Plant Maintenance and Asset Care	Comment by Jake Mowbray: HNC Process Operations Engineering in the title would be useful.
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[bookmark: _Toc164265839]Introduction	Comment by Jake Mowbray: A clear plan to the work ahead.
When running a complex industrial facility, it is a priority for all assets to be well maintained and running safely efficiently. To do this all of the maintenance methods must be analysed and understood to design a maintenance plan that can be implemented. The plan will be backed up with data to show how these changes will improve the reliability and safety of the equipment. When the plan is in place a main maintenance method should be chosen in order to get the most out of the assets balancing cost and output from each asset. 	Comment by Jake Mowbray: Proofread (pr) – phrasing.

Task 1

[bookmark: _Toc163676202][bookmark: _Toc164265840]Planned preventative maintenance (PPM)

The first specific maintenance strategy used is Planned preventative maintenance. As part of the PPM method, maintenance will be scheduled for equipment based upon manufacturers advice and historical data. Manufacturers user manuals will include advised maintenance schedules these will be used to schedule maintenance thought the site. PPM is the maintenance method most commonly used within industry to keep assets running optimally (Hupje, 2021).	Comment by Jake Mowbray: Sp
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[bookmark: _Toc163686287]Figure 1-Shows an example of the Maintenance manual needed or a “Gruppo Aturia” centrifugal pump. (AX, 2019)

The information in figure 1 will then be used alongside historical data in order to schedule maintenance in the most optimal times to gain maximum efficiency. A team of engineers will analyse data from Delta V this will include running temperatures, vibrations, power draws and pump outputs. The analysis will look at rising and falling trends in data to ensure maintenance can be scheduled optimally. 	Comment by Jake Mowbray: A practical example on how PPM intervals are formulated. 

When assets are maintained correctly the life span of the equipment should be longer, this means the equipment is more reliable and fewer failures should occur. A strong PPM schedule should be structured so that a pump and its spare counterpart have their Planned maintenance at approximately halfway the others approximated running time. This will allow the spare pump to be used for 50% of its estimated life span therefore running for less hours which intern will better the reliability. Meeting business needs is always a priority in engineering, therefore fewer unplanned outages means that more products can be processed increasing profits (Lenahan, 2011). A recent study by “Oden Technologies” shows that within the Petrochemical industry unplanned outages can impact a company by an average of £2 million per event, if these can be reduced then the companies can increase their profit margins (Peleg, 2021).	Comment by Jake Mowbray: A reasonable conclusion that would benefit from a reference to validate. 	Comment by Jake Mowbray: pr	Comment by Jake Mowbray: Valid quantification. 


[bookmark: _Toc164265841]Condition based Monitoring (CBM)

Condition based monitoring is a maintenance method that focuses on the analysis of vibration or temperature data to predict and recognise failures before they occur. This can be extremely lucrative within lean operation as equipment can be run to the limit before being worked on intern maximising the lifetime of the equipment. It also allows for the company to schedule maintenance in advance, this allows for any predecessor work to be complete beforehand (Hupje, 2021).	Comment by Jake Mowbray: On what scale are the benefits recognised within the process engineering industry? 	Comment by Jake Mowbray: pr

There are two main ways in which Data is collected from assets in the work place the first way is by using remote monitoring devices. These devices are placed onto “bad actors “(Assets with poor performance history) here they will report live data to a server where it is stored. When the vibrations on a pump exceed a certain per determined level it will flash up on the computer system. This alert will allow the team to go into the field to inspect the asset, this allows the team to then make further decisions on the next steps before the equipment fails (Peleg, 2021). 	Comment by Jake Mowbray: pr	Comment by Jake Mowbray: Will this include a safety margin to allow continued use until maintenance can be undertaken?	Comment by Jake Mowbray: pr
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Description automatically generated]	Comment by Jake Mowbray: A useful resource to include. 
[bookmark: _Toc163686288]Figure 2- Shows how CBM can be used using the P-F Curve (Hupje, 2021)
Figure 2 above shows the way in which the data can be analysed to predict the failures, this can be used alongside historical data to give an accurate estimate of when the equipment will fail. CBM also helps improve the safety of the site as failures or unplanned outages cause often failures can allow safe operating limits to be exceeded creating dangerous scenarios.	Comment by Jake Mowbray: ‘Is likely to’ may be a better choice of words as this is all based on statistics and probability.  	Comment by Jake Mowbray: pr	Comment by Jake Mowbray: Such as?

[bookmark: _Toc164265842]Unplanned Corrective Maintenance (UCM)

Unplanned corrective maintenance is a reactive method, it relies on equipment failing to then be fixed by the maintenance team. UCM is most common when there is no PPM program in place. The upside to a UCM is that it allows equipment to be prioritised this means that some jobs can be down whilst the plant is still running allowing for more optimal working. One upside to the UCM method is that in the short term it is cost effective, this is because new equipment is reliable, the downside is that as the equipment begins to age it will begin to fail this means that if multiple assets fail at the same time the repair cost can be large. This is why most plants choose both PPM and UCM methods to gain maximum efficiency.	Comment by Jake Mowbray: A sensible justification. 	Comment by Jake Mowbray: Reference to validate this statement would be beneficial. 
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[bookmark: _Toc163686289]Figure 3- Shows an example of a FMECA for 12-P-201
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[bookmark: _Toc163686290]Figure 4- Shows an example of a FMEA for 12-P-201
The Figures 3 and 4 Above Show an example of a FEMCA and an FMEA, these are two tools that are used to help schedule work based upon the criticality they hold to the process. They also consider the safety aspects of the failures highlighting the severity of the issue and the ways in which they can be avoided in the future (Stamatis, 2003). In order to improve the maintenance schedules for this piece of equipment there should be weekly swaps of the pumps. This will allow time for the online pump to be condition based monitored, this will include a 4 sensory check on the pump also including vibration checks and temperature checks. This should allow any issues with the pump to be picked up on before the failure. Along with the weekly swaps daily oil checks will be carried out and any low oil levels should be reported for further investigation. When the pump is online daily substation checks should be done to ensure that the pump is not drawing above 30 Amps if the pump is reading higher this could be a sign of blocked suction strainer or a motor issue which can be investigated. If these changes are implemented into the daily and weekly routines it can be expected that the equipment should be able to run for longer therefore improving overall safety and efficiency of the plant (Stamatis, 2003).	Comment by Jake Mowbray: A range of good practically implementable maintenance activities in the interest of asset care.  

[bookmark: _Toc164265844]Task 3

[bookmark: _Toc164265845]Maintenance strategy 

In the scenario maintenance is carried out on equipment to ensure maximum running time and minimal downtime. PU101 is the main electrical motor driven centrifugal pump in the cooling water system the system works by having the suction side (low pressure) of the pump lined up to the cooling water supply and the discharge side (high pressure) of the pump sends water to the vessels that need cooling. When the driver is energized the impeller in the pump will turn causing water to be drawn through the suction and pumped out of the discharge to the vessels (AX, 2019).	Comment by Jake Mowbray: Pr. Some commas are needed. 

 To be sure that the pump is running as intended the main components must be in      operable condition. When pumps are running vibrations can be an indicator of degradation within the pump.  

“Wireless vibration sensors for pumps can increase pump life by detecting abnormal vibrations that may indicate a problem with the pump, such as an imbalance or misalignment. These abnormal vibrations can cause damage to the pump and its components over time, leading to reduced efficiency and a shorter lifespan.”
Furthermore, these devices can detect early signs of failure, this allows the operations team to swap the pumps over before failure or more lasting damage to the asset protecting it for the long term. (NCD, 2022)	Comment by Jake Mowbray: Good identification of useful monitoring device.

[bookmark: _Toc164265846]Which Maintenance Method Is Best?

When considering a Maintenance method there is a choice between Planned Preventative maintenance (PPM) or the run to failure method. Each of these method have benefits depending on the criticality of the equipment and the maintenance budget for the equipment. 

[bookmark: _Toc164265847]Planned Preventative Maintenance

The first method is PPM, the goal of this method is to have scheduled down time on the pump in order to change oil and other consumable parts. This method means that more money will be spent on each individual asset but with the goal of prolonging the life span of the asset (Hupje, 2021). Therefore, this means over a long period of time the overall cost will be lower as the asset shouldn’t need to be replaced. A keys benefit of the PPM method is that the work force can be spread out equally over certain jobs. PPM should allow for minimal failures meaning that workers are not overwhelmed with unplanned maintenance. Another benefit to the PPM method is that the equipment will be reliable, this is an important consideration when looking into equipment with critical applications such as cooling water and fire water (Hupje, 2021). 	Comment by Jake Mowbray: More specific detail here would be better.	Comment by Jake Mowbray: General PPM information.	Comment by Jake Mowbray: pr



[bookmark: _Toc164265848]Run to Failure

The second method of maintenance is the run to failure (RTF) method, this method is when assets are run until they fail putting them out of service. This method means that the running cost of the equipment is low, but the asset will need a full replacement more frequently. This method of maintenance is more commonly used on cheapo equipment which can quickly and easily replaced. Along with this the criticality of the equipment must be considered, if the asset holds a critical role in the process, then it is essential that it does not fail as this could have a multitude of process issues. The last factor which needs to be considered is the safety aspect for example if pump 1 is in service and pump 2 is being replaced due to it being RTF, the health and reliability of that pump cannot be guaranteed. This means that if pump 1 were to fail whilst pump 2 is out of service (OOS) the process would not have cooling water supply which could cause larger problems (Atherton & Gill, 2008). 	Comment by Jake Mowbray: Good.

[bookmark: _Toc164265849]Conclusion

To choose which method to pick for the cooling water system both methods must be analysed. Whilst the RTF methos runs a lean, low-cost strategy it can be seen that the overall cost over a long period of time will exceed that of running a PPM method. 	Comment by Jake Mowbray: pr

Another key consideration into choosing the maintenance method is the reliability factor, with the system in the scenario being cooling water the pumps to an exothermic reaction must maintain good reliability throughout their lifetime. If cooling water to the vessels were to be lost a “run-away” reaction could take place, a run-away reaction can occur when an exothermic reaction is taking place. If there is no supply of cooling water then the temperature inside the vessel will increase, this temperature increases speeds up the reaction inside the vessel. As the reaction begins to accelerate it becomes out of control to the point in which catastrophic failure takes place (Barton & Rogers, 1997). An example of a cooling water fail is the 1986 Chernobyl incident where 30 workers died after the immediate blast and the effects are still being felt to the present day (Association, 2022). 	Comment by Jake Mowbray: pr	Comment by Jake Mowbray: Highlights the importance of operational safety.

Therefore, for the system in the scenario I would choose a PPM method due to its importance on the plant, this can be paired with an RTF method for less important assets such as fin fans keeping the cost down and the efficiency at maximum. (Hupje, 2021)
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