective of helping the company to reach world-class manufacturing status.   However, Wienker et al. (2015) indicates that although a CMMS is a key tool in maintenance management, successful implementation of such systems, even in large, well-resourced organisations, is surprisingly poor. In fact, the authors also state that successful CMMS implementation is only around 25 – 40% and the number of users that use a CMMS to its full capacity in only 6-10%. 
Technip has been using the IFS CMMS module for approximately 18 months and it is now well embedded into the maintenance department. There is a significant amount of actual data captured within the CMMS but analysis of the data to make strategic improvements has only just begun. A CMMS alone is not enough to change an organisation from reactive to proactive and incorrect use of these tools can lead to the CMMS tool being used as a ‘work order system’ without the power of reporting according to Wienker et al. (2015). 
In contrast, Greencore have limited maintenance data recording in place, so a system needs to be developed during this project to ascertain if the same strategy can be adopted. 
There is a need to consider what metrics / KPI’s suit the businesses to aid increased machine availability which is part of their overall equipment effectiveness OEE metric. A useful maintenance KPI lets you identify the issues causing your maintenance effects and helps you select the right strategy to either support or correct the actions producing the results (Kerzner et al, 2011).  Sondalini (2014) concluded that a useful maintenance KPI lets you identify the issues causing your maintenance effects and helps you select the right strategy to either support or correct the actions producing the results.  KPI’s are useful if they drive the right behaviours that produce good corporate outcomes. It‘s easy to choose KPIs that present information but are not directly actionable. 
When KPIs are set too high up the corporate objectives structure you make changes by guesswork and live in hope that a desired result will happen. Such KPIs are not suitable for maintenance because successful maintenance is proactive and needs KPIs that produce proactive performance. Standards and guidelines are well published for OEE as introduced by Nakajima (1998) and it is widely accepted as a quantitative tool for measuring productivity in manufacturing operations according to Ron & Rooda, (2006). However, Muchiri & Pintelon (2008) state that the insufficiency of the OEE tool has led to modification to fit a wider perspective as deemed necessary in manufacturing systems. 

The maintenance departments will not be measured by OEE as a more specific KPI is required that will feed into other facets of the business to trigger investment or modification. Campbell, (1995) proposed to classify measures of maintenance performance into three categories:
1. Measures of equipment performance (e.g. availability, reliability) 
· This is relevant to the vision, as it will help target the equipment that is disrupting the business the most. The KPI will also justify by quantitative means the requirement for further analysis into the reason for the poor performance.
2. Measures of cost performance (e.g. maintenance labour and material costs).
· This is also relevant to the vision whereby equipment would be highlighted as not cost effective even if it is reliable i.e. its cost to maintain may be high. 
3. Measures of process performance (e.g. ratio of planned and unplanned work, schedule compliance) 
· This was used initially in Technip prior to more detailed information being available to maintenance department. The business moved away from planned/unplanned in favour of the two other categories identified above which seem to affect the business directly.
When reviewing the proposal from Campbell, (1995) regarding the three categories above, the first 2 categories are relevant with the requirements of both businesses. The two metrics are supported by a summary of maintenance objectives for a maintenance department suggested by Muchiri et al, (2011) (see figure 4).
[image: ]
[bookmark: _Ref8304905][bookmark: _Toc15384360]Figure 3 - A summary of maintenance objectives for a maintenance department
It is clear that both Campbell, (1995) & Muchiri et al, (2011) agree that the availability, reliability & maintenance costs of the equipment should be a critical focus for an effective maintenance strategy. It is also worth noting that the model in Figure 3 considers ‘Plant Life’ which is one of the key points discussed internally at both businesses. As mentioned previously, both businesses would like their strategy to justify equipment replacement based on cost effectiveness and availability. Leading indicators monitor if the tasks are being performed that will ‘lead’ to results. On the other hand, lagging indicators monitor whether the results or outcomes that have been achieved. Both leading and lagging indicators are therefore important for managing the performance of the maintenance function, as defined by Muchiri et al. (2011).               
Measuring maintenance performance by Availability & cost effectiveness would mean both of the KPI categories would be lagging indicators which were the initial intention of Technip. However, Muchiri et al. (2011) goes on to say that, both the Maintenance process (leading indicators) and maintenance results (lagging indicators) are key elements in the management of the maintenance function. If Technip were to follow this strategy for KPI’s it could mean continuing with a current KPI of percentage of planned work completed which would fulfil criteria for each of the three performance categories identified by Campbell, (1995) while also following best practice recommendations by Muchiri et al. (2011). Both businesses are trying to follow the same strategy and KPI’s if possible, but the limitations will be data availability within Greencore. If Technip decides to proceed with lagging indicators only by monitoring availability, reliability and cost, Figure 4 indicates metric units that can be used to report the KPI.












	Category
	Measure/Indicators
	Units
	Description

	Measures of Equipment Performance
	No. of failures
	No.
	No. of failures classified by their consequences. Operational, non-operational, safety etc.

	
	Failure/Breakdown frequency
	No./Unit time
	No. failures per unit time (measure of reliability)

	
	MTBF
	Hrs
	Mean time between failure (measure of reliability)

	
	Availability
	%
	MTBF/(MTBF + MTTR) = Uptime/(Uptime+downtime)

	
	OEE
	%
	Availability * Performance rate *quality rate

	Measures of cost performance
	Direct maintenance cost
	£
	Total corrective and preventative maint. Cost

	
	Breakdown Severity
	%
	Breakdown cost/direct maint. Cost

	
	Maintenance Intensity
	£/unit production
	% of Maint. Cost per unit of products produced in a period

	
	% Maint. Cost component over manufacturing cost
	%
	% Maint. Cost/ total manufacturing cost

	
	ERV (equipment replacement value)
	%
	Maint. Cost /new condition value

	
	
	
	

	
	Maintenance Stock Turnover
	No.
	Ratio of cost of materials used from stock within a period

	
	Maintenance Cost of Personnel
	%
	Staff cost/total maint. cost

	
	Percentage cost of subcontractors
	%
	Expenditure of subcontracting / total maint cost

	
	Percentage cost of supplies
	%
	Cost of supplies / total maint. Cost


[bookmark: _Toc15384361]
Figure 4 - A summary of lagging maintenance performance indicators Muchiri et al. (2011)
It is apparent from table 4 that if we discount OEE as an equipment performance metric there are still two main calculations that are required: 
· Mean Time between Failures (MTBF): refers to the predicted elapsed time between inherent failures of a physical system during operation according to Teravainen et al (2016). This average time excludes the time waiting for repair, being repaired, being re-qualified, and other downtime incidents such as inspections, preventive maintenance, etc. MTBF is intended to measure the time a system is available and operating only as defined by Reliability Engineering Resources (2016).
It is critical to note that according to Busse et al. (2015): the numerical definition of MTBF and availability imply a high degree of transparency and clarity, even the definition of a failure can be interpreted in many ways, and therefore might differ. This is particularly relevant for Technip as the criteria must be clear and understood by other manufacturing sites within the group if a global metric/KPI is to be consistent.
· Mean Time To Repair (MTTR): measure of maintainability of equipment by evaluating the average repair time as described by Introduction to repairable systems (2016).
[bookmark: _Toc64444400]RCM, FMEA/FMECA
Once all of the data capture discussed earlier with regard to CMMS system improvements, KPI’s and metrics are in place the business needs to understand how this information can be used to improve the availability of their equipment. Latino et al, (2011) commented Metrics such as MTBF are not especially useful unless the measurements are directly related to the performance of an organisation and action is taken in response to a negative trend in data. It is critical that the data is used to develop planned preventive maintenance with the intention of increasing machine availability. Planned preventive maintenance (PPM) is when equipment is checked and maintained by preventive maintenance activities at planned intervals, PPM is carried out in an integrated way to reduce or eliminate avoidable failures and unplanned schedule changes (Aghezzaf & Najid, 2008).
Reliability-centred maintenance (RCM) and failure mode and effect analysis (FMEA) is described as a method of developing preventive maintenance programmes according to Braaksma, (2013). When FMEA is extended to FMECA failure mode effects and criticality analysis it will then incorporate a criticality rating within the analysis according to Bouti & Kadi, (1994).
Reliability Centred Maintenance (RCM) as a methodology identifies and defines actions to ensure an asset fulfils its intended function in its present operation context (Moubray 2000). The process of RCM originated in the aviation industry driven by the requirement to improve reliability as well as controlling the cost of maintenance. During the early 1960s, the aviation industry developed a comprehensive process for selecting critical maintenance work needed to keep the aircraft in service. The process evolved until 1978 when a report was written by United Airlines for the US Department of Defence, it was entitled “Reliability-centred Maintenance” or RCM. Around 1980 RCM also started to be used by other industries outside of aviation. 
The wider use of the term “RCM” led to multiple processes that deviated from the original defined RCM process (Moubray, 2000). This was recognised in the 1990s and led to an increasing demand for the development of an international standard.  The Society of Automotive Engineers (SAE) published a standard in 1999. SAE summarises the key attributes of an RCM process that answers the questions below as satisfactory:
1) What are the functions and associated desired standards of performance of the asset in its present operating context (functions)?
2) In what ways can it fail to fulfil its functions (function failures)?
3) What causes each functional failure (failure modes)?
4) What happens when each failure occurs (failure effects)?
5) In what way does each failure matter (failure consequences)?
6) What should be done to predict or prevent each failure (proactive tasks and task intervals)?
7) What should be done if a suitable proactive task cannot be found (default actions)?
The standard stated that any process that does not answer all of the questions in the sequence shown above is not RCM (Moubray, 2000).
[bookmark: _Toc64444401]FMEA
Failure Mode and Effect Analysis (FMEA) is a method of reliability analysis intended to identify failures affecting the functioning of a system and enable priorities for action to be set (BS5760 2009). Failure modes are ways, or modes, in which an asset can fail. The severity and probability of occurrence and risk of non-detection are estimated and used to rate the risk associated with each failure mode (Braaksma et al, 2013). FMEA can be used as a risk analysis tool that fundamentally answers two questions:
1) What can go wrong?
2) If something goes wrong, what is the probability of it happening and what is (are) the consequence(s)?
However, there has been a change since this was originally developed. The focus is on prevention now rather than predicting failure (see figure 5 – old thinking vs new thinking).
	OLD WAY
	NEW WAY

	Solution of Problems
	Prevention of problems

	Monitoring of waste
	Elimination of waste

	Qualification of reliability
	Reduction of unreliability


[bookmark: _Toc15384362]Figure 5 - Old thinking vs new thinking
Managers and Engineers use FMEA to minimise risk in a particular system, design, process and/or service. Reliability engineering and statistical analysis without the need for technical mathematics can measure these risks. FMEA use provides a tool that anybody committed to continual improvement can utilize according to Stamatis (2003).
[bookmark: _Toc64444402]Roles and Responsibilities 
Technip intend to change and optimise the organisational structure of the maintenance department. There does not seem to be a published proposal of the perfect organisational structure and it would in fact be dependent upon the size of the business as well as the functionality required.
Technip did not have clear roles and responsibilities documented, all they had at the beginning off the researcher’s time there were job descriptions. The job descriptions had evolved within departments over many years of different managers. This meant there was overlap between roles across multiple departments and within maintenance; there was no clear ownership of tasks as well as no clear workflow for the information or responsibilities. The issue with relying on job descriptions is the fact that when writing a job description for the required candidate, manages tend to encompass as many skills and responsibilities as possible. In addition, the maintenance team within Technip had adopted such a wide remit covering, plant equipment maintenance, technical set-up, equipment modification/design, facilities maintenance, etc. These areas had taken the focus away from the core business of making umbilical cables and hence maintaining availability of plant equipment.
The researcher has held the position of Maintenance and Engineering Manager in both businesses to be compared in this research. The role and responsibilities of the researcher’s position is critical to the operation of a maintenance/engineering department. The Maintenance and Engineering Manager reports directly to the plant manager, ensures continuous, effective, efficient, and safe plant capacity and operations through the application of total proactive maintenance management systems and the principles of maintenance reliability, equipment modification, and the supply of operating and maintenance materials to the plant (Smith & Mobley, 2011). 
It can be argued that it is critical that every member of the maintenance function is clearly aware of his/her responsibilities. As for the daily running of the maintenance function, this role falls to the maintenance supervisor who is key to ensuring the safe, effective, efficient, continuous plant operation through maintenance and repair of assigned facilities and equipment. This position functions under the maintenance manager and involves working with capital projects, monitoring costs and ensuring that contractors comply with safety rules and practices.
One vision for Technip is to develop a TPM Philosophy within the production team; maintenance will need to support this proactive development. TPM can be traced back to 1951 where it was a Japanese concept based on preventive maintenance according to Ahuja & Kumar, (2009). The authors describe TPM in further detail explaining that TPM is an operational improvement process related directly to machine efficiency and reliability, which provides justification to the plans to undertake and develop such a philosophy. This is supported further by Ollila and Malmipuro, (1999) who state that “TPM is considered to be an effective strategic improvement initiative for improving quality in maintenance engineering activities. In direct relation to the researcher’s vision McKone et al, (1999) describe TPM as a program that “addresses equipment maintenance through a comprehensive productive-maintenance delivery system covering the entire life of the equipment and involving all employees from production and maintenance departments to top management”.
[bookmark: _Toc64444403]Risk Assessments and Method Statements (RAMS).
Risk assessments and method statements are required as control measures for tasks carried out at work. RAMS are documents created after a risk assessment is conducted. RAMS documentation contains details of hazards as well as a step by step working guide that the employees, contractors and others can follow. It is a recognised best practice to use RAMS rather than just a risk assessment according to the HSE (http://www.hse.gov.uk/risk/faq.htm)
The goal of a risk assessment is usually to find vulnerabilities so that they can be patched; a methodology sometimes referred to as “penetrate and patch”. Whether the subject of a risk assessment is an entire business or a single item, the result is inevitably that several vulnerabilities are found as described by Stewart (2004).
According to Rausand (2013), the three main steps of a risk assessment are:
a) Hazard Identification. In this step, the hazards and threats related to the system are identified together with the potential hazardous events. As part of this process, assets that may be harmed are also identified.
b) Frequency analysis. This step will usually involve a deductive analysis to identify the causes of each hazardous event and to estimate the frequency of the hazardous event based on experience data and / or expert judgements.
c) Consequence analysis. Here, an inductive analysis is carried out to identify all potential sequences of events that can emerge from the hazardous event. The objective of the inductive analysis is usually to identify all potential end consequences and their probability of occurrence.
[bookmark: _Toc64444404]Summary
The literature review has provided an overview of how maintenance has evolved and developed over the years. There has been a discussion about strategy elements that have been used in both Technip and Greencore, particularly KPI’s such as, MTTR, MTBF and the use of leading and lagging indicators. All these elements have been researched and described in academic terms. The research in this literature review confirms that there are several elements to be considered for a maintenance strategy. Maintenance strategy selection (MSS) is considered as a complex multiple-criteria decision-making (MCDM) problem according to (Shafiee 2015).
The researcher has researched existing maintenance strategies to consider for use in his strategy. The use of CMMS systems, RCA (Root Cause Analysis), FMEA (Failure Mode Effect Analysis), TPM, OEE, RCM as elements that could be selected for the maintenance strategy. Tajadod (2016) states that maintenance strategy selection is one of the strategic decision-making issues that manufacturing companies in the current competitive world are facing. This further confirms the research in this literature review to understand methodology available to the researcher. As part of the strategy, legal compliance is considered for elements such as RAMS (Risk Assessments & Method Statements) which is also referenced within this literature review. Each of the frameworks reviewed above have valid elements and many are used within the researcher’s strategy.
	Relevant frameworks to be considered for the Researcher’s strategy
	Author

	RCA – Root Cause Analysis
	Tajadod (2016)

	FMEA – Failure Mode Effect Analysis
	Braaksma et al, 2013

	RCM – Reliability Centred Maintenance
	Moubray, 2000

	OEE – Overall Equipment Effectiveness
	Nakajima (1998)

	TPM – Total Productive Maintenance
	Ahuja & Kumar, (2009).or Sherwin, 2000



Table 3 – Relevant frameworks & metrics for the researcher’s strategy

Chapter 3
[bookmark: _Toc64444405]Research Methodology
[bookmark: _Toc64444406]Introduction
While Chapter Two reviewed literature giving insight to recognised best practice in the field of maintenance. The aim of this Chapter (Three) is to present the research methodology used to develop and introduce a maintenance strategy in both industries (Oil and Gas / Food).
Chapter Three introduces the reader to the methods and demands of both businesses to adopt a suitable (near identical) maintenance strategy.  The background and reasoning behind selection of strategy will be identified.
[bookmark: _Toc64444407]Research Questions
The research philosophy, strategy and methods used are fundamental aspects of the whole research project and set out the way in which the research questions are tackled thus providing a basis for the outcomes of the research. According to Orange 2016, the methodology chosen should be influenced by several factors and considerations including the perceptions of the  researcher, the approach required to answer the research questions and a review of the different methods used for data collection and analysis.
The following are the research questions, which were developed to satisfy the overall research aim:
RQ1 – What is current maintenance strategy utilised within the Oil and Gas Industry and how has it developed?	
RQ2 – Can the same maintenance strategy, developed by the researcher, be used within the Food and Drink Industry?
RQ3 – What are the differences and limitations of using a specific maintenance strategy developed within Oil and Gas and could they be overcome for the Food and Drink Industry?
In order to address the Research Questions, the following section will identify a research methodology based upon the researcher’s experience:
The Researcher has worked in both businesses used in the case studies in this project. The researcher has been in a senior enough position to be able to implement the strategy identified in this study; the strategy was developed during the researcher’s strategy implementation at Technip. Following the strategy implementation at Technip the researcher changed roles to implement the strategy in a completely different sector (The food industry, Greencore). Following the implementation of the strategy into the food sector in an actual business allows the researcher to give examples of the elements of the strategy and understand if they were comparable between the two different industries.
[bookmark: _Toc64444408]Research Process
In terms of research approach there are three main types: Deductive, Inductive and Abductive (Owen 2001). A deductive approach sets to develop a theory and then test it through data whereas an inductive approach uses data to form a theory. An abductive approach is in effect a combination of both a deductive and inductive approach whereby data is collected, and a theory is developed to which further data is collected to test and modify that theory. In my approach theory development and data collection were carried out simultaneously, this led to the development of my case studies. 
[bookmark: _Ref8305457][bookmark: _Toc15384363]The research process is shown below in Figure 6.Figure 6 - An overview of the research process
[bookmark: _Toc64444409]Introduction 
The introduction element of this research will identify the background information to the research and describe the role of the researcher within the businesses used in the case studies.
[bookmark: _Toc64444410]Literature Review
The literature review will provide an overview of best practice identified from academic papers, books & Journals. The researcher will try to cover several key elements of his strategy thereby providing an understanding a comprehensive study of the concept.
[bookmark: _Toc64444411]Empirical Research
The empirical research will be based upon the researcher’s actions while employed in senior positions with the businesses identified in the study. Empirical Research provides inferences whose validity does not depend on specifying a parametric for data according to (Owen, 2001). The knowledge and comments made by the researcher are based upon his direct and indirect observation while implementing the actual strategy described within this research. The researcher has adapted this strategy to adopt many best practice elements that have been honed by input from 3rd parties during his career. The researcher has worked within business’ that are constantly audited by professional bodies e.g. Lloyds, Bureau Veritas, Amtri Veritas, British Retail Consortium as well as client audits from Shell, BP, Conoco Philips, Asda, Coop.
Yin (2003) states that when deciding upon a strategy, the researcher should examine three conditions
1. The type of research questions posed
2. The extent of control the investigator has
3. The degree of focus on contemporary events as opposed to historical events. 
Table 4 display the three conditions and how each are related to the five major research strategies identified within the literature
	Strategy
	Form of research question
	Requires control of behavioural events
	Focus on contemporary 

	Experiment
	How, Why
	Yes
	Yes

	Survey
	Who, what, where, how many
	No
	Yes

	History
	How, why
	No
	No

	Case Study
	How, why
	No
	Yes

	Archival 
	Who, what, where, how many
	No
	No/Yes



Table 4. Relevant situations for different research strategies
Extracted from Yin (2003)


Based upon table 4, a case study approach could be favoured as this requires no control over behavioural events and will allow me to focus on the contemporary. In addition, the research will be based upon a how and why approach as a direct result of the researcher’s interaction with Clients and professional bodies. The reliability of the data and information from professional bodies is reliable and holds a legislative status. As the professional bodies are independent there were no ethical considerations. The critical steps used for this empirical research are observation, Induction, Deduction, Testing and Evaluation. 
[bookmark: _Toc64444412]Case Studies
Chosen as the most viable method to use because the strengths are the ability to deal with the full variety collected and analysed, mentioned above. The case study approach was recommended by Owen (2001) as part of a multi-method approach in which the same dependent variables are investigated using multiple procedures including interviews, observations and focus groups. 
Case studies have been used for this research as practical implementation of this strategy has been part of the researcher employment. The case study provides accurate feedback on the successes and limitations of the strategy during implementation rather than simply relying on academic research. However, there are limitations a case study, a case study is specific, and we can’t assume that strategy implementation would be the same across all oil & gas or food businesses as there are too many variables between businesses. 
[bookmark: _Toc64444413]Reliability and Validity 
Research must be both valid and reliable. Validity refers to studying the right things, while reliability refers to conducting a study in the right way. Validity allows the researcher to measure what was designed to be measured while reliability ensures consistency and repeatability of research procedures, such that the same findings and conclusions are achieved if the same procedure is followed by another researcher (Yin 2003). This research achieved validity by using multiple data sources (interviews, observations and documents) and establishing a chain of evidence. 
[bookmark: _Toc64444414]3.3.6 Ethical Issues 
In order to ensure the data collected from within the case study companies and their respondents were not compromised certain measures were taken.  Firstly, all who took part were told the purpose of the research and the data collection and analysis techniques to be used. It was stressed to all that the data collected was not open to scrutiny by anyone within the companies and that confidentially and anonymity were guaranteed. Secondly, it was stressed that company names and the names of any individuals who took part would not be published in the final report or published in academic papers or presentations.   These measures were accepted by everyone who took part. 

[bookmark: _Toc64444415]Summary
The aim of this research is to answer the following research questions: 
RQ1 – What is current maintenance strategy of both companies and how has it developed?	
RQ2 – Can the same maintenance strategy, developed by the researcher, be used between the Oil & Gas sector and the Food Industry?
RQ3 – What are the differences and limitations of using the proposed Oil & Gas based strategy within the food industry?
Due to the exploratory nature of the research and to answer the questions a case study approach was considered appropriate with the researcher acting as observer and interviewer.  The case study analysis included key information about maintenance activities, manufacturing KPIs and roles and responsibilities. The results will be evaluated and the comparisons between the two different industries will be discussed. The findings will allow the researcher to confirm if the proposed strategy is appropriate for both industries.


Chapter 4
[bookmark: _Toc64444416]Development of the Maintenance Strategy
[bookmark: _Toc64444417]Chapter overview
This chapter will show the detailed compilation of the researcher’s strategy, the strategy will be displayed in a pyramid format (Figure 7). Using the researcher’s experience, the strategy pyramid has been developed with an order of priority for adoption of the strategy. The order is based on many considerations: data capture, safe working practices, statutory compliance, client audit compliance, recommendations from accredited body’s, asset reliability, etc… The strategy also has a simple scoring system to track progression of the strategy application.
[bookmark: _Toc64444418]What is a strategy and why use one?
An engineering / maintenance strategy is in simple terms a road map showing what is required to develop a high functioning engineering maintenance department within a manufacturing business. The strategy should be a clear plan of how to achieve the most effective asset care process with maximum availability, maximum equipment longevity and the minimal overall cost of ownership of the asset during its operational lifecycle.  The strategy shown in figure 4.1 is what the researcher has developed over years of working in manufacturing, mainly in the Oil & Gas sector. Each segment of the strategy is a key element in the development of a maintenance department and an overall score can be identified to show the maturity of the department’s capability. 
The reason for a strategy is show a clear development plan that can be followed to achieve a highly effective maintenance function. Without a strategy, it is not possible to measure departmental progress, Rastegari, and Salonen, (2015) state that a strategically managed maintenance strategy contributes to the effectiveness of a business, 
The aim of this chapter is to identify the strategy that has been developed by the researcher. The researcher has developed this strategy over a number of years of experience as well as time considering recognised and well-documented best practice that was identified during an improvement project ran in conjunction with AMAP and Technip .
[bookmark: _Toc64444419]Existing maintenance frameworks

The Researcher has reviewed other Strategy Pyramids which have a similar format, but it was not possible to find a strategy that was identical to the needs and experience of the Researcher. However, the researcher has adopted a similar visual appearance to other pyramids such as Figure 6, although the researchers pyramid can also be scored to evaluate progression.
[image: https://media.noria.com/sites/archive_images/webexclusive_The-Future-3.gif]
Figure 6: The SAMI Asset Healthcare Triangle
Reliability Plant 2017, Reliability Plant website, viewed 21 February 2017
Existing frameworks such as Total Productive Maintenance (TPM) and Reliability Centred Maintenance (RCM) are used within the Researcher’s Proposed Strategy. The objective of RCM is to achieve zero breakdowns, zero defects, and zero accidents while TPM is to preserve the functions. Speaking generally TPM mostly can be implemented in big plant industries while RCM can be applied in small or medium size plant according to Gupta and Mishra, 2016. Within both industries and therefore reflected in the Researcher’s strategy the target of zero breakdown is sort (TPM), however, when breakdown occurs it is necessary to keep equipment running until a natural, low impact downtime period can be found for repair.
[bookmark: _Toc64444420]How the Researchers strategy works
The Researchers Strategy is a step by step guide to achieving a robust maintenance system within a manufacturing maintenance function. The Strategy can be followed to achieve the fundamentals of good maintenance techniques from TPM, RCM, FMEA and other frameworks as well as using statutory legal requirements to build the strategy upon. The order of the strategy components are based firstly upon legal compliance but also have a link to the Researcher’s own experience within industry.
The Researcher’s overall strategy is shown in figure 7. This strategy was developed during the researcher’s time working in the Oil & Gas industry. Each of the elements were items that the researcher had established during his time within Technip but also the researcher’s previous employment in the Oil and Gas industry. So, that indicates that the strategy has developed over a period of 20 years although it was not intentional in the early days. The grading system was added during this research to compare the two businesses but also to display percentage completion of the strategy, so it could be used as a road map for maintenance development.
Each element of the researcher’s strategy will be described, or an example given where the researcher has completed the segment during his career. Where there is not an example the researcher will explain what is required to achieve the required standard to fulfil the matrix.
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[bookmark: _Toc15384364][image: ]
Figure 7 - The Researcher's Maintenance Strategy
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[bookmark: _Toc64444421]Asset Hierarchy	
An asset hierarchy is a record of all assets; each asset should have its own asset description, location & identification number. The researcher believes this is the most important part of the maintenance strategy as all of the information and processes are based around what is identified in the asset hierarchy. The researcher has laid out the asset hierarchy in a very intuitive format where it is simple to find any information for an identified asset.  See the example from the CMMS used in the oil and gas industry in figure 8 of a simple excel format asset hierarchy showing location, description, unique part number etc. In line with Lowenstein & Slater (2018) if an Engineer wanted to obtain an asset to use on a program for a short period of time
they could go log onto this system and view an asset location. This was just displayed in excel to show how the hierarchy looks because it was not possible to depict directly from the IFS CMMS used within Technip. This is an absolute essential part of any strategy as a CMMS could never be installed without this information.
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[bookmark: _Toc15384365]Figure 8 - Asset hierarchy




As another example of an asset hierarchy see figure 9, which the researcher devised for the food industry as when the researcher started working at the business there was nothing present that could be used to clearly identify individual asset. The researcher used a simple format to pave the way for a CMMS to be introduced in the future.
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[bookmark: _Toc15384366]Figure 9- Asset hierarchy




When the asset hierarchy in figure 9 was devised a bespoke asset number was created to identify each asset individual machine, see figure 10 which shows the construction of the asset number depicting location etc.
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[bookmark: _Toc15384367]Figure 10- Asset number key
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[bookmark: _Toc64444422]Procedures: Isolation, Contractor management and the use of RAMS (Risk Assessments & Method Statements)
As identified in the Literature review, Risk Assessments and Method Statements (RAMS) are a critical part of working safely in a controlled manner. The HSE guidance indicates this is best practice and will also clearly define hazards associated with a task by providing a step by step guide of the approved method.
This section covers procedures that are critical to enable assets to be safely maintained and repaired. It is also critical the RAMS are used, reviewed and developed prior to work taking place. See Appendix (IV) showing an example of an Isolation procedure developed by the researcher
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[bookmark: _Toc64444423]Planned Preventative Maintenance (PPM) Schedule
A PPM schedule should be robustly planned, and performance reviewed (planned v actual) on a regular basis. The PPM schedule should show all PPM’s individually within an annual schedule. The schedule should depict a realistic plan of when preventive maintenance tasks are to be actioned. Each of the PPM activities should be accompanied by a step by step guide of the maintenance to be completed. It is important to use photos and clear concise descriptions of the action required so any of the maintenance team can complete the task. The researcher has found that in both businesses some of the PPM descriptions are poor giving 2 main problems, (1) – if the description is poor and an experienced engineer/technician is required to complete the activity, this creates problems when staff turnover happens. It should be possible for a new employee to carry out the PPM with minimal past experience required. (2) – Poor PPM quality can also create an uncertainty regarding what is acceptable? 
The researcher has in his experience identified deficient PPM’s that could for example state: “Check brake pad”, sounds simple, however, what are you checking it for? Checking that is there, checking that it is not worn? What is worn and what is not? In this example it would be clearer for the PPM to state: “check brake pad wear” (4mm brake pad remaining minimum). This could be in a CMMS system but could also be a simple excel based format as illustrated below in Figure 11. The completion of PPMs on time should be monitored, see figure 12 below which shows % completion of PPM’s per week. Notice the change at week 17 where a more robust PPM schedule was introduced by the researcher.
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[bookmark: _Toc15384373]Figure 11 - Excel based PPM schedule
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[bookmark: _Toc15384374]Figure 12 - PPM tracker

The PPM tracker in Figure 19 is directly related to the schedule in Figure 18. The schedule is the plan and clearly identifies the activity to be carried out and in what week it is to be completed. The tracker gives the management team an overview of the PPM completion rate, best practice would achieve over 95% of PPM completed on time.
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[bookmark: _Toc64444424]Work Order System
All work carried out by the Engineering/Maintenance department should be formally requested via a work order system identifying the problem and the requestor. The purpose of the work order system is to record all critical information from an activity, this information can then be used to build trends relating to failures or action that may feed back into planned maintenance or identify repeat failures that need to be addressed.  The work orders should be completed by the engineer recording the corrective action type, time spent on the activity and by whom, parts used and hand back time.  See the example in Figure 13 which is a triplicate book paper-based work request form designed and rolled out at Greencore by the researcher. 
The researcher also rolled out the same process at Technip; it was rolled out prior to the CMMS adoption project. The researcher believes that the use of this simple paper-based system aided the roll out of a full CMMS, the simple system encourages a cultural change for the maintenance team as well as all of their customers. There are downsides to the paper system though, all data collected needs to be manually input into a database (excel) so that the information becomes searchable. From this simple data many things can be collected e.g. work nature split – reactive, preventive, HSE, etc.… It is also possible to get an indication of technician utilisation from the hours recorded vs hours worked.
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[bookmark: _Toc15384375]Figure 13 - Work order request form


As well as a work request form there should also be a clear procedure to define how the process operates, so it can be rolled out to an entire business easily. See Appendix (III) which shows a clear procedure defining how the work order process works. This procedure has been developed by the researcher, so data can be gathered to record performance metrics.



[image: ]
[bookmark: _Toc64444425]Maintenance KPI’s
The business should have some KPI’s that are used to measure the performance of the Maintenance/engineering function. These KPI’s should be regularly measured and displayed in an easy to interpret format. The KPI’s should be able to show you where the main focus of work is located and used to identify areas for improvement.
See the below examples from Technip as well as Greencore, both sets of KPI displays have been developed by the researcher within the limitations of the business data capture systems.
Oil & Gas KPI displays – Annual report
[image: ]
[bookmark: _Toc15384376]Figure 14 - MTBF & MTTR KPIs
Figure 14-17 show some of the basic KPI’s which were tracked within the Oil & Gas business. 
· Mean Time Between failure – The graph showing MTBF shows 9 production lines, in the line description the total running hours for the year are displayed as products were batch manufactured and made to order. The run hours are simply divided by the number of breakdowns to give a number in hours that indicates the expected runtime before a failure. This information can be fed back the planning department to more accurately plan project durations.
· Mean Time To Repair – The graph showing MTTR also shows 17 production lines. The mean time to repair is calculated by dividing the number of breakdowns by the number of downtime hours recorded. Combined with the MTBF information this assists the planning department to estimate project durations.
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[bookmark: _Toc15384377]Figure 15 - Cost of labour per asset
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[bookmark: _Toc15384378]Figure 16 - PPM completion on time per month
[image: ]
[bookmark: _Toc15384379]Figure 17- Cost of labour & spares

Example of how the cost of labour and parts used per asset could be displayed, in this format it is visible to see the cost of labour (orange) and the cost of spares used (blue). In the example above (Figure 21) labour is the greatest cost.
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[bookmark: _Toc15384380]Figure 18 – Greencore’s KPIs - weekly report sheet 1
In figure 18 (Greencore report sheet 1) the following is published:
· Top left graph – This shows the number of EWR’s (Engineering Work Requests) raised in the week as well as an indication to the quantity of facilities EWR’s in yellow.
· Top right graph – This shows the number of outstanding EWR’s (backlog) and from week 29 shows the split between production (green) and facilities (orange) tasks.
· Bottom left graph – This shows the MTTR for the overall plant
· Bottom right graph – This shows the MTBF for production lines 1 – 7 only. This was limited to lines 1 – 7 because they were the only lines which recorded downtime accurately by a barcode scanning system. Data for the other equipment and lines was not recorded accurately.
[image: ]
[bookmark: _Toc15384381]Figure 19 - Food Industry KPIs - weekly report sheet 2
· Top left graph in figure 19 – This shows the downtime reported as breakdown on lines 1 – 7 via a barcode scanning system, the data recorded by the engineering team is also plotted on this graph to compare data. 
· Top right graph in figure 19 – This shows the number of EWR’s closed in a week but they are also separated by area so the main draw on resource can be identified (in this case it is the production assembly area).
· Bottom left graph in figure 19 – This shows the PPM (planned preventive maintenance) tasks completed on time, as previously mentioned it is clear to see the improvement from week 17.
· Bottom right graph in figure 19 – This shows the results of a weekly 5s audit, this clearly identifies a trend of improvement in standards.
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[bookmark: _Toc64444426]Shift Report
A shift report should be visible to highlight critical work completed during a shift. See Figure 20 for an example of a shift report that the researcher has developed and used in similar format across both industries. The reason the researcher set up this report was to document the shift activities but also send out this report via email so when the researcher was offsite. Prior to the reporting process the researcher regularly got to work and struggled to find out what had happened during the previous shift. In addition, if there were out of office hour’s calls the researcher was able to review the report to get a clear picture of what had transpired during previous shifts.
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[bookmark: _Toc15384382]Figure 20 - shift handover report
The report is a basis for a shift handover (between technicians/engineers) but should be accompanied by a handover aid that will also cover outstanding priorities, etc. The researcher developed an SQ4M (Safety, Quality, man, machine, method & material) handover board which has been proven in both Technip & Greencore.  See Figure 21.
[image: ]
[bookmark: _Toc15384383]Figure 21 - SQ4M Handover board
SQ4M is an abbreviation for:
· S = SAFETY
· Q = QUALITY
· 4M = MAN – MACHINE – METHOD – MATERIAL
The addition of the 4M handover board was welcomed by the team as it gave clear direction for their shift. Issues that were raised by previous shifts could be seen with EWR number, who is responsible and when it should be completed. The material section of the board was particularly well received as the team could all see when parts had arrived for their outstanding jobs. The introduction of the 4M board also started a cultural change towards the prioritisation of work based on safety & quality rather than previously where the team worked on the task where the requestor shouted the loudest. 
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[bookmark: _Toc64444427]Organisation Structure, Clear Roles & Responsibilities
The department should have a clear organisation structure with roles and responsibilities documented for each role/function. See figure 22 which shows the maintenance team having two different functions, reactive or preventive. The idea behind this was to move away from reactive work by having dedicated technicians to work on preventive and proactive activities. The theory behind this organisational structure is to provoke a change in maintenance philosophy, whereas initially the team were 100% reactive in nature. However, the researcher wanted to develop the preventive and predictive culture in the team so dedicated technicians were to be assigned. The researcher believes that once this is developed the workload would change from mainly reactive to mainly planned and predictive over time. Unfortunately, the researcher was not in position long enough to see this develop.
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[bookmark: _Toc15384384]Figure 22 – Technip’s organisational chart
Prior to this all technicians had the same function and ended up working on reactive tasks 100% of the time. Figure 23 shows a little more detail around the function of each supervisory role. The aim of this Roles and Responsibilities chart was to clearly identify who is responsible for what. Prior to this being published the researcher found too much crossover between employees and departments, in fact there were numerous occasions where different employees or departments were working on the same task independently thereby duplicating tasks and wasting time and money.
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[bookmark: _Toc15384385]Figure 23 - Roles & Responsibilities
Further detail is also possible to alleviate any risk of employees being unclear of their function. For example, see the work flow slide in figure 24 from Technip which was developed by the researcher. The researcher published this so the maintenance technicians could understand what the information that they recorded would be used for. This had a positive outcome, the quality of the data improved once the team understood what it was to be used for and they could see the benefit.
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[bookmark: _Toc15384386]Figure 24 - Roles and Responsibility work flow
There are many ways to define the work process and the responsibilities of a function. See figure 25 which shows clearly what a Lead Engineer in the Food industry is expected to complete over a 24hr period. This was developed by the researcher to explain expectations to the Lead Engineers. Prior to this being published the researcher found that all of the shift leads worked in a different way, in fact some of them did very little in the way of leading a shift. Following the clear documented communication in figure 32 the lead engineers all understood the expectations upon their role and consistency between shifts improved as did communication between Production and Engineering. 
Before the expectation had been rolled out the researcher regularly found that his team were working on the wrong priority and production had a completely different range of tasks identified as their greatest impacts. The whole process from the handover activity became leaner, previously, the researcher had noted up to three engineers going to check boilers, meters etc Following the adoption of a clear process only one engineer would be assigned to checks and the others would be directed to the highest outstanding priority immediately at the start of their shift.
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[bookmark: _Toc15384387]Figure 25 – Lead engineer role timetable
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[bookmark: _Toc64444428]Training/Skills Matrix
A training matrix for the department should be present; the matrix should identify key skills and visibly show gaps between different employees to aid development of training plans for the department and individuals. See figure 26 which is an example of a simple training/skills matrix based on skills / competencies. The matrix was designed to show key skills across difference disciplines to develop the technicians into multi-skilled practices and remove demarcation from the department. The technicians are identified within the matrix as grade 1, 2 or 3 depending on the number of skills they hold. A small financial incentive was required as the catalyst for this process to start as Technip was heavily unionised and change was difficult to instil.
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[bookmark: _Toc15384388]Figure 26 - Training / skills matrix for employee competency
This document was used as an initial guide to the core skills required to become an all-round technician in Technip. The document resulted in a gap analysis of technician ability and was used as justification for training requirements. The information from this matrix was also used when recruiting for new positions within the maintenance department. The change to a more flexible multi skilled technician delivered a significant improvement as it reduced the number of engineers required on many tasks e.g. previously when changing an electric motor, a mechanical fitter and an electrician were required. The fitter was required to unbolt and uncouple the motor from the gearbox, as well as an electrician to isolate and disconnect the supply cables. Following the change to a multi skilled approach this example became a one-person task essentially saving 50% of the labour overheads.
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[bookmark: _Toc64444429]Approved Supplier List
An approved supplier list should be available, so it is clear who the department uses for procurement of equipment, spare parts and contracted services. The list should be a reference to all suppliers that are set up on whichever financial package or ERP system the business uses as a medium for placing orders and paying external suppliers. The get on this list as a supplier it is common that a financial check of the supplier will be carried out, see Appendix V which shows an example of an approved supplier list used by the Researcher. 
However, to be approved on the list as a contractor any business should deploy a pre-qualification questionnaire to a potential contractor asking for key information including proof of their ‘employers liability certificate’, see Appendix (VI) as an example of a pre-qualification questionnaire used by the researcher.
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[bookmark: _Toc64444430]Asset Technical files
It is important to have documentation for all assets and much of this is a statutory requirement or at the very least a recommendation by the machinery directive or the Health and Safety Executive (HSE). On joining the food industry, the researcher found that very little was available and accessing the information was difficult, the folder structure in Appendix (VII) was developed and populated with the relevant information. 
The use of this asset hierarchy style of folder structure helped to establish the strategy. The key reason that this is so important to the researcher’s strategy is because of information collection and availability. Without access to all information in an intuitive manner it is not possible to adopt any strategy at all. A clear test for any strategy is an external audit whereby an auditor from an external body will ask you to evidence your procedures and provide critical information, certification and records around assets. In the case of Greencore the business was audited by BRC (British Retail Consortium) and the researchers filing system held up to scrutiny.
The researcher also found that an existing procedure required updating to cover all legal and statutory requirements as well as identifying locations where the information should be stored. See the procedure in Appendix VIII which clearly identifies the process for accepting new equipment onto site within the Greencore.
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[bookmark: _Toc64444431]Budgetary Control
The engineering/maintenance department must have clear budgets and it is important to be able to review the budgets on a regular basis and track spends on individual assets or production lines. See figure 27 which shows a simple example of a budget tracker for specific equipment. 
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[bookmark: _Toc15384389]Figure 27 - Example of a simple budget tracker
Budget control is important within any business to avoid overspending and any subsequent impacts from that situation. However, within the maintenance engineering environment budget trending can be used to identify problem equipment, if a machine shows an increasing trend with its cost of ownership it would require further investigation. It could be for example that the machine is now costing so much to keep it operational that justification for replacing the machine is valid. Regular spikes in spend could also be attributed to a specific failure, if this is the case the failure should be identified, and the failure mode engineered out.
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[bookmark: _Toc64444432]Stock Control
This facet of the strategy is about being able to identify the spares that are held onsite, find the location of the part in a designated location and have a reorder process once the part has been removed from stores. This process could be part of an ERP (Enterprise Resource Planning) system like IFS which was used by Technip. This was linked to the IFS CMMS which made stock and cost information easily recoverable as a metric for the maintenance department. The system was also automated and once the stock level reached a minimum quantity a PO was automatically raised and sent to the Supplier, see Appendix XI showing a view of a stock control system.
There are also lower costs, faster to install IT options for stock control, Greencore was not as developed so the proposal is to install a barcode scanner system that would report to a storeman that parts have been used and need to be reordered.


As a pre cursor to the IT based system it is possible to control stock via a simple paper-based system, the researcher implemented a paper-based system to initially control stock Greencore. See the procedure flowchart in Figure 28.
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[bookmark: _Toc15384392]Figure 28 - paper based stock control system
Another consideration for spares is the value of spares kept on site, how do you know you have ‘critical spares’ available? As well as the finance team requesting a stock check/valuation on a regular basis. The researcher has found that once a stock control system is installed and usage can be tracked, a critical spares procedure can be developed to evaluate spares as they are procured. See Appendix IX which shows a critical spares evaluation procedure developed by the researcher for Technip. It’s a very interesting question, what is a critical spare? The procedure written by the researcher gives guidelines to help identify what is a critical spare for a particular business. It is based on cost, lead time, impact of failure etc. for example: if you had one large pump onsite which would bring the whole site to a stop if it failed and the lead time for a replacement was 16 weeks, you would want to keep that pump onsite whatever the cost. However, if you could get that pump next day delivery and it cost £50k you might not want to hold it in stock unless your potential losses were estimated to be beyond the £50k.
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[bookmark: _Toc64444433]5S Culture
Visual inspections were carried out to determine if the companies had a 5S policy. The 5S procedure is a process of defining the normal to see the abnormal. A 5S culture can be at many different levels within an organisation so the measure of this section of the strategy is to have a metric against progress. The researcher has developed a 5S check sheet in the form of a weekly audit which gives a score that can be tracked. See figure 29 which shows the trend (financial year 2018) within the engineering department of Greencore.
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[bookmark: _Toc15384393]Figure 29 - 5S audit tracker (Food industry)
The check sheet developed is in a simple excel format but also displays a spider graph to pictorially illustrate the strong and weak areas of the philosophy. See Appendix X, which shows the template for gauging the maturity level of the 5S culture within an engineering maintenance department. Also see Figure 30 which depicts a spider graph of the 5S culture within the Greencore case study.
The researcher introduced the 5S audit and methodology to improve the organisational performance of the maintenance-engineering department in both businesses. Prior to this being measured the workshop was always a mess, it was difficult for engineers to find tools and equipment as they did not have a specific location. The main reason for 5S introduction was that some of the machinery downtime could be accredited to engineers looking for parts or tools, so the audit was introduced to remove this waste. The systematic corrective action to this problem is to clean up, get organized and make this the way you do business. In other words, it is time to implement 5S: 1. Sort. 2. Set in order. 3. Shine. 4. Standardize. 5. Sustain.1 5S is systematic and organic to lean production, a business system for organizing and managing manufacturing operations that requires less human effort, space, capital and time to make products with fewer defects. It creates a work environment that is disciplined, clean and well ordered. 
This “there is a place for everything and everything is in its place” type of organization, characteristic of companies such as Toyota, the pioneer of lean production, exposes inefficiencies and disruptions in workflow so these problems are no longer hidden and can be solved. When 5S is properly implemented, it creates a visual factory that allows for quick determination of the workplace status. At a glance, managers and supervisors can see when things are out of order, production has fallen behind or stalled, or WIP is not where it should be (Chapman, 2005) 
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[bookmark: _Toc15384394]Figure 30 - 5S spidergraph
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[bookmark: _Toc64444434]Root Cause Analysis with a clear trigger point
RCA can help to remove operational risk and proactively remove the chance of a repeat failure. It is important to understand fully the actual failure mode to either preventively avoid the risk with a maintenance plan or to remove the risk all together potentially by an equipment modification. 
It is necessary to have a Root Cause Analysis (RCA) process that has clear guidelines for the trigger point of an RCA investigation. For example, see the criteria used within Greencore below:
ROOT CAUSE ANALYSIS (RCA) JUSTIFICATION AND CRITERIA
· Engineering will complete RCA where the duration of a single breakdown is greater than 120mins of downtime.
· Engineering will complete RCA where an item of equipment has been identified as suffering the same failure mode 3 times or more in a 12 month period. This will be based upon data and failures captured by the Engineering Work Request (EWR) system ENGPRO007.
· Engineering will complete RCA where the availability of equipment is less than 85% of the planned production schedule. 
· Engineering will identify the cost of damage which may lead to RCA. 
· Engineering will identify the cost of equipment set-up errors which may to RCA.
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[bookmark: _Toc64444435]Computerised Maintenance Management System (CMMS)
A CMMS system is an expensive option but allows data to be interrogated easily, A CMMS is an effective tool which can support decision making with the objective of reaching a world class manufacturing status according to Labib, (1999). The researcher believes that a CMMS is essential in large businesses and in his experience has an advantage if the CMMS is part of an overarching Enterprise resource planning (ERP) System. Within Technip the CMMS was a module of an ERP system called IFS (Industrial & Financial Systems), however, with Greencore the group were part way through rolling out an independent CMMS system called Mainsaver. 
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[bookmark: _Toc64444436]Change Management Procedure
A documented procedure should exist to control any operations that are outside of normal working practices or capture the details of any machinery modification. 
A change management procedure is required to document the evolution of equipment, by following a structured process you will identify when equipment was modified, create revised drawings and potentially have the equipment/machine re CE marked or PUWER (Provision and Use of Work Equipment Regulations) assessed.
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[bookmark: _Toc64444437]Total Productive Maintenance (TPM)
TPM should be established with documented work instructions that involve the operators, operators should learn about:
· Performing daily checks
· Simple lubrications tasks
· Replace simple components
· Perform minor repairs
· Assist in problem solving
See the example of a TPM check sheet (Figure 31 & 32) which was developed within Technip.
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[bookmark: _Toc15384395]Figure 31 - TPM checksheet
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[bookmark: _Toc15384396]Figure 32 - TPM checksheet
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[bookmark: _Toc64444438]Failure Mode Effect Analysis / Failure Mode Effect & Criticality Analysis
An FMEA or FMECA study is a key part of the researcher strategy as it shows a clear understanding of the equipment. See the example below of what an FMECA study could look like, this was the format used in Technip.
Purpose of FMECA
The FMECA process provides a method of assuring the design, engineering, procurement, fabrication and operation of an item are undertaken to meet the design specification and intent. The responsibility of the intended FMECA is owned by the maintenance team as in this case it is aimed purely at the machinery and not at the process. The reason the researcher added this to the strategy at this point is because most of the infrastructure should now be in place, procedures, CMMS, organisational issues, etc. Identifying potential component failures or obsolescence issues means they can be added to the spares inventory proactively as well as their usage can be tracked accurately. 
A robust FMECA assists in identifying and validating how an item operates and more importantly, should something unwanted occur, how it fails.
The FMECA is only as good as the information provided and the knowledge and expertise used to develop it. Ensuring the involvement of the correct specialist resource(s) is key to the FMECA process and value therein. Under existing safeguards, the assumption has also been made that all operational, maintenance and inspection activities have/are being carried out by competent personnel and at the frequencies specified.



 

























[bookmark: _Toc15384397]Figure 33 - Manufacturing process flow chart for VHAM



30 t cradle overview.
See manufacturing process flow for Technip’s overall VHAM machine in figure 33. There are 18 x 30 T cradles fitted to the base of the VHAM. Each of these cradles has 5 electrical control panels, a pneumatic brake assembly and associated controls to apply tension to the product when cradle is being used in brake mode, a load cell to measure load from reel when being operated in load cell mode, a radiating co-axial cable ring to allow data transfer between the turn cradle and a fixed receiver and an 8 pole slip ring system to transfer electrical signals to the turn cradle during rotation. The rotation of reel pay off and turn cradle rotation are controlled by Powerflex inverter drives mounted in separate electrical control panels. See matrix in figure 34.
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[bookmark: _Toc15384398]Figure 34 - 30t cradle FMECA matrix
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[bookmark: _Toc64444439]PPM review process based on reactive data
The maturity of an organisation can be deemed by the PPM review process.  An important part of continually improving the effectiveness of a PPM process and therefore in theory improving the reliability and planned availability of equipment. See Appendix XII which indicates the PPM review process that the researcher developed for use within the Oil & Gas business. The reason that a review process is required is to continuously improve the effectiveness of the planned maintenance.
For example, if the preventive maintenance plan for a machine is review annually and the data recorded in a CMMS is used you will identify all of the breakdowns that have occurred during the year. Using that information, is there anything you can implement that would have reduced or eliminated those failures? If so, change the PPM, it might be as simple as replacing a bearing every 12 month because you can prove it fails every 13 – 14 months anyway. If you update the PPM instruction to include this bearing replacement the unplanned downtime for that failure mode should be as near as zero as possible. 

[image: ]
[bookmark: _Toc64444440]Management System: How to operate daily, weekly, monthly & annually
This can be as simple as a procedure outlining how the department works, see the figures below which show how the maintenance department within Technip operated. Although the process is not perfect it was continually updated and amended to reflect the current practice in the department. It is good practice for this document to show all inputs and outputs from the department, this will enable auditors, new personnel and the like, to see an overview of the operation.
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[bookmark: _Toc64444441]Robust MTTR & MTBF
Using the metrics of Mean Time Between failure (MTBF) & Mean Time to Repair (MTTR) will give you a clear indication on plant availability. Once you have a few months of data you can also feed this information back to the planning schedule e.g. you can forecast as a mean value the amount of time you predict that an asset will be unavailable. This also can be displayed as a Pareto or in order of plant criticality to focus on solutions for the root causes of the issues. See figures 35 & 36 which show MTTR and MTBF for some of the equipment within Greencore.
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[bookmark: _Toc15384400]Figure 35 - MTTR for Greencore
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[bookmark: _Toc15384401]Figure 36 - MTBF for the main 7 assembly lines in Greencore
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[bookmark: _Toc64444442]Condition Monitoring (predictive)
Using condition monitoring techniques within a manufacturing business is the best way to predict failure and plan remedial works rather than the unexpected breakdown that interrupts the planning schedule and costs business financially. The most common type of analysis tools used for prediction of failure are Vibration analysis, oil analysis & thermographic surveys however, there are others suitable to a particular measurement need, Figure 37 is an example of a thermographic survey that has detected a slight issue with a distribution board. 
[image: ]
[bookmark: _Toc15384402]Figure 37 - Thermographic survey
Appendix XIII shows Oil analysis report highlighting debris in a gearbox, as well as an early indicator of wear in the gearbox this type of analysis can also save business money. If the oil is analysed and found to be clean and in good condition there is no need to change it as may be indicated on a service / PPM schedule, this is a step towards Condition Based Maintenance (CBM). 
Also see Appendix XIV and XV which show reports from a vibration analysis survey used to monitor the condition and of a bearing and a gearbox respectfully.



[image: ]
[bookmark: _Toc64444443]Individual Asset Reliability Analysis.
Here in Figure 38 there is also an example from Technip, which is slightly more advanced than basic MTTR & MTBF as shown previously from Greencore, due to the data available from the CMMS. The MTTR and MTBF are both specific to production lines and hence give a more accurate metric for the performance and availability/reliability of equipment, therefore this is more useful for the planning schedule.
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[bookmark: _Toc15384406]Figure 38 - Annual MTBF & MTTR report from Technip
However, this is the only example the researcher has achieved in practice, but the next evolution of this data would be to create a more granular integration of equipment down to each specific asset on the equipment hierarchy. To achieve success in this area of the strategy it is individual availability data that is required to gain 3 points. That said, it does not need to be every single asset on the asset hierarchy. If for example a business had a clear list of assets identified as critical assets indicating why they are critical e.g. bottle neck process, only one available, etc.…the individual information for each of these assets would be sufficient to achieve a score of 3 on the researcher’s strategy matrix.
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[bookmark: _Toc64444444]CapEx Management Procedure
The researcher believes it is critical to have an accurate documented forecast of what items of equipment or improvements are required and prioritised for the Business’ CapEx budget. This also gives focus on what budget is required for the next financial year when asked by finance to provide a justified budget for the following financial year. See the procedure in figure 39 and 40 which was written by the researcher for the food industry business to establish a clear budget for future improvements and new equipment.
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[bookmark: _Toc15384407]Figure 39 - CapEx procedure
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[bookmark: _Toc15384408]Figure 40 - CapEx procedure
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[bookmark: _Toc64444445]Equipment Standardisation
This is about standardisation of equipment; to reach this level of maturity within an organisation the business should have a documented standard (ideally part of a procurement spec) of which manufacturers of equipment/components can be used on site. For example, the researcher had standardised on Allen Bradley controls equipment in Technip. The reasons and benefits may include but are not limited to the following:
· It is easier to arrange a support service with a single manufacturer – for example Rockwell offer a support contract for all of the Allen Bradley control equipment. The support contract can include guaranteed spares delivered to site within an agreed time frame.
· Engineer phone support 24 hours a day
· An Engineer to site within an agreed time frame
· Repairs to parts or replacement.
· Equipment reviews/surveys to predictively highlight equipment / component obsolescence.
Another benefit of standardised equipment is related directly to the engineering/maintenance personnel. If the types of component like the controls equipment mentioned above are limited, it means that the training and knowledge of the engineers is more focussed. The researcher has been in difficult positions previously due to multiple different PLC’s on a site which meant huge knowledge gaps within the maintenance team.
Another benefit of standardised equipment could be the cost, if you purchase equipment from one manufacturer it will be easier to negotiate a higher discount which directly reduces the cost of ownership of an asset.
Obviously, this should be applied to many items and not just controls equipment, for example:

· Bearings
· Drive belts
· Motors
· Gearboxes
· Lubricants
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[bookmark: _Toc64444446]Asset Life Cycle Analysis
Asset life cycle analysis is something that the researcher has never actually completed to date in his career. Therefore, the researcher’s idea of what it entails is theoretical, to illustrate what the researcher seeks to achieve and what is meant in this strategy component. Figure 41 shows the life cycle of an asset from cradle to grave, however, it is clear that multiple facets lie behind each title and sub-title. Therefore, to analyse the full impact of ownership all of these should be considered from a cost and business impact point of view.
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[bookmark: _Toc15384409]Figure 41 - asset lifecycle





Chapter 5
[bookmark: _Toc64444447]Case Studies
[bookmark: _Toc64444448]Case study 1 – Introduction (Oil & Gas business)
In 2016 an improvement project was started with Technip, the aim of the project was to improve the maintenance operation, devise a maintenance strategy and consequently reduce the associated costs. This would also progress the business to achieve an improved return on investment and improve asset availability and reliability. The road map to this goal was defined with three distinct phases evenly distributed at 12, 24 and 36 months.   This report will reflect upon and discuss the first 12 months of the project, phase one. The aim was to identify and implement the foundations for the progression to the subsequent phases, which would allow for a more robust application of modern and advanced maintenance practices. 
[bookmark: _Toc64444449]Scope
The scope of the first phase was clearly defined with eight distinct components: 
1. Standard terminology
2. Measurable KPIs
3. Clear roles and responsibilities
4. Identify TPM activities (i.e. operator maintenance, linked to objective 3) 
5. Identify 5S improvement activities (linked to objective 3, 4) 
6. Develop standard operating procedures 
7. Create Root Cause Analyses ‘tool kit’ 
8. Introduce the RAMS methodology (this will support objectives 1-7)
The reporting and work structure of this phase of the project was:
· A Research Associate on site at Technip four days per week.
· Support from Professor David Baglee, coordinating all activities with the Global Maintenance Manager, and reporting to the VP of Engineering. 
· Regular updates to the Executive Team as to the findings and progression, in addition any further requests or modifications from the Executive regarding the project were communicated within these reviews.
From the initial start of the first phase, the executive team introduced an amendment to the plan and requested the inclusion of the IFS Maintenance Module (CMMS of Technip Ltd.) 
[bookmark: _Toc64444450]IFS maintenance module
[bookmark: _Toc64444451]Analysis
Systems analysis was carried on the entire process relating to the collection and input of data to the IFS package. This included, input from a number of technicians, an investigation into the different data gathering methods, detailed analyses of the flow of data into, and information out of the system including a detailed analysis of the different reports produced.  This data was analysed using a number of tools, in an attempt to clarify the most appropriate modifications that could be considered.
[bookmark: _Toc64444452]Output
After this stage was completed and detailed analyses provided to the management team, it was agreed the following actions should be undertaken.
1. Run time counters added to operating assets.
2. A range of improvements to the IFS system should be identified and investigated as to their possible introduction.
3. Technician’s data entry methods needed to be modified.
[bookmark: _Toc64444453]Deliverable 
With the exception of the technician’s data entry methods the rest have yet to be fully introduced. The reason is due to the continuing role out of run time counters and the elongated change route, costs and methods relating to changes to IFS. Although a front end for KPI display of IFS data was introduced in March 2017, this enabled the raw data to be displayed in a usable format. See figures 42 - 46 below:
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[bookmark: _Toc15384410]Figure 42 - first page of Technip dashboard – depicting all of the equipment in the business, red is cost of spares and blue is cost of labour.
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[bookmark: _Toc15384411]Figure 43 – Second page of dashboard – depicting each factory unit as well as mobile equipment which could be anywhere.
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[bookmark: _Toc15384412]Figure 44-Third page of dashboard – depicting process each line within a factory unit or group of mobile equipment
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[bookmark: _Toc15384413]Figure 45- forth page of dashboard – depicting each specific machine again by spares cost and labour
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[bookmark: _Toc15384414]Figure 46- detail work orders available on dashboard – there is no need to try and read this it just indicates that the final drill down gives a detailed report of the actual intervention (work order) which is written by the maintenance technician.
A specification was written by the maintenance team for the displays above and submitted to a third party to configure the dashboard, see the spec docs in Appendix I : Labour Hours overview & Appendix II Repair cost overview.
[bookmark: _Toc64444454]Standard Terminology
To ensure clarity in the reporting and targeting of future activities, utilising standard terminology was seen as fundamental. It would help standardise the terms used and aid in capturing and identifying the activities of the maintenance department, and support reliability engineering activities.
[bookmark: _Toc64444455]Research & Analysis
Extensive research and analysis were undertaken to investigate the most appropriate approach and resultant terminology. Considerations were given to alignment with standards, and then the requirement to reflect actual activities within the operation of the business. Apart from literature and standards research, the team undertook brainstorming activities, consultations with technicians and supervisors.   A detailed investigation on which definitions should be selected and how best to implement the new definitions was carried out. 
[bookmark: _Toc64444456]Output
The output from this activity resulted in new standard terminology that both aligned with standards and reflected the operation of the business, they also allowed for a categorisation that should enable reliability engineering to be supported. In addition, the method of input and selection in IFS was confirmed and changed.
[bookmark: _Toc64444457]Deliverable
New standard terminology was identified and from January 2017 it entered operation to categories activities. Starting from January allowed for technician’s communication and absorption of the new terminology, in addition IFS needed to be modified to allow the new terms to be selected and attached to work orders.
[bookmark: _Toc64444458] Measurable KPIs
To enable performance measurement and support continuous improvement within the operation the identification and application of measurable KPI’s was essential. 
[bookmark: _Toc64444459]Research & Analysis
In-depth research was undertaken to assess all possible KPI’s within the maintenance realm and their applicability and robust extraction in relation to the Technip Operation. Core to the selection of the KPI’s were the following:
1. The required data to be available and extractable within TU
2. Chosen KPI’s had relevance to the operation and could support management decisions regarding asset improvement.
In addition to selecting appropriate KPI’s to track there was also a requirement to set targets to measure the KPI’s performance. With the view that these targets would allow for a degree for improvement motivation to take place, and a means to track improvements or degradation of the deployed assets.  
Selecting the KPI’s and target levels required many meetings with other sites around the world (Angola, USA, UK & France). An in-depth analysis was required to confirm what each site was able to measure, and if it could be measured in the same way as no previous targets / KPI’s existed. 
[bookmark: _Toc64444460]Output
Five KPI’s were identified and the robust extraction of data to populate them confirmed, see defined KPIs below:
Defined Global Maintenance Definitions for Technip
KPI 1 -Technip MTTR
Mean Time to Repair for a given machine (asset) and production line.
MTTR = 

MTTR for Technip would apply only under a Corrective Breakdown activity.
Where the Total Number of Maintenance Technicians Hours = The sum of actual time of all technicians who worked on the Works Orders (Repairs), including diagnosis and repair, but excluding waiting time for parts, interim machine operating time while works order was open, or any other time that was not just actual technician time period of time, initial target weekly.

Compiled From:
This metric would be achieved by observing the total logged hours of maintenance technicians time against repairs (Works Orders) for a given production line for a given period of time, initial target weekly.
The number of repairs would be the count of all works orders for a given production line for the given time period (initial Weekly). 
Example:
If Production Line A requires the following support from Maintenance:
·  Work order 1 requires 2 technicians together on one day for 3 hours – Total 6hrs
·  Then Work order 1 requires 1 Technician on a different day for 2 hours- Total 2 hrs
·  Then work order 2 was raised which required 2 technicians for 1.5 hours – Total 3 hrs
·  Then later that day work order 2 requires 1 technician for 1 hour. - Total 1 hr

Works order 1: 6hrs + 2hrs (8hrs) + works order 2: 3hrs + 1hr (4hrs)           12Hrs total
Number of repairs (works orders)                                                                  2 Works orders
MTTR= 6hr

KPI 2 -Technip MTBF
Mean Time Between Failure for a given machine (asset) and production line,

MTBF = 

Where Total Production Time is actual run time while producing product.

Compiled From:
Initially production time will be supplied from production data, however, as runtime counters are attached directly to the machines this actual run time will be used. Frequency of the metric will initially be weekly per Production Line.

KPI 3 -Technip Maintenance Labour Cost
Total Labour Cost for a given machine (asset) and production line in local currency

Where the labour cost is the cost of technician time against a machine and production line. Frequency of reporting would be on a weekly basis and reported initially in the local currency.
Compiled From: 
The logged Total Number of Technician Hours per production line multiplied by the appropriate hourly rate.

KPI 4 -Technip Maintenance Material Cost
Total Material Cost for a given production line due to maintenance activity in local currency.
Where the total material cost is parts used or added to a production line. Frequency of reporting would be on a weekly basis and reported initially in the local currency.
Compiled From: 
The logged parts used, added per production line for the given period.
KPI 5 – % PPM completion on time
Adherence to the Planned Preventive Maintenance schedule displayed as a %.





In addition, the target levels were identified using the median point so to exclude data outliers, this was tested against the data to confirm realistic expectations. Delay in identifying target levels was to utilise all of 2016 data and therefore allow the most representative population and resultant targets.

Overall a strategy was defined that is illustrated below in figure 47, the strategy can be evaluated to give a score or % completion with the end goal being world class maintenance as defined by the researcher and this project.

[bookmark: _Toc64444461]Deliverable
Three of the five KPI’s have been reported from August 16 with targets applied from January 17, the two remaining KPI’s as of the end of March 17th 2017 were available through the OBIEE Dashboard.





[image: ]

[bookmark: _Toc15384415]Figure 47 - Technip strategy evaluation

[bookmark: _Toc64444462]CASE STUDY 2 – The food Industry 
[bookmark: _Toc64444463]Introduction
When the researcher started work at Greencore, the plant did not have a strategy, therefore the researcher sort to introduce the same as Technip’s strategy. The aim of this chapter is to describe how Greencore evolved over a 12 month period. The researcher will not cover every single aspect of the strategy deployment but will discuss the key areas of implementation and change.
[bookmark: _Toc64444464]Introducing the strategy
As mentioned in the introduction to this chapter there was not a strategy in place within Greencore when the researcher first accepted the role as ‘Engineering Controller’. There was a maintenance department (called Engineering) that operated breakdown maintenance and there only medium for data capture was a handover book which consisted of very little and inconsistent information. There was a basic stores area, but the stock control was not effectively managed. As there were no work order system jobs were requested verbally meaning many were forgotten about. The result of this type of operation meant that the department’s customers had a poor opinion of the engineering maintenance department. There was also a team leader for each of the 4 shifts but they did not know what their role was and all did different things if anything at all towards leading the team.
Initial thoughts after joining Greencore.
The researcher used the first month at Greencore to evaluate the maintenance practices. There was no documented strategy or procedure for how the department operated. There were no KPI’s identified and no data collected with the exception of budgetary spend which unfortunately was overspent and poorly managed. See Figure 48 which shows a very basic SWOT analysis of the researcher initial thoughts.
[image: ]
[bookmark: _Toc15384416]Figure 2 - Initial SWOT analysis at Greencore
Strategy Implementation
Step 1 – Asset Hierarchy
The researcher believes this is the most important stage of all, hence it is addressed first. The reason the researcher believes this should be first is because every other stage of the strategy is linked to the asset hierarchy. Unless an accurate list of equipment is available it is not possible to know if you are maintaining all of the equipment, the asset hierarchy also creates a basis for data collection in an intuitive manner. After the first month in the food industry the researcher began to implement the strategy from Technip. It was apparent that information was not being collated in any central point regarding assets. Hence, in line with the strategy the initial action was to create an asset hierarchy folder structure for capturing and storing all asset information and certification. This highlighted lots of gaps where certification was missing e.g. – CE certification, PUWER assessments, risk assessments, drawings, etc.… however, populating the folders had begun and this will be an ongoing task within that business, it is critical to keep all records up to date.
Step 2 - Procedures, RAMS & Contractor Management
Procedures - Upon reviewing what existed in the business QMS (Quality Management System), the researcher found that minimal procedures existed and what did exist did not reflect current practice. Much of this documentation is a legal requirement, hence, once clearly identified within the asset hierarchy it was a high priority (stage 2) to complete. Document control was also very poor, most of the document templates used around the department did not have a number and was not revision controlled, and this is something an auditor will raise a NCR (Non Conformance Report) for. Over the course of a year the researcher wrote many procedures to reflect current practice within the department, the current practice at that point was in line with the researcher strategy.
RAMS (Risk Assessments & Method Statements) – there were only a few Risk Assessments available and this was a risk for the business. The researcher created a register for RAMS which followed the format of the asset hierarchy, using the asset hierarchy for this ensures that equipment is not missed. The plan was to complete all of the RAMS over a 12 months period.
Contractor Management – Unfortunately before the researcher had time to review this procedure an external audit from a client identified deficiencies with the procedure. The auditor had found that the hard copy of the procedure was not a controlled document, it did not reflect current practice and there was poor control of the locks used. Following this audit, the researcher rewrote the contractor management procedure and that procedure can be seen in chapter 4 of this report.
Step 3 – PPM Schedule
There was actually a PPM schedule in place, however, the process was not robust or realistic. As there was now a hierarchy in place and legal compliance was being addressed PPM was next to address the meet the client’s expectations and assure care of the assets (first line preventive maintenance). There were in fact over 1000 PPM activities planned but only about 20% of the plan was achieved. Missed PPM’s were not identified or reported anywhere, if a PPM was missed in the week it was planned, it simply disappeared and would never be completed. This meant that realistically most of the kit onsite was not being maintained and was therefore running on breakdown maintenance only. 
In order to address this problem, it was essential that the PPM process was changed into a more manageable system. The reason there were so many PPM’s is because each individual machine had multiple PPM’s, the researcher grouped the PPM’s into machine lines following the asset hierarchy and then split them into manageable durations. This meant that the number of PPM’s reduced to around 100 (10% of the original number), even though the workload was very similar. This process did identify that approx. 10% of the PPM’s in the system were for equipment that no longer existed, these were removed altogether. A new PPM schedule/tracker was created in excel (explained in chapter 4) whereby any overdue PPM was clearly identified so not forgotten. Following the introduction of the new PPM procedure adherence to the schedule was improved and hit 100% for 14 weeks out of the first 16 weeks.
Step 4 - Work Order System
Introduction of a work order system was critical to get some kind of metric on what work was carried out on a shift by shift basis. This is stage four, so the researcher could identify issues on particular assets and feed that back into the PPM system to improve preventive maintenance plans. It was a huge cultural change for the employees at Greencore, getting the message across that every activity which required maintenance support needed to be formally requested, took some time. Prior to the work order system engineers were just called on the radio and had to attend a job immediately, nothing would be recorded about 90% of the jobs that had been completed. A few jobs were mentioned in the handover book, but this was not a true reflection of the work completed. What the researcher didn’t know at this point was actually how busy or not the engineers were as nothing was captured, once up and running data was able to be extracted to give a utilisation percentage for each engineer.
When the system went live the department received approx. 400 work orders per week for the first few months and then it gradually reduced to approx. 230 per week once established.
Maintenance KPI’s
The KPI’s were agreed for the engineering department in line with the data that was now being captured. The KPI’s were initially:
· EWR’s raised
· EWR’s closed
· EWR’s outstanding
· PPM completion on time
· MTTR for overall plant equipment
· MTBF for lines 1 – 7
Shift Report
When the researcher started at Greencore it was unclear what had been completed from shift to shift except what may have ended up in the paper handover book as mentioned earlier. The researcher found that he was coming into problems most days without any prior knowledge. Clear communication is critical; hence, this was the next step so a picture of the current business/department situation could be gauged at shift handover.  To resolve this issue the researcher created a template for a handover document that the lead engineer would send out at the end of every shift, with this in place it meant that all stakeholders could be kept up to date with issues even when outside of working hours. 
Stock Control
Stock control of spares was poorly managed when the researcher first reviewed the initial maintenance practices at Greencore. It was a regular occurrence for a breakdown to become a major business impact because the spare required had been used and not re-ordered, equally, it was also common for a shift not to be able to find a spare but the next shift in would find it immediately. The reason this was tackled next was because it was identified as ‘low hanging fruit’ which could deliver improvement to the MTTR in the case of larger breakdowns. This was evident from information shown in the work order system and the shift reports.
The researcher introduced a simple procedure to improve stock control:
· New racking installed to allow more efficient storage and use of space.
· Computer with parts database installed into the stores area, so the technicians can find specific part locations.
· Written procedure on how to book out parts, a simple ‘T’ card type system to flag usage.
· An order proforma for the addition of new critical spares, or one-off orders.
Further Strategy Progression
As you can see in Figure 49 other areas of the strategy were undergoing implementation but the main areas of tangible improvement to the maintenance function have been identified and described above.
Strategy Overview
Figure 49 shows the progress made during the researcher’s time at Greencore; some of the main fundamentals of the researcher’s strategy were established. For a business that was in a poor state with regards to engineering maintenance strategy and functionality, great improvements were made. The improvements displayed and discussed throughout this thesis were acknowledged as a significant improvement by the British Retail Consortium (BRC) during their annual audit of the site. They were comparing to their previous audit which occurred just prior to the researcher starting work with Greencore. 



[image: ]
[bookmark: _Toc15384417]Figure 3 - Strategy Pyramid showing progress in Greencore




[bookmark: _Toc64444465]5.8 Analysis and findings DEPICTING OPERATIONAL differences.                                                             
[bookmark: _Toc64444466]5.8.1 Introduction
The aim of this chapter is to identify the differences between Technip and Greencore. The researcher will describe the impact that the differences have upon the maintenance engineering function in each business.
[bookmark: _Toc64444467]5.8.2 Operational Differences
Although both businesses are manufacturing facilities, they are completely different. Technip manufacture larger umbilical cables potentially weighing hundreds of tons, these are bespoke, and the manufacturing process can take months for each item. However, Greencore manufactures ready meals to supermarkets and produce up to 600,000 units per week. 
Financially both businesses think differently, the margin on a product in Technip’s marketplace is large and can be in the millions whereas the Greencore’s food business has a very small margin and is dependent on volume. With this in mind the researcher found that investing large financial sums in Technip was not as restrictive as in Greencore. Greencore also has many competitors, but Technip has fewer competitors hence the profitability can be higher.
When considering the equipment differences, the reality is that the greatest difference was the scale of the machinery and associated risks, e.g. working at height was more common at Technip and the equipment was heavier bringing greater obstacles during maintenance interventions. That said, many of the technologies were the same, controls systems, hydraulic systems, pneumatics, etc.… The levels of complexity were higher at Technip for example a production line could involve multiple controls systems (PLC’s) that require a handshake between each one and feedback; control tension, crush pressures and other process critical parameters. Whereas the lines within Greencore were a simpler although that was partially the result of minimal investment as I came across many potential process improvements that could have automated many of the food industry process lines. One point to note although not particularly relevant is that the food industry would be much more adaptable to automation because of its repetitive nature and scale of product.   
Within Technip it was easier to find a time for planned interventions during operational hours because the process of manufacturing an Umbilical was not as lean and had natural gaps in processes where machines may not run for many days in a row. The downside of that is when they do run any downtime has a huge financial impact. Financial penalties could be applied by either of the business’s clients but on different scales, e.g. If a complaint arrived from a supermarket the cost could be a £1 or £2 to recoup the cost of the meal, however, late delivery to an Oil & Gas client could be Millions to recoup the cost of lost production (of Oil or Gas) as well as delaying shipping at a cost of approx. £20k per hour.
The size the facilities are greatly different, Technip is a large site with 5 factory units manufacturing different products whereas, Greencore was 20% of the size with one factory unit only.
[bookmark: _Toc64444468]5.8.3 Impact on the maintenance department
The scale of the sites has an impact on response times, Technip had multiple workshops but only a small team, so moving technicians between locations could be a problem as well as setting the correct priorities between different factory units. The maintenance function within Greencore are far more reactive and will jump on a line with the mentality that the fastest possible Elastoplast is the best solution rather than a thorough permanent fix as in Technip. Most permanent repairs within Greencore were completed outside of operational hours. Technip however was a 24/7 operation, so this had an impact on throughput. whereas Greencore did not manufacture at a weekend, unless there was a high customer demand e.g.’ promotional offers in supermarkets, Chinese New Year, etc.…
One key thing between the two businesses is cleanliness, the food industry (Greencore) is highly regulated, and all technician/engineers need to be trained in food safety. During any maintenance intervention every component or part must be accounted for to make sure it does not end up in the product, for example a bolt in a meal. Although a bolt would be identified when the meal passed through a metal detector prior to final packaging there is still a risk. Greencore did not have X-ray machines on site, so plastics also need to be carefully managed and accounted for, other risks include ‘glass’ where no glass was allowed on the shop floor. Other risks include allergens, there were no nuts allowed onsite, documented and physically restrictions were enforced where allergens were present. If the engineering team had carried out any work on a machine the machine needed to be signed off as clean and fit for use by Technical department who would be responsible for approving the cleanliness of the equipment. The hygiene department reported into Technical and they would be used to clean equipment to the required standard before production could recommence.


Chapter 6
[bookmark: _Toc64444469]Conclusion
[bookmark: _Toc64444470]Introduction
The aim of this chapter is to provide a conclusion to each of the research questions initially posed by the researcher. The initial research questions which were developed to satisfy the overall research aim were:
RQ1 –	What is maintenance strategy and how has it developed?
RQ2 –	Can the same maintenance strategy which was developed by the researcher be used between Technip & Greencore?
RQ3 –	What are the differences and limitations of using the researchers Technip based strategy within Greencore?
[bookmark: _Toc64444471]Research questions answered
RQ1 – What is current maintenance strategy utilised within the Oil and Gas Industry and how has it developed?	
As answered in Chapter 4:
An engineering/maintenance strategy is in simple terms a road map showing what is required to develop a high functioning engineering maintenance department within a manufacturing business. The strategy should be a clear plan of how to achieve the most effective asset care process with maximum availability, maximum equipment longevity and the minimal overall cost of ownership of the asset during its operational lifecycle.  The strategy shown in figure 4.1 is what the researcher has developed over years of working in manufacturing, mainly in the Oil & Gas sector. The format the strategy has been displayed in has been a big success of this research.   Each segment of the strategy is a key element in the development of a maintenance department and an overall score can be identified to show the maturity of the department’s capability. The reason for a strategy is show a clear development plan that can be followed to achieve a highly effective maintenance function. Without a strategy it is not possible to measure departmental progress, and as a communication tool the strategy is unrivalled in showing the team how they operate and what progress will look like. Strategically managed maintenance contributes to the effectiveness on a business.
Within both businesses that the researcher has worked a strategy has proved to be very valuable. It has been important for the research her to be able to show how the maintenance engineering department intends to develop. To have a clear plan/strategy is important for the whole business, not just the maintenance department. Having the ability to show other departments and stakeholders the vision enables other to align with the strategy and avoid duplication of work. The researcher has found that it is common for multiple departments to be working on the same thing (maybe in a different format) which is a waste of time and duplication of data. It is more efficient to have one department formatting data that will suit all stakeholders.
Strategy development in the researchers Technip based role
When the researcher began employment at Technip there was no strategy within the maintenance department, as discussed earlier there was very little in place and preventative maintenance was not being adhered too, no work order system, poor stock control etc.…
After the researcher started working at Technip the initial strategy item to be put in place was a work order system. Following that the next item was the asset hierarchy, the need for the asset hierarchy was driven by preparation for the installation of a CMMS system. The researcher learnt at that point that the first step in any strategy in his opinion is to construct the asset hierarchy as everything is linked to it regarding data recording. These 2 key items grew into the strategy shown in this thesis. The strategy was developed as shown in this thesis and was 73% complete when the researcher left Technip.
Strategy development in the researcher’s food industry role(Greencore) 
When the researcher started work at Greencore there were some metrics that the business group measure, but these were not in line with best practice did not provide a framework for a formal strategy. However, using the researcher’s strategy quickly embedded some best practice elements and drastically improved the group review with credit being given to the researcher’s plant for marked improvements. So, the strategy within Greencore did not develop it was imposed. The things that did develop were the formats of the data stored behind each element of the researcher’s strategy due to limitations in information and the differences in regulations in that industry.
[bookmark: _Toc64444473]RQ2 – Can the same maintenance strategy, developed by the researcher, be used within the Food and Drink Industry?
As an overall statement, the researcher has proven that that the same high-level strategy can be used in the two different businesses. So, to answer the Researcher’s initial question, yes, the same strategy can be used between the two different industries and potentially across other industries. However, the data behind the strategy elements and the procedures do change; the differences and limitations will be discussed in 8.4
The researcher has effectively integrated the strategy described in this thesis into Technip (Oil & Gas) and Greencore (food). The researcher found that the strategy delivered clear direction for each business who accepted and adopted the Researcher’s strategy. Both businesses went from no or very little data recorded, to being able to show MTTR, MTBF and performance trends from the equipment. Having this data allowed targeted maintenance activities to take place and work towards eliminating repeat problems and breakdowns. Another key point not to be taken lightly is that the construction of the asset hierarchy enabled information to be filed in one location and it can be found using the intuitive asset hierarchy structure. When assembling the statutory information e.g. CE certification, PUWER assessments, drawings, manuals, etc.… there was a natural gap analysis completed. After population of the asset hierarchy the missing information needed to be sort. In some cases, this was not available and required the support of an external accredited body e.g. PILZ, Amtri-Veritas, etc.… The researcher has confirmed during multiple audits that achieving legal compliance is the best foundation for any business and protects the employees as well as the business.
[bookmark: _Toc64444474]RQ3 – What are the differences and limitations of using a specific maintenance strategy developed within Oil and Gas and could they be overcome for the Food and Drink Industry?
Although the researcher found that the strategy could be used in either business there were differences or limitations between the two different industries. Some of the differences identified in this section are industry related and some are related to the specific company systems and funding available.
The biggest limitation to the strategy implementation within the food industry is financial; there are more funds available in the more lucrative Oil & Gas business (Technip). Limitations include lack of funding to invest in an electronic CMMS system, this lack of capital investment meant that many of the data recording and data displaying mediums needed to be created from Microsoft graphs and charts. Initially, the limitations of not having a CMMS are not a problem, the researcher confirms that from his experience that it is better to start using a manual work order system then create and prove an asset hierarchy before a CMMS is introduced to a business. The two main reasons for this statement are:
· Using a simple paper-based work order system prior to using a CMMS allows for cultural change. The researcher has found that one of the biggest barriers for the introduction of a strategy including work orders and accurate data capture are the employees. Introducing a system is simple; however, getting the business to adopt the process takes time. The work order system does not just involve the maintenance engineering teams it also relies upon everyone in the business following a procedure to formally request maintenance intervention by raising a work order. The stance on introduction needs to be rigid – NO WORK ORDER, NO JOB!
· To create an asset hierarchy prior to introducing the CMMS is critical, it is better to use it for a short period (as a pilot) to make sure it is correct and also develop the criteria for equipment failure e.g. Breakdown, Damage, Operator error, etc.…
Funding aside, the other main difference between the two industrial sectors are more to do with regulations. Technip is regulated to very high standard in relation to safety and the quality of the equipment used and the products produced for use in the industry. The Oil & Gas industry adhere to all of the statutory regulations and some specific one to the industry. The statutory requirements (CE, PUWER, Machinery directive, etc.…) also apply to the food industry (Greencore), however, Greencore are also stringently governed by regulations relation to food safety and hygiene. These additional requirements require the involvement of other departments in relation to equipment, personnel and the facility itself, see examples of additional considerations:
· No glass on the shop floor as it cannot be detected in the food by metal detector.
· No wooden handles on tools as it can’t be detected by a metal detector.
· All maintenance staff to be trained in food safety and food hygiene, all of the maintenance team needs to understand risk from contamination from the like of allergens (nuts, eggs, fish, etc.…)
· Toolboxes must have a complete and up-to-date inventory which can be checked after every task to make sure nothing is left behind that could get into food.
· After equipment has been repaired it is required to be completely cleaned by the hygiene team before it can be used in the high care food preparation areas. This must be documented.
· British Retail Consortium (BRC) complete an unannounced audit annually, they can close a factory immediately just like the HSE.
One other point to note is what could be described as an Elastoplast mentality, Greencore is more likely to carry out a temporary repair. The researcher found that many of these temporary repairs were not followed up. This is one thing that the introduction of a work order system helped to alleviate. Within Technip, the researcher found temporary repairs were made in some cases if they were proven to be safe. However, they were always followed up and corrected whatever the cost.
After 14 months at Greencore the Researcher found that the strategy had progressed to 33% which is good progress in a short space of time. The next stage was to introduce a CMMS to automate some of the metrics and reduce manual input; unfortunately, there was no funding available for that. Even if the metrics were recorded in a CMMS there would be differences between Technip and Greencore. Greencore had a scanning system on the shop floor for downtime, so every minute or downtime had a description, however, it did rely on the production team to scan the correct code for the stoppage. Within Technip the criteria had been set during the AMAP project and drove all the reliability data, the data was defined and recorded by the maintenance team.
The researcher found that metrics in general within both businesses needed to be flexible, MTTR for example: within Technip the data was recorded in the CMMS. However, the downtime of the machine was not recorded within the CMMS. The IFS CMMS module was limited to recording number of hours recorded by the maintenance team. This meant that if two maintenance technicians were on the job the hours recorded could be double the actual downtime or the downtime could be nowhere near accurate if the machine had stood for hours while the maintenance team worked on a higher priority. So MTTR was taken with the metric recorded rather than true MTTR from an academic sense. 
The researcher believes that metrics will in most cases be specific to the business depending on how other stakeholders record information and also ultimately the limitations of the data capture system whether it is electronic or manually compiled.
[bookmark: _Toc64444475]Recommendations for practitioners
This Strategy which has been developed throughout the Researcher’s career could be adopted and integrated into another business. A practitioner new to this strategy would have the added benefit of adapting the model to suit a business’s own budget prior to commencing implementation. It would be interesting for a practitioner to develop the strategy by capturing the financial data and timeframe needed to implement the strategy pyramid. Also, the strategy should be developed further with greater consideration for facilities management. Although included to some degree, facilities are another area of litigation that should be considered specifically.
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[bookmark: _Toc8386425][bookmark: _Toc64444477]Appendix I – Technip Report ‘Maintenance Labour Hours Overview’


Technip Umbilicals Ltd. 
OBIEE Report Specification
MAINTENANCE LABOUR HOURS OVERVIEW





[bookmark: _Toc400703114]

[bookmark: _Toc8121840]A – Report Name
Maintenance Labour Hours Overview

[bookmark: _Toc400703115][bookmark: _Toc8121841]B – Business Objective 
[bookmark: _Toc400703116]Maintenance KPI showing split of labour hours between PPM-EM, Planned, Unplanned, Breakdown and Setup work types for COMPANY  (work orders connected to any objects which fall within ‘Technip Umbilicals Ltd’ IFS object structure) between selected dates 
Would like to be able to drill down to show this for each UNIT (work orders connected to any objects that fall within ‘Hose’, ‘TPU’, ‘STU’ or ‘Mobile’ IFS object structure)
Would like to be able to drill down further to show this for each SECTION (work orders for any objects that fall within ‘VHAM’, ‘STU CAROUSELS’, ‘STU EXTRUSION’ etc. IFS object structure)
Would like to be able to drill down further to show this for each LINE (work orders for any objects that fall within ‘CAROUSEL G’, ‘CAROUSEL H’ etc. IFS object structure)
Would like to be able to drill down further to show this for each PART (work orders for any objects that are connected to ‘ACCUMULATOR G’, ’10.5T TENSIONER G’ etc.)

[bookmark: _Toc8121842]C – Report Owner
[bookmark: _Toc400703117]Maintenance




[bookmark: _Toc8121843]D – Data Sources
This should take in to account both ongoing and finished work orders so should be a consolidation of information held in work orders from
Operations > Work Order Management >Active Work Order
Operations > Work Order Management > Historical Work Order

The data to be used to achieve this is currently held within the work orders
Prepare>General>Work Type 
Prepare>General>Object ID / Description
Report In>Time Reporting> Hours
Report In>Time Reporting> Creation Date

[image: ]
‘General’ tab of a WOs ‘Prepare’ screen, object description and work type fields highlighted

[image: ]
‘Time Report’ tab of a WOs ‘Report In’ screen, creation date and hours fields highlighted

[bookmark: _Toc400703118][bookmark: _Toc8121844]E – Rules for Calculation
To not include any work orders with a status of ‘cancelled’
[bookmark: _Toc400703119]To use only hours entered by technicians in ‘time Report’ for totals and to ignore any estimated hours

[bookmark: _Toc8121845]F – Axis of Analysis 
Prepare>General>Work Type – Defines the type of Work (PPM-EM, Planned, Breakdown, Unplanned, Setup) 
Prepare>General>Object ID / Description– Used to define the PART, LINE, SECTION, UNIT and COMPANY the work order belongs to
Report In>Time Reporting> Hours– Used to define total hours 
Report In>Time Reporting> Creation Date– Used to define which date the hours belong to



[bookmark: _Toc8121846]G – Visualisation 
As a stacked bar chart representing a split of hours per work type per object at each level. The following shows an example beginning at COMPANY level and ending at PART level 

(DUCO LTD>D.STU>D.CAROUSELS.STU>D.CAROUSEL.G>)

COMPANY LEVEL


Clicking on ‘TECHNIP UMBILICALS LTD’ gives


UNIT LEVEL


Clicking on ‘STU’ gives 

SECTION LEVEL


Clicking on ‘STU CAROUSELS’ gives



LINE LEVEL





Clicking on ‘CAROUSEL G’ gives
PART LEVEL



[bookmark: _Toc8121847]H – Security / Diffusion
Kevin Douglas
Not to be integrated in The Link
Access to be given to
	-	Global Maintenance Manager
	 -	Maintenance Supervisor
	-	Maintenance Admin
	-	Process Team Lead
	-	Technical Lead

[bookmark: _Toc8121848][bookmark: _Toc400703122]I – Validation 
The report will be validated by Kevin Douglas and Adam Gorman


[bookmark: _Toc400703123][bookmark: _Toc8121849]J – Additional comment
Dates for data to be flexible and defined within dashboard
Data to be displayed alongside Maintenance repair cost in same graph on a different axis

[bookmark: _Toc8121850]K – Report Approvals


[bookmark: _Toc8386426][bookmark: _Toc64444478]Appendix II – Technip Report ‘Maintenance Repair Cost Overview’

Technip Umbilicals Ltd. 
OBIEE Report Specification
MAINTENANCE REPAIR COST OVERVIEW
[bookmark: _Toc8121851]

A – Report Name
Maintenance Repair Cost Overview

[bookmark: _Toc8121852]B – Business Objective 
Maintenance KPI showing cost of repair as a split between cost of labour and cost of parts for COMPANY (spend  relating to work orders connected to any objects which fall within ‘Technip Umbilicals Ltd’ IFS object structure) between selected dates

Would like to be able to drill down to show this for each UNIT (work orders connected to any objects that fall within ‘Hose’, ‘TPU’, ‘STU’ or ‘Mobile’ IFS object structure)

Would like to be able to drill down further to show this for each SECTION (work orders for any objects that fall within ‘VHAM’, ‘STU CAROUSELS’, ‘STU EXTRUSION’ etc. IFS object structure)

Would like to be able to drill down further to show this for each LINE (work orders for any objects that fall within ‘CAROUSEL G’, ‘CAROUSEL H’ etc. IFS object structure)

Would like to be able to drill down further to show this for each PART (work orders for any objects that are connected to ‘ACCUMULATOR G’, ’10.5T TENSIONER G’ etc.

[bookmark: _Toc8121853]C – Report Owner
Maintenance
[bookmark: _Toc8121854]D – Data Sources
This should take in to account both ongoing and finished work orders so should be a consolidation of information held in work orders from
Operations > Work Order Management >Active Work Order
Operations > Work Order Management > Historical Work Order

The data to be used to achieve this is currently held within the work orders

Labour Cost
Prepare>General>Object ID / Description
Report In>Time Reporting> Hours
Report In>Time Reporting> Creation Date
A constant defined by the hourly cost of a maintenance technician.

[image: ]
‘General’ tab of a WOs ‘Prepare’ screen, object description and work type fields highlighted

[image: ]
‘Time Report’ tab of a WOs ‘Report In’ screen, creation date and hours fields highlighted

Parts Cost
Prepare>Materials>Quantity Required
Prepare>Materials>Cost
Prepare>Materials>Due Date

[image: ]
‘Materials’ tab of WOs ‘prepare’ screen, Due date, cost and quantity required fields highlighted
Prepare>Requisitions>Purchase Order
Prepare>Requisitions>Requisition Date
Purchase Order>Total Net Amt/Base

[image: ]
‘Requisitions’ tab of WOs ‘Prepare’ screen, requisition date and PO number fields highlighted
[image: ]
Purchase Order screen, Total net amount/Base highlighted

         		   

[bookmark: _Toc8121855]E – Rules for Calculation
To not include any work orders with a status of ‘cancelled’
To use only hours entered by technicians in ‘time Report’ for totals and to ignore any estimated hours

[bookmark: _Toc8121856]F – Axis of Analysis 
Object ID / Description – Used to Define the PART, SECTION, LINE, UNIT and COMPANY the work order belongs to
Time Report Hours column – Used to define total hours
Time Report Creation Date column – Used to define which date the hours belong to
Maintenance Technician hourly cost constant – multiplied by labour hours to give labour cost

Prepare>Materials>Quantity required – defines number of items
Prepare>Materials>Cost – defines cost per item
Prepare>Materials>Due Date – defines which date the spend belongs to

Prepare>Requisitions>Purchase Order – defines purchase order cost is to be taken from
Prepare>Requisitions>Requisition Date – defines which date the spend belongs to
Purchase Order>Total Net Amt/Base - defines total spend on associated WO

[bookmark: _Toc8121857]G – Visualisation 
As a stacked bar chart representing a split of cost for parts and labour per object at each level. The following shows an example beginning at COMPANY level and ending at PART level 

(DUCO LTD>D.STU>D.CAROUSELS.STU>D.CAROUSEL.G>)



COMPANY LEVEL


Clicking on ‘TECHNIP UMBILICALS LTD’ gives you

UNIT LEVEL






Clicking on ‘STU’ gives you

SECTION LEVEL


Clicking on ‘STU CAROUSELS’ gives you

LINE LEVEL







Clicking on ‘CAROUSEL G’ gives you

PART LEVEL


[bookmark: _Toc8121858]H – Security / Diffusion
Kevin Douglas
Not to be integrated in The Link
Access to be given to
-	Maintenance Manager
-	Maintenance Supervisor
-	Maintenance Admin
-	Process Team Lead
-	Technical Lead

[bookmark: _Toc8121859]I – Validation 
The report will be validated by Kevin Douglas and Adam Gorman

[bookmark: _Toc8121860]J – Additional comment
Dates for data to be flexible and defined within dashboard
Data to be displayed alongside Maintenance repair cost in same graph on a different axis


[bookmark: _Toc8386427][bookmark: _Toc64444479]Appendix III – Greencore Engineering Work Request Procedure
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[bookmark: _Toc8386428][bookmark: _Toc64444480]Appendix IV – Greencore Isolation Procedure
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[bookmark: _Toc8386429][bookmark: _Toc64444481]Appendix V – Greencore Approved Supplier List
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[bookmark: _Toc8386430][bookmark: _Toc64444482]Appendix VI – Greencore Contractor Pre-Qualification Questionnaire
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[bookmark: _Toc8386431][bookmark: _Toc64444483]Appendix VII – Greencore Asset Hierarchy Structure
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[bookmark: _Toc8386432][bookmark: _Toc64444484]Appendix VIII – Greencore New Equipment Procedure
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[bookmark: _Toc8386433][bookmark: _Toc64444485]Appendix IX – Technip Critical Spares Procedure
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[bookmark: _Toc8386434][bookmark: _Toc64444486]Appendix X – Greencore 5S Audit Checklist
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[bookmark: _Toc64444487]APPENDIX XI – VIEW OF THE IFS STOCK CONTROL SYSTEM
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[bookmark: _Toc64444488]Appendix XII – PPM REVIEW PROCESS



[bookmark: _Toc64444489]APPENDIX XIII – OIL ANALYSIS REPORT
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[bookmark: _Toc64444490]APPENDIX XIV - VIBRATION ANALYSIS OF A BEARING
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[bookmark: _Toc64444491]APPENDIX XV – VIBRATION ANALYSIS OF A GEARBOX
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planned	TECHNIP UMBILICALS LTD	9000	ppm-em	TECHNIP UMBILICALS LTD	2000	breakdown	TECHNIP UMBILICALS LTD	4000	unplanned	TECHNIP UMBILICALS LTD	3000	setup	TECHNIP UMBILICALS LTD	2000	



planned	STU	TPU	TPH	MOBILE	4000	1500	2500	1000	ppm-em	STU	TPU	TPH	MOBILE	400	600	800	200	breakdown	STU	TPU	TPH	MOBILE	1500	500	1200	800	unplanned	STU	TPU	TPH	MOBILE	1000	600	800	600	setup	STU	TPU	TPH	MOBILE	800	600	400	200	



planned	VHAM	STU CAROUSELS	STU EXTRUSION	2000	1500	500	ppm-em	VHAM	STU CAROUSELS	STU EXTRUSION	250	50	100	breakdown	VHAM	STU CAROUSELS	STU EXTRUSION	1000	250	250	unplanned	VHAM	STU CAROUSELS	STU EXTRUSION	500	200	300	setup	VHAM	STU CAROUSELS	STU EXTRUSION	250	150	400	



planned	CAROUSEL G	CAROUSEL H	CAROUSEL I	600	400	500	ppm-em	CAROUSEL G	CAROUSEL H	CAROUSEL I	0	50	0	breakdown	CAROUSEL G	CAROUSEL H	CAROUSEL I	150	50	50	unplanned	CAROUSEL G	CAROUSEL H	CAROUSEL I	60	40	100	setup	CAROUSEL G	CAROUSEL H	CAROUSEL I	50	50	50	



planned	CAROUSEL G	MOTORISATION UNIT 1	MOTORISATION UNIT 2	ACCUMULATOR G	10.5T TENSIONER G	WINCH G	CONTROL CABIN G	20	130	100	50	100	50	150	ppm-em	CAROUSEL G	MOTORISATION UNIT 1	MOTORISATION UNIT 2	ACCUMULATOR G	10.5T TENSIONER G	WINCH G	CONTROL CABIN G	0	0	0	0	0	0	0	breakdown	CAROUSEL G	MOTORISATION UNIT 1	MOTORISATION UNIT 2	ACCUMULATOR G	10.5T TENSIONER G	WINCH G	CONTROL CABIN G	0	60	40	10	0	0	40	unplanned	CAROUSEL G	MOTORISATION UNIT 1	MOTORISATION UNIT 2	ACCUMULATOR G	10.5T TENSIONER G	WINCH G	CONTROL CABIN G	0	15	15	10	5	5	10	setup	CAROUSEL G	MOTORISATION UNIT 1	MOTORISATION UNIT 2	ACCUMULATOR G	10.5T TENSIONER G	WINCH G	CONTROL CABIN G	20	0	10	15	5	0	0	



PARTS COST	TECHNIP UMBILICALS LTD	1500000	LABOUR COST	TECHNIP UMBILICALS LTD	1000000	



PARTS COST	STU	TPU	TPH	MOBILE	600000	300000	400000	200000	LABOUR COST	STU	TPU	TPH	MOBILE	500000	200000	200000	100000	



PARTS COST	VHAM	STU CAROUSELS	STU EXTRUSION	300000	200000	100000	LABOUR COST	VHAM	STU CAROUSELS	STU EXTRUSION	250000	150000	100000	



PARTS COST	CAROUSEL G	CAROUSEL H	CAROUSEL I	100000	60000	50000	LABOUR COST	CAROUSEL G	CAROUSEL H	CAROUSEL I	60000	40000	50000	



PARTS COST	CAROUSEL G	MOTORISATION UNIT 1	MOTORISATION UNIT 2	ACCUMULATOR G	10.5T TENSIONER G	WINCH G	CONTROL CABIN G	5000	15000	20000	30000	10000	0	20000	LABOUR COST	CAROUSEL G	MOTORISATION UNIT 1	MOTORISATION UNIT 2	ACCUMULATOR G	10.5T TENSIONER G	WINCH G	CONTROL CABIN G	20000	10000	5000	5000	5000	15000	
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11 To faciiate the panning and processing of work heough the Maintenance

Engheenng Deparment.

12 The imicaten o ork regdied prowig adegese sl and mocemgite: The
planaing of work b3sed on the Infommaton SuDMIted WEN e
mwmmmmwmnmmammmm

Wwork completed, penaing and In hand.
1.3 Hand back asset In a fo0d sare conaIson, ready fof PrOGUCton Use.

abiiy:
2.1 The responsidity fo requesting wor lles With depariment managers / supenvisars
or their dentied representatives.
2.2 The person requestng the work Is responsdie for ensuring that ail reievant
Informaton is made avallabie 1o the Maintenance Department.
2.3 The iocaton 3nd scheduing of work Is té responibitty of te Maintenance
S S B Ny W SR

2.4 Toe ety for e monkoring of e work s e Mabtenance Manager
and the Maintenance supenvisory staf.
2.5 Recoraing. stofing and processing of data arsing fYom s Process s the.
responsibity of the Maintenance Manager. Supenvisor and AJminiStratve star.
261t s e responsDilly of he Manienance supenvsory SIaf 1o ensure he “Handed
30K Dy 3n "ACCEpIor” DOYES 37 COMpIEted Wilh 3pPrOpTate Signature, date
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and tmes A

2.7 te responsiolty of the Assigned Engneer o verty I the EWR request
fequires 3 Acceptor sgn of, or whetner It tal winin Category 1 (Non producton
tem). 2 (Facites) or Category 3 (Weekend work with 1o producton personnel to
Sign o). I 1o Acceptor sgn off required, he appropriate code showd be
recoraea.

Procedure

3.1 The Engineering Work request form (ENGDOCO02) willbe available in the
Production Office or the Engineering Department.
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‘Objectiv: Safe Isolaton of equipment.
Responsibility: Engineering
Ref Documentation: Group procedure - HSP14

IMPORTANT INFORMATION

Procedure —

Isolation and Lock Off
_——

Ieotaio of wok fm enrgy sosces i ssenialprir o werkbeing caried aut which may x0se peple o
ez and ks i e oot or st v of s el
il

Alanad win s company sandarg HSP 14

o o e deaind ek amd sty amangements under the company hesith and sfety pacy and
operades reious Ssion ok of eiements

Objectives
Enaiie acoess o potentialy dangerous pars or reas of mashinery o process quipment withaut placing them
stisk from the assooated nszards

Protect persons isalaing and re-energsingfo rtum 10 service a5 well 2 those carying out the work

Protect al dirclly employed, agency or coniracto parsomnal, working on or potenially 3t risk from isolated
work equipment

Exclusion

Isolations and maling safe slecical equipment conrlled under amangemen's for compliance Wit the
Electrity at Work Regulations 1983 5 specically excluded from tis sandard
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Definitions

Iootaton - Physical disconneciion of a mastine or process squipment from all sources of enargy or materisl
‘Supples associated with normal oparation. This ncludes solation rom all supplies of:

sttty

Freumate st

Fuel ga, process ar or ther gases.

Fyarauie power

Process materials (e.g. caust)

Stzam

In-place cearing systems

‘Substanoss under pressure

‘Stored energy rleased by gravity

Look off — The plscement of 3 locking devics on squipment that prevents inadverient or sccicental re-
‘energising or scivation of e squipment. The tamm LockoutTag-out (LOTO) can sis0 be used t ceseioe the.
look of process.

Tag-out rfers 1 the use of a label or sign showing detal of e loskout and possiby person responsible.
‘Some stes use 3 photo of the person respansile on the sbel.

Physical disconnecton means separation of conductors, pips Ways or hoses. which cary supplies, fom their
‘connactons to machinery or squipment. Interruption of supplies through manipulation of 3 computer.
programme or PLC is NOT isolation. Use of Emergency stops or interlock guards (o stop 3 machine is
ot lassed at solation

‘Subsequent o isolation, some mecharical components may be held in place by residual peumatic or
ycrauic pressure. or machanicsl source such as spring. Where eleasa of that pressure or energy could result
in movement of the companents under force of graviy or other source of stoed enargy. solsion needs to
include 1 dissipation 25 part of the procedure.

O some tems of equipmert, slectioal energy may b sired within the machine even aftr elecirical power.
s been ramoved. wih an example being 2 capacitor f i s 3 possibify, then the sleorical charge should
e removed prior t any werk on the machine staring.

Responsibilities
(Genersl Managers have oversl responsiilty for ssfs working, insluding implementation of tis standard 3t
sy
Line managers are rasponsivi for-
 implamantstion o the standard within their depsrment.
« ensuring that people who camy out isolaion and look offfor work squipment under ther conirol are
rained. competent and appeinied i wriing
« Briefing other people as required i relaton o the standard to ensure is ongoing effecivensss in
coniroling sk
Managers wil ensure the keeping of records of allraining and briafing provided and wil maitain 3 ragister
of people authorsed under he standard.
Employess must comply wih te reaursments of the standard and follow the ialaion and lock off prossss
very tme i1 requrad t coiral nsk. FEOpe must 152 eport RAZAIGS, dafacts of omisEions Snsing rom o
associated with the procedure fo thei manager

Frepasaby.
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kR

Who i allowed o isolste and lock off?
Izclation an ock of, raversal nd re-energising of work squisment should ony be caried out by competent
persons — 2 person who has had the necessary training and has the knowledge, skis and apitude required
for e task. his s referenced on the compstent persons matix sheet.

‘Wih the exosption of engineers, appoiniad competent persons oan ony carry out soationfosk off wili the
5cope of heir function @.g. hygiens staff may only solae fo rygien tasks. However, engineers are able
isolate and lock ot fo other activites 3. general isolation of plan or outine cleaning and malntenance.

Pad Locks and keys
Twelve red ndividually numbered locks are sored on the LOTO board, when a locks removed the key should
e replaced and hung up in e locks empy postion. Each lock should be signad out wih e parsor' name.
date 3nd location used. then signed back in on completion. A second set of keys are kept in 3 coded
upboard, n an emergency the mainianance manager or HSE manager should be contacied fo the cupboard

eniry number, s number wil be changed st the sconsst point st he event.

Reinstatement
The parson who is responsile for solaing the work squipmen s aiso responsibl fo removal of e fsolaton
and re-energising. All work must b inspected prior 0 fe-energising and where approprist tested before
retuming o operatin.
The person re energising must ensure

‘Al safeguaring, saety devises and interocks have been replaced

Nothing has been lft nthe area .. toois or squipment

The working area s in 2 satisfactory conditon 0 retum to normal operation

People working i ths res are mformad that e work Squipmnt = o be e-ensrgisad

Failure to remove padiocks.
To anabie the removal of a padiosk Ief in place after the completion o tasks for tis isolaion was put in
plsce the folowing procedure must be put n place by the senor person on ste.

"+ Contac the person who appiied the padiook fo see he curren State o he work squipment. what was
the progress of the task for whichthe padiock was applied and the reason why the padiosk was not
ramoved. f the maching i ik assessad from the informstion suppled by the person to be safe then
the lock can be removed and an sngineer o test e machine to coni s in safe working order
1f the person who applied te padiock cannot be contacied then the machine must be risk assessed
by an engineer 1o determine what work was being carried out, the progress of that work and then
once all ressanatle stempis have bean made o sstsfy that the machine 1= safe f can be re-
‘energised. f i cannot b schisved then the maching must stay looked of.
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Version 001 - S
Contractor Pre-Qualification Questionnaire

Instructions for Completion

“This Pre-Qualification Questionnaire has been prepared by Greencore to ensure that we are
clear about our joint responsibilies for the Health, Safety & Environmental impact of al
those working on our site.

All contractors are required to answer the following questions and provide data where
requested as part of the Greencore contractor approval.

1f the space available for the appropriate response is insufficient, separate shests should be
atiached, clearly referenced to the question

Mark N/A in the Response box f the question s not applicable.

[ Completed by

T
(Signature) | Date
Print Name ‘ Position
on Behalfof
Name & Address of Company
Tel Fax
Email Website
Frepared B T | NG Approved: Cemwick
Fage Tore

Tssue Date T5/02/2018 | Version - 001
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Question
Tature of Busiess

Please indicate type of work / services
which you provide.

Do you belong to a relevant Natonal
“Third Party Accreditation Scheme?

f'yes' please provide detais

T7you belong © safecontracior pease
provide a copy of your certcate?
Now skip to section &

Management Systems.

‘Whois ulimately responsible or health
‘and safety in your organisation?

Ts your company 18001 accredted?
1f 50 please provide a copy of your
certficate and skip to section 5

Is health and safety advice provided
intemaly?

fyes by whom? (ist qualfication and
relevant experience)

1o’ what organisation provides such
advice?

Please provide details which adequately
‘demonsrate their competence to fulfl
this ole e g CV

Do you have a wrtten siatement of
health and safety poicy?
If'yes’ piease attach a copy.
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Version.

ENGDOC007

oo

Contractor Pre-Qualification Questionnaire

24

Please describe, or submit documents
‘which explain, your arrangements for
puting your health and safety policy nto
effect. This should include an
organisation chart and description of
Guties and responsiblies

25

Do you have a company health and
saety procedures manual available for
inspection?

1 yes' where can it be inspected?

28

How do you ensure that equipment and
vehides owned by you are issued and
keptin a safe condition?

27

‘What systems do you employ to control
safety during the progress of works?

28

How do you manage the issue of
personal proteciive equipment and
ensure its used?

Training and Information

31

‘What health and safety raining is
foutinely provided for your staff?

32

Do you keep records of all heaith and
‘safety raining conducted?

23

In what way do you provide health and
saety information for employees?

34

‘What first aid training s provided?

Prepared by

Toriges

ENG Approved

T Fenwick

ot

Terue Date

TS/0/208,

Vemon
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Training and Information

Please provide details of your
accident stattics for the ast three
years.

How do you carry out accident
investigations witin the organisation?

How many prosecutions, prohibiion
noices and improvement notices have
you received in the ast three years?
Please provide detais.

Risk management

‘What procedures do you have in place
for Kentiying hazards and for camying
out sk assessments prior to work
commencing?

Please enclose an example relaing fo
the type of work to be undertaken

‘What procedures do you have in place
for producing method statements and
sate systems of work?

Please indicate the steps you take at to
‘enforce your safety policy and site ules.
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Do you employ sub-contractors to
complete work on your behalf?

1f 50, pease provide a detailed account
of how they are managed and moniored
froma H, S &€ perspective.

Provide a copy of your companies
Public Liabilty Insurance Certicate.

Provide a copy of your Employers.
Liabiity Certcate.

Environmental Iformation

Name of the person that has prime.
responsibiiy for environmental
performance & positon:

“Are you registered 15 150 1400 or
EMAS?

Ifyes, state which standard and
certicate number and please supply
copy

Fiease sond Us 3 Copy o7 your
Environmental Policy/Environmental
Statement f you have one

e NOT ceriied to 12001 of EWAS pleass answer the following questions:
Do you have an Environmental
management system?

“Are you cumently prepaning for 14001 o
EMAS?

Fiave you defined the Envionmental
reguiations that apply to your
organisation?

T briges

TS/0/208,
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7 yes please send a copy)

Tiave you deined the mpacts caused
by your actiities?
(Ifyes please send a copy)

“Are there wiien procedures to control
‘environmental actvites?
(Ifyes please send an examle)

Do you measure envionmental
performance?

Please provide any additional information below:
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New Equipment Procedure

greencore

ot limited to:

Operations.
Process.
o
HSE
Training

Responsibility: _Itis the responsibiity of the Project Manager (f appicabie) or
Enginering Manager to ensure all relevant depariments are involved i the sign off
procedure for purchase, installation and commissioning

Procedure

1. Stakeholder Roles:

Project

‘Source the equipment.
‘Arrange appropriate rials to determine whether equipment s fit or purpose

Notiy all stakehokders when they reach the stage of deciding whether the equipment purchase:
s to proceed.

‘Compile 2 "Asset Introduction Record" * ENGRECOD1 for the equipmen and add it fo the asset
technical fle: R-\Engineering\Asset Hierarchy\Greencore Consett Level OVasset area” Vasset
number\Technical Fie

Populate the “New Equipment Assessment” ENGRECD02, once complete and signed off by
relevant stakeholders locate the document at: R-\Engineering|Asset Hierarchy\Greencore.
‘Consett Level OVasset areaVasset numberTechnical File

Populate Technical fle in the asset register with manuals etc at: R'\Engineering\Asset
Hierarchy\Greencore Consett Level OVasset area™asset number Technical File

‘Amange completion of a PUWER assessment by following: ENGDOCO10 - PUWER Guidance
Gocument The completed assessment should be stored at: R\EngineeringiAsset
Hierarchy\Greencore Consett Level OVasset area™'asset number echnical File
Involvement in the HACCP review to ascerlain the implications to the business.

Trpasdsy Gk [ G Approed

paze -

T T Ve
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Technical
‘Assess the equipment against Technical requirements including hygiene access, glass and hard
plastic issues, food safety and foreign body issues etc
‘Assess the equipment trials and any product produced to help determine if it for intended purpose.
To complete a HACCP review to ascertain the impications to the business
Amend swabbing schedules to include the new equipment
Amend the calbration schedule to include the new equipment
Amend the glass and hard plastc register o include the new equipment
Complete the relevant sectons in the “New Equipment Assessment” ENGREC002

Enginering
‘Assess the equipment against Engineering requirements including build standards, location and
‘service supply including gas, electricty etc
Ensure Health and Safety requirements are met on instalation and subsequent use i.e. sufficient
‘guarding, correct power supply etc
Ensure equipment manuals are refained with alrelevant documentation and the completed “New.
Equipment Assessment” ENGREC002 and *Asset Introducton Record” ENGREC00T
Involvementin the HACCP review to ascertain the engineering implications to the business.
Amend maintenance schedules to include the new equipment
Complete the relevant sectons in the “New Equipment Assessment” ENGREC002

Hygiene.
‘Assess the equipment against Hygiene requirements including access, cieaning requirements,
chemical and protecton requirements.

Involvement in the HACCP review to ascertain the hygiene implications o the business.
Ensure Health and Safety requirements are met withregard to cleaning of the new squipment
‘Write the cleaning procedures for the new equipment and they are trained effectively.
Amend cleaning schedules o include the new equipment

Complete the relevant sections i the “New Equipment Assessment” ENGREC002

Operations
‘Assess the equipment against operational requirements including capacity
Involvement in the HACCP review to ascertain the operational implications {o the business
Ensure Health and Safety requirements are met with regard o use of the new equipment
Ensuring the operators using the new equipment are trained effectively
Complete the relevant sectons in the “New Equipment Assessment” ENGREC002

Has
‘Assess the equipment against HS requirements to ensure i can be operated safety and that all
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“The “New Equipment Assessment” ENGRECD02 can be used as a checkist prior o purchase but must
be signed off by alldisciplines at nstallaion

3. Installation

Before taking the equipment into the factory it must be inspected for possibi foreign body
contamination and undergo a deep clean

‘Where possibl the equipment should be installed outside of nomal working hours and the area.
seqregated and cleaned as requied

4. Commissioning
Before using the equipment fo standard production, commissioning tials must be completed to ensure.
all snagging is completed and the machine runs at the speciied levels

‘Once the tiak are compiete and alldepartments have signed the “New Equipment Assessment”
ENGRECD02, the equipment can be used as and when required
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Asset No. Level 2 |~

Asset Level | - Description Line[ ~ Serial Number |~ | Manufactur¢ ~ Model No.
Assembly A CHKWGH-0100 Checkweigher AL 50-10549-2-4 Sparc
Assembly ASS-L1-HEATSE-0100 Heat Sealer AL GT1/1961 Pro Sealer
Assembly ASS-11-INDCON-0100 Index Conveyor AL
Assembly ASS-11-1A75U5-0100 Lazy Susan AL
Assembly ASS-11-MASDEP-0100 Mash Depositor AL D252P6008012 D252P
Assembly ASS-11-SAUDEP-0100 Sauce Depositor AL
Assembly ASS-L1-XYZAXI-0100 XYZ Axis AL
Assembly ASS-L1-XYZEXC-0100 XYZ Exit Conveyor AL
Assembly ASS-12-CHKWGH-0200 Checkweigher A2 50-0589-1-97 Sparc
Assembly ASS-12-HEATSE-0200 Heat Sealer (PA) A2 PA
Assembly ASS DCON-0200 Index Conveyor A2 1304 CONV 9376
Assembly ASS-12-1A75U5-0200 Lazy Susan A2
Assembly A CHKWGH-0300 Checkweigher A3 113300 AA
Assembly ASS-13-HEATSE-0300 Heat Sealer A3 15614000012875 Proseal
Assembly ASS DCON-0300 Index Conveyor A3 1565CONV13013
Assembly ASS-13-1A75U5-0300 Lazy Susan A3
Assembly ASS-14-CANBLT-0100 Cannelloni Belt A4 9975
Assembly ASS-14-CHKWGH-0400 Checkweigher A4 8849-1-02 Sparc
Assembly ASS-14-HEATSE-0400 Heat Sealer A4 HMO0969 PA
Assembly ASS DCON-0400 Index Conveyor A4 1459 CONV 11531
Assembly ASS-14-1A75U5-0400 Lazy Susan A4
Assembly A CHKWGH-0500 Checkweigher As 113301 AA
Assembly ASS-15-HEATSE-0500 Heat Sealer As PA
Assembly ASS-15-INDCON-0500 Index Conveyor As 1281 CONV 8977
Assembly ASS-15-1A75U5-0500 Lazy Susan As
Assembly ASS-16-CHKWGH-0600 Checkweigher A6 113302 AA
Assembly AS: EATSE-0600 Heat Sealer A6 1584400013372 HM 172 PA
Assembly ASS-16-INDCON-0600 Index Conveyor A6 1596 CONV 13406
Assembly AS: 75US-0600 Lazy Susan A6
Assembly | ASS-L6-MUHEWH-0600 Multi Head Weigh A6 113302 AA
Assembly ASS-17-CHKWGH-0700 Checkweigher A7 8849-2-02 Sparc
Assembly ASS-17-CINBLT-0700 Chicken Incline Belt A7 Turbo
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2016 - FULL YEAR

Total Actual NEW
Category| Desciption Budget Forecast YD EOracast
%515030020 | Farrell Bricge Liner Extruder 10,000 10,000 4583 10,000
T615030021  |E60 Extruder 10,000 10,000 1557 6,000
"615030022  |E105 Extruder 10,000 10,000 3379 10,000
7615090030 |Rebatch Line No1 600 889 889 889
7615030031 |Rebatch Line No2 300 300 0 300
"615030035  |MAiTI Braiders 25,000 25,000 2412 25,000
[615090035 |RB2 Braiders 25,000 25,000 4091 15,000
7615030037 |Yarm Winders 4,000 4,000 0 1000
T66030040 |72 Lay up Line 25,000 25,000 1961 25,000
"615030041  |Horizontal Helical Layup Line 20000 20,000 15,900 25,000
"615030045 | Horizontal Sheathing Extruder 20000 20,000 w703 25,000
"615030050 | Armouring Line 25,000 25,000 5,834 20,000
"616030054 | Drumstands TP Umbilical Factory 8000 8,000 624 4,000
"615030056  |Under Fillers 25,000 25,000 665 25,000
T615030057 Conveyors 30,000 30,000 B54 40,000
"615030058 | Cats & Generators 40,000 40,000 2362 38,000
"615030053 | Applications Pumps & Swagers 30,000 38,000 13867 38,000
7615090080 | Cther Reels 150,000 150,000 8732 150,000
T616030061 |Carousel A 3000 3,000 2003 3,000
T615030062 |Carousel B 3,000 3000 1525 3,000
T615030063 |Carousel C 3,000 3,000 133 3,000
T615030064 |Carousel D 3,000 3,000 2165 10,000
"615030085 | Carousel £ 3,000 3000 0 3,000
T65030085 | Carousel F 3,000 4433 4433 7.000
615030067 |Carousel G 10,000 10,000 815 10,000
615030068 |Carousel H 5,000 5,000 1034 2,000
615090063 |Carousel | 3,500 3500 0 3500
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