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[bookmark: _Toc172033471]Introduction 
[bookmark: _Toc172033472][bookmark: _Toc170885889]Aims
[bookmark: _Toc172030788][bookmark: _Toc172033473]The main aim of the report is to give an insight into the operation of a compressed air system that is utilised at KLA. This system is required within a semiconductor manufacturing and R&D company as it is vital for operating pneumatic instruments, as to function effectively, a clean and reliable air supply must be on hand. A Pipe and Instrumentation Diagram (P&ID) will be drafted for a suitable system, explaining each component and the operation. 
[bookmark: _Toc172033474]Objectives

· Create and Analyse a P&ID: The first objective that will be addressed, will be to construct a P&ID that simulates the compressed air system used within KLA’s site. The P&ID will cover key components such as compressors, motors, and valves. 
· Compressed Air Operations: The next objective is to explain how the mechanics of the compressed air system operate. This will run through each step and describe how the systems works, from initial air intake to the supply to the shop floor.
· H&S Assessment (Health and Safety): The final objective is to identify and evaluate the risks associated with the compressed air system. Relevant regulations will be discussed. 

If the three objectives are achieved, the report will show how KLA make sure the operation of their compressed air system is safe and efficient.


[bookmark: _Toc172033475]Compressed Air P&ID – Analysis
Throughout KLA’s manufacturing and research operations, pneumatic instrument and processes require a working compressed air supply. The following analysis of the system used at KLA will include an overview of the systems components, operational principles, maintenance practises and brief cover of safety considerations.
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Figure 1- Compressed Air P&ID (Drafted using visual-paradigm.com)





[bookmark: _Toc172033476]Key Components and Their Functions 
Compressor & Motor
The compressor will use and convert energy from the electric motor into compressed air. This normally aims for pressures ranging from 8.618 to 10.324 bar. This is a critical component in the system as it is responsible for generating the primary supply for compressed air.
Air Treatment Components
There are several air treatment components used within the wider process. These are listed below:
· Inlet – Air Filter: Used to remove all potential particles or contaminants from the atmospheric air before entering the compressor. The idea is to protect further components from potential damage while making sure the compressed air is pure.
· After Cooler: This will circulate cooling water through a heat exchanger to cool hot compressed air. Results in lower temperatures while working with moisture condensation.
· Moisture Separator & Condensate Trap: To avoid water droplets from entering the distribution system, these components will be tasked with removing moisture from cooled air (Becky, 2022). This will protect further downstream pneumatic instruments and processes directly around the plant.
· Dryers & Oil Remover: Aim to eliminate any remaining moisture and oil vapourers. This further ensures a dry and clean air supply ready for the processes at KLA.
Pressure Control & Safety Devices
The following devices used throughout the system are listed as below:
· Pressure Control Valves (PCV): Implemented to maintain and regulate most desirable air pressure levels which ensures satisfactory performance of pneumatic instruments and systems.
· Safety Relief Valve: This will release any excess pressure without manually intervention the prevent any damage or hazards such as an event of pressure exceeding the safety limits.
· Pressure Gauges & Indicators: These will provide a user interface that shows real-time feedback of statuses such as pressure levels.

Distribution System (Pneumatic tubes, Pipes and Valves):
These components facilitate the transport of compressed air from the air receiver to various points of use throughout KLA's plant.

[bookmark: _Toc172033477]Operational Principles
The following flow chart demonstrates how the compressed air system flows throughout the system. Refer to section 4.1 of the report for an in-depth overview of the system.
[image: ]
Figure 2 - Compressed Air Process Flow  
[bookmark: _Toc172033478]Maintenance Considerations 
Appropriate maintenance of the air system is absolutely required to keep the operation running continuously while helping to the longevity of the components.  The following points should be considered:
· Frequent Inspection: There should be scheduled inspections within the facility departments maintenance plans of components such as of filters, separators, and valves to check for leaks, blockages, or wear.
· Filter Replacement: Again, there should be scheduled replacements of filters and desiccants to make sure air quality is not comprised. This will also prevent contamination from happening. 
· Oil Checks: There should be frequent monitoring of oil in the system to prevent build up. Draining to take place before issues occur (Birkan Işık, 2023).
· Calibration of components: Annual calibration of components such as pressure gauges and control valves. This makes sure they maintain accuracy. 

[bookmark: _Toc172033479]Safety Considerations
Health and safety protocols must be adhered to while operating with a compressed air system:
· Risk Assessments: Potential hazards must be considered such as overpressure, and mechanical issues. At KLA, there is a hazard reporting application on our internal intranet system that allows employees to report potential hazards and the EHS team will redirect to the relevant department.
· Training and Procedures: Regular toolbox talks will be conducted by the lead Health and Safety officer to supply personal with safe operating practises of the system. Any procedures revolving around emergency response will also be included in these sessions.
· Regulatory Compliance: The Work in Compressed Air Regulations 1996 should be adhered to when undertaking any work on a compressed air system.



[bookmark: _Toc172033480]Operation of Compressed Air Supply Systems

This part of the report will give a detailed explanation of how the compressed air system would work at KLA’s manufacturing and R&D plant. This will provide an overview and highlight the functions of key components.

[bookmark: _Toc172033481]Operational Overview
Several stages of the compressed air system at KLA require a specific sequence which will allow the service of high-quality compressed air to numerous points throughout the plant. Below will be a detailed overview of the flow chart in Figure 2.
Air Intake & Filtration 
The system starts with the process of atmospheric air getting drawn in through an inlet air filter. This is the first critical component as it removes all dust, dirt, and contaminants from the air before entering the compressor (Chen et al, 2016).
The process begins with atmospheric air being drawn into the system through the inlet air filter. This component plays a crucial role in removing dust, dirt, and contaminants from the incoming air stream before it enters the compressor.
Compression & Cooling
At this stage, the air is now filtered so it can enter the compressor and will undergo compression driven by an electric motor. The air pressure increases because of the mechanical process, while also generating heat. 
To prevent overheating at this stage, the compressed air will pass through a component called the after cooler. Cooling water then runs through a heat exchanger, decreasing the air temperature. Moisture is condensed and removed.



Moisture Removal
Any remaining moisture droplets will be removed once the cooled air enters the moisture separator. This is a very important step as the moisture could potentially affect pneumatic instruments if it is nor controlled.
Storage and Distribution
Now the air has been conditioned and purified it will be stored in the air receiver. This storage is used to meet supply and demand around the plant while giving an option of emergency supply in case the compressor fails (Olabi et al., 2021).
From the point of storage at the air receiver, the compressed then moves onto a stage of dryers and removers. These parts will further purify the air by eliminating residual moisture and oil vapours. This ensures the air is suitable for semiconductor manufacturing processes at KLA.
Pressure Regulation and Monitoring
Pressure control valves (PCV), reducing valves, and pressure indicators play a vital part in the maintaining and monitoring of the entire processes pressure levels. These are required to make sure the required pressure levels of compressed air is delivered so that operations needs are met without deferring from safety specs.










[bookmark: _Toc172033482]Health and Safety Issues 
To maintain a safe working environment while working with compressed air systems, Health and Safety must be considered. The following section of the report will identify and evaluate potential health and safety risks associated with the system, while going through relevant regulations and measures a company like KLA must implement if they are using these types of facilities. 
[bookmark: _Toc172033483]Compressed Air Risks
Overpressure Hazards
The risk of overpressure is considered one of the main concerns regarding safety risks around a compressed air system. If the pressure exceeds safety limits, the system could fail which could potentially cause an explosion (Risk Consultation, 2020). This is a serious risk to personnel working on site.
Throughout the system safety relief valves are used which work by releasing air automatically once pressure exceeds safety limits. This prevents overpressure scenarios from taking place. The facilities team will have a schedule of when these valves require calibration.
Contamination
Dust, oil, and moisture are common contaminants that tend to be the cause of damaged equipment throughout compressed air systems. Known to cause damage to pneumatic instruments, product quality and health risks to employees if exposed (Copco, n.d.).
This system uses methods such as multiple filtration stages and oil removal to ensure the air is clean. Filters will be replaced regularly to ensure the reliability and effectiveness.
Noise Hazards
High noise levels from equipment such as compressors can potentially cause ear damage to operators. There are several points around the system that keep storage of disposable ear plugs. 




Mechanical Failures
Mechanical failures of components such as motors can result in the system coming to a halt which can cause other risks such as overpressure. Again, there will be a regular maintenance schedule that includes inspection, repair, and replacement of old parts (Welcome, 2023).
Ergonomic Risks
Handling heavy components such as air receivers can pose an ergonomic risk, leading to workforce injuries. Training will be provided from the lead health and safety officer on safe handling procedures including lifting equipment.

[bookmark: _Toc172033484]Relevant Regulations 
To safely implement a compressed air system at KLA, the relevant regulations must be followed. The Compressed Air Regulations 1996 is a non-negotiable and must be followed to make sure maintenance and safe operation of the system is employed, this is put in place to prevent the previous hazards/risks mentioned earlier on within this report (HSE Books, 1996). The Provision and Use of Work Equipment 1998 (PUWER), states that the equipment used within the system is safe, maintained to standard, and used by operators who have been properly trained.
Furthermore, the class of which the air quality must conform has to be considered. This is determined for a compressed air system according to ISO 8573-1. This sets the standards for compressed air. KLA will comply with these regulations by having maintenance schedules in place, providing training to the relevant workers, and monitoring of the air quality to meet standards. 








[bookmark: _Toc172033485]Precautions and Measures 
Training 
Proper training is critical for the safe use and maintenance of the compressed air system. The workforce at KLA will have access to continuous training material on personal protective equipment (PPE), and emergency procedures. 
Emergency Procedures
Clearly define processes are in place in case of an emergency. This ensures there can be quick and effective responses to incidents at KLA. These will include evacuation routines, and first=-aid responsibilities. Training workshops will ensure workers are familiar with these processes.
Regular Inspections and Audits
KLA has a schedule of regular inspections of numerous components used throughout the compressed air system while conducting safety audits monthly to ensure safe operation of the system all year round. By carrying out these routine and safety audits the organisation is complying with health and safety regulations as they have every opportunity to spot potential hazards (FS Audits, 2018).
Maintenance and Monitoring
KLA uses a robust maintenance schedule which uses preventive and predictive techniques. Advanced monitoring systems ensure performance is tracked so that potential risks can be detected live.








[bookmark: _Toc172033486]6   Conclusion 
KLA require a compressed air supply system to support day-to-day operations throughout their manufacturing and R&D plant at Newport. The construction and operation of a compressed air system required has been shown within this report, while also making a point of key components required such as compressors, and dryers. By addressing this type of systems health and safety requirements, it has been shown that the relevant regulations have been followed such as Compressed Air Regulations 1996, PUWER 1998, and ISO 8573-1 for air quality standards. Proper maintenance practises have been put in place ensuring that the system is reliable and safe during operation. KLA’s approach of being committed to operation excellence has been demonstrated throughout the report as it has been shown employee wellbeing is thought of in detail. To conclude, this contributes to the organisations success within the semiconductor industry. 
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