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Throughout this report, I’ll be investigating and evaluating the energy efficiency of an equipment and process. Decisions on how the energy consumption can be reduced will be investigated and how to understand the importance of asset management. The report will also be looking into the current maintenance plan that is in a company and will be interpreting and evaluating the equipment’s current maintenance requirements from a process and engineering perspective. This will be done to ensure it operates efficiently and effectively to reduce energy and waste in the engineering operation. 
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KLA, SPTS Technologies design, manufactures, sells, and supports Semi-Conductor manufacturing machines. Semiconductors are an essential component of an electronic device. They enable advances in sectors such as communications, computing, healthcare, military systems, transportation, clean energy, and countless other applications.
The types of machines that KLA manufacture is for the ETCH, PVD, CVD and MVD sectors. This equipment provides advances wafer process techniques and solutions for the semi-conductor and microelectronics industries. Market applications of SPTS include micro-electromechanical systems (MEMS), Advanced packing, LED, High Speed RF device IC’s and semiconductor power.
Moreover, asset management will be investigated and the importance of this throughout companies. Keeping track of an asset in the company is a very important task that can save the company lots of time and money. The reason for asset management enables the process of maximising the company’s assets to provide the best return to the stakeholders. Businesses have lots of assets which range from liquid to fixed and it’s important that they manage them to get the most returns. Assets “allow the organization to keep track of all their assets. It can tell where the assets are located, how they are used, and when changes were made to them. The data from the asset management solution can ensure that asset recovery will lead to better returns” (Regalado, 2016).  Some benefits of asset management are to reduce customer complaints, increase the customer value, improve efficiency, budgeting for the future, ensure to comply with regulations and equipment management said Bender, 2020. 
Moreover, we’ll be discussing a current equipment that’s in my company. We have roughing pumps that operate our machines for testing once they’ve been manufactured in production. These roughing pumps are a core part of the process testing our machines and allowing the tools to achieve high vacuum processes. A Roughing pump is the pre stage to a cryogenic pump where the cryogenic pump achieves the ultra-high vacuum which we can then run over processes of the wafer in the chamber.   If these weren’t maintained, it would cause critical failures and have modules on stop which would therefore affect the business. A roughing pump allows the machine to work towards the first stage of high vacuum or ultra-high vacuum. Jamal, 2020 said that “The term "roughing pump" derives from the vacuum range it works in, "rough vacuum", above 1x10−3 torr (0.1 Pa)”. 
Currently, there’s no structured maintenance programme. The current maintenance schedule that the SPTS facilities team runs is a basic visual check which inspect the seal perishing, test VAC levels with a Pirani gauge, then apart from that its RTF (run to failure) which can raise alarms that there is no robust maintenance program. All these data collection stages above if not done, can dramatically reduce the lifespan of the roughing pumps which would take a downfall in the companies budgeting. 
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Table 1, Table to show SPTS’s current maintenance plan for the roughing pumps in the manufacturing areas for the test bays. (SPTS, 2023)
Looking into failures, if a roughing pump is not maintained on a regular basis, it could build up contaminants in the system which will produce less suction resulting in the machines not being able to achieve the vacuum pressures that are needed for test specifications. It will “increase in noise, extend processing times, overheat, and even eventually not turn on or have slow starts” (Dabrowski, 2021). Looking at the historical data, its shown that the pumps aren’t having the preventative maintained as much as they should be which could result in failures. Something needs to be implemented to prevent the consequences of failure overtime. 
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Furthermore, evaluation of how the current approaches that SPTS has can be improved will be discussed. Physically, to improve the currently basic maintenance plan, there should be weekly scheduled checks to enable the engineers to inspect all roughing pumps regularly. We need to investigate how potential failures can be reduced by implementing an approach to be able to make our condition monitoring maintenance plan more reliable and completed on a regular basis to avoid the consequences of failure. Condition monitoring techniques can be set in place to monitor failures. This will be put in place to monitoring if its cost-effective maintenance activity.
Maintenance strategies such as periodic inspections/maintenance based on RH (running hours) should be implemented. A Reliability Centred Maintenance (RCM) process can be introduced to ensure that the maintenance tasks are performed in a safe, cost-effective, efficient, and reliable manner.  An RCM can be implemented to “document the entire process throughout the system, equipment, or component life-cycle for every asset in the facility” (Inspectioneering, 2015). The purpose of RCM is to ensure maintenance and inspection tasks are centred around improving the reliability and safety of equipment and this can be done within SPTS to monitor the maintenance strategies on the roughing pumps. An RCM can be monitored on an internal company’s system e.g., Microsoft Teams, Excel, Facilities data sheets and the “The final result of an RCM program is the implementation of a specific maintenance strategy on each of the facility’s assets” (Automation, 2021). 

Another approach to improve the maintenance plan could be integrating a computerized maintenance management system (CMMS) into SAP, which is the software SPTS uses to manage the business production processes like bills of materials, purchasing, development, to aid in scheduling. A CMMS is a software which centralizes the maintenance information and facilitates the process of a maintenance operation. This maintenance plan helps “optimize the utilization and availability of physical equipment like vehicles, machinery, communications, plant infrastructures and other assets” (IMB, 2021). 

As there is no set maintenance plan, we can investigate how the processes can be improved in the current maintenance plan. We need to consider these roughing pumps as an aging asset. As the roughing pumps are connected in the test bays, when a machine is not in the test operation, the roughing pump is continuing to work and consume energy which is increasing the company’s waste energy consumption. Once the machines have completed the test procedures and moved to decommissioning prior to shipping, the service of the roughing pump is no longer required. A unit which allows the turbo pump to be shut off if not in use is a good recommendation to save energy consumption and results in less time needed for maintenance. There would be less time in maintenance as the pumps would not be running over a 24/7 period and only when the machines are being reconnected as per demand. Therefore, there is more control capabilities within the test cells. This enables condition monitoring, even though if it’s in perfect condition, as this unit will stop the roughing pumps decreasing in condition quicker than if they weren’t turned off when not in use. This will be a change management implication for the engineering team to introduce this to the shop floor. It would have to go through the Management of Change (MOC) process. This enables all individuals involved to understand the equipment.
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Figure 1, Test Bay Services Unit. An example of the unit which would be installed in the test bays to allow the roughing pumps to be shut off when the test bay isn’t facilitated. (SPTS, 2023)

Having this plan in place will avoid failures which have safety consequences, this is called safe-life limits. This will mean that no failure will occur before its life limit is reached.  This above test bay service will intend to prevent failures which is the economic life limits. This will reduce the probability of failure. 
Lastly, we could hire an external specialist contractor, but it has its disadvantages. These could be the workforce acceptance, difficulties to develop in house staff condition monitoring skills, additional monitoring charges and ownership of plant data will not necessarily be held in house whereas our documentation is confidential. We need in house maintenance implementation which will allow all the expertise in house and have the knowledge of the machines in the first instance. 
As evaluated above, its evident that the services unit would benefit the company for energy use, and to adhere to the maintenance plan more regularly. 
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Looking further into the integration of a test bay services unit, we will investigate a consideration of the costs and resources required to implement these changes. We’ll investigate the costs savings implementing the service units which will give us a baseline. In SPTS, we pay our energy supplier 0.28 p per kw per hr. The roughing pumps all together total 30 kw, 6 pumps on 4 kw and 6 on 1kw. If we multiply 30 by 0.28, this will equal to 8.4 which is how many pounds per hr it costs to run the pumps. If we multiply 8.4 total by 24, this gives us a daily cost of £201.60, then annually its £73,584 annual cost savings.
Cost benefit analysis is a direct maintenance cost saving which will result in a less maintenance activity required. Therefore, I will be discussing the energy saving consumption. So, 8 hours which the pumps aren’t used and multiply by 5 days, that covers nights shifts when no one is operating any machinery on the shop floor. The 48 hours covers Saturday and Sunday so that’s 88 hours per week we could have shutting the pumps down when we don’t need them. Furthermore, we multiply by 52 which will give total running hours that we don’t use the pumps. Then, the potential cost savings based on utilisation and adoption is £24,460 (which could be overtime and weekend work) and the maximum would be £38,483 savings. This will save the company a great deal of energy with the current energy costs that are driving rapidly in society.
To introduce this, system development and engineering costs will have to be taken into place. Below has been created to look at the development costs of the unit to install the unit into the test bays:
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Table 2, Table to show the costs of the new unit which would be in the maintenance plan. Based on SPTS Eprocure software. (KLA, 2023)
To implement this, a facilities engineer would implement this which would cost the company on the time it would take for the operation which is around £20 per hour. It would take around 2/3 hours to install this hardware. Risk assessment and developing a safe working procedure with the installation modification would have to take place to ensure safety and safe working practices present and future. To follow on from risk assessments, management of change (MOC) procedures would have to be put in place for this equipment. By completing a MOC, it enables cross functional changes and engages people with the change in process. This will enable these ideas to succeed and prepare for the transition and decreases the resistance to change improving the productivity and performance. 
Although we’ve discussed the energy savings, this will decrease the downtime of the tools as they won’t have to be shut down and maintained after there running cycles every 6 months. For the implementation of this equipment, it needs to be ensured that the operation of the equipment is understood, and the settings are set to ensure the reliability of measurements. 
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To conclude, there are many suggestions throughout this report that will significantly improve the current maintenance practices. The discussed process of the service unit would allow significant improvements and changes in the maintenance schedule to keep to the timeline of 6 months visual checks on the roughing pumps, and by adding a CMMS to our SAP system so that we’re prompted when the checks must be performed, and it’s held in a monitored database by SAP. This would give the company a direct maintenance cost savings and the planned time-based maintenance activity would be reduced due to the turbo pumps now having a lot more downtime than being run on a 24/7 period. Consideration in lead time on spares. As manufacturing supply chains are struggling, we would need to consider the costs of spares and repairs of the equipment. 
Moreover, recommendations on the process will be discussed. The short recommendations would be to investigate fitting these services units into the test bays to allow the engineers to shut the turbo pumps down when the bays aren’t facilitated. The medium recommendations would be to maintain these units and investigate the gains with the lifespan of the turbo pumps over a 12-month period. Look into has this improved the efficiency of the turbo pumps and are they no longer decreasing in the performance. Engineers on the shop floor should have in depth training of these units and to emphasise how much of an impact it’s had to the company’s energy uses. All management should be made aware of these changes and how much it’s impacting the company’s assets. The long-term recommendations would be to integrate the turbo pump services maintenance plan to the CMMS system within SAP to allow all control capabilities with the maintenance timelines for the manufacturing shop floor and the facilities team who install and decommission the turbo pumps when the product has reached its life cycle end. 
For the future, further cost savings can also be made if implementing this across the build bays within the manufacturing areas. There’s also potential to incorporate the system for the chillers, compressors and other energy consuming equipment. This will all enable further maintenance planning and schedules but again a cost saving for the company. Throughout this assignment, the energy efficiency has been evaluated for the equipment and process. Decisions have been made to reduce energy consumption and understanding how important asset engineering is. Evaluations have been made for maintenance requirements and ensure that its efficient and reduces process waste. 
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15 manufacturing chase bay 12/13 edwards 962071657 | 1Q80/1200 UNKNOWN YVES offsite
28 manufacturing chase bay 3 edwards 17139609 1QDP80 u/s YES offsite
59 manufacturing chase bay 3 edwards RS0053641 | 1080/1200 Good NO good pump 3.1mT
62 Bay 3 Manufacturing edwards RS0053127 | 1080/1200 Good Aug-22 NO Good pump - 10mT
63 manufacturing chase bay 3 edwards R50050333 | 1080/1200 Good NO good pump 35mT.
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125 manufacturing chase bay 2 edwards 159327459 | IGX100-N UNKNOWN Aug-22 not yet offsite
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130 manufacturing chase bay 5 pfeiffer AP8025825 | AOS604H Good NO good pump 4mT -
132 manufacturing chase bay 5 pfeiffer AP8061412 AG0aH Good NO good pump 14mT
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169 Bay 3 Manufacturing edwards 17478 1080/1200 Good Aug-22 NO Good pump - 45mT
170 Bay 7 Manufacturing edwards 17479 1080/1200 Good Aug-22 YES Top pump seized
108 manufacturing chase bay 2 edwards 37930138 1QDP80 Good NO YES 7mt
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