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[bookmark: _Toc172050700]Introduction
Plant flow diagrams and Pipe and Instrument Diagrams (P&IDs) are essential tools in the design, operation, and maintenance of industrial processes. These diagrams provide detailed schematics of the flow of materials and the various instruments used to control the processes within a plant. This report analyses the compressed air system at Biotage, focusing on constructing a P&ID, explaining the system's operation, identifying health and safety issues, and summarising the findings.
[bookmark: _Toc172050701]Flow Diagram/P&ID Construction
The compressed air system at Biotage comprises several key components. Here is a breakdown and construction of the P&ID:
· GA26 VSD Compressor: The primary compressor that increases the air pressure to the desired level, ensuring a consistent and reliable supply of compressed air. Being VSD (Variable speed drive), the compressor adjusts its speed to match the air demand.
· GA18 Compressor: Acts as a backup compressor and will only operate if the GA26 VSD fails.
· Air Receiver: Stores compressed air for a steady supply.
· Inlet Filter: Removes contaminants from incoming air.
· Ball Valves: Located throughout the system, these control the flow of air and facilitate maintenance and isolation of different components.
· Filters: Further clean the compressed air.
· Drier: Removes moisture from the compressed air.
· Oil Separator: Eliminates oil from the compressed air.
The P&ID represents the flow and control of compressed air within the system, detailing the interaction between various components. In normal operation, the GA26 VSD compressor is active, while the GA18 compressor remains on standby to ensure redundancy in case of failure.
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[bookmark: _Toc172050711]Figure 1 - Biotage compressed air setup (A very brief overview of the system) 








[bookmark: _Toc172050702]Plant Operation Explanation
The compressed air system operates by drawing in atmospheric air through an inlet filter, which removes initial contaminants. The filtered air then enters the primary compressor (GA26 VSD). The compressor increases the air pressure to the desired level, ensuring a consistent and reliable supply of compressed air.
Post-compression, the air flows into an air receiver, where it is stored temporarily. From here, the air passes through additional filters to remove any remaining particulates and a drier to eliminate moisture. Finally, the air goes through an oil separator to ensure it is free from oil before being distributed for use within the plant.
Key service requirements for this system include a continuous supply of electricity to power the compressor and associated instruments, as well as regular maintenance of filters and driers to ensure optimal performance.
GA26 VSD Compressor: The GA26 VSD (Variable Speed Drive) compressor is the primary unit responsible for compressing atmospheric air. The VSD technology allows the compressor to adjust its speed based on the demand for compressed air, improving energy efficiency and reducing operational costs. The compressor includes several key components such as an air intake valve, compression chamber, cooling system, and control unit. Diagram of the compressor is located within the appendix of the report.
GA18 Compressor: The GA18 compressor acts as a backup unit and only activates if the GA26 VSD fails or cannot meet the demand. This redundancy ensures that the plant always has a reliable supply of compressed air, even during maintenance or unexpected failures of the primary compressor.
Air Receiver: The air receiver is a storage tank that holds compressed air at a consistent pressure. This helps to smooth out fluctuations in air supply and ensures a steady flow to the end-use applications. The air receiver also allows the compressor to operate more efficiently by reducing the number of start/stop cycles.
Inlet Filter: The inlet filter removes dust, dirt, and other contaminants from the atmospheric air before it enters the compressor. This is crucial for protecting the internal components of the compressor and ensuring the quality of the compressed air.
Ball Valves: Ball valves are used throughout the system to control the flow of air. These valves can be manually or automatically operated to isolate sections of the system for maintenance or to adjust the flow rate.
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Description automatically generated]Filters: After compression, the air passes through additional filters to remove oil, moisture, and other impurities. These filters are essential for maintaining the quality of the compressed air and protecting downstream equipment.
Drier: The drier removes moisture from the compressed air, which is important for preventing corrosion and damage to pneumatic equipment. The most common type of drier used in compressed air systems is the refrigerated drier, which cools the air to condense and remove moisture.
Oil Separator: The oil separator removes oil from the compressed air, which is particularly important in applications where oil contamination can cause damage or affect product quality.  [bookmark: _Toc172050712]Figure 2 - Oil separator diagram (hiline industries,2024)



The P&ID for the compressed air system at Biotage provides a representation of the flow of air and the interaction between various components. The diagram helps engineers and technicians understand the system's operation, troubleshoot issues, and plan maintenance activities.



[bookmark: _Toc172050703]Health and Safety Issues
Operating a compressed air system involves several health and safety considerations, particularly related to COSHH (Control of Substances Hazardous to Health) and COMAH (Control of Major Accident Hazards) regulations.
[bookmark: _Toc172050704]COSHH (Control of Substances Hazardous to Health)
The Control of Substances Hazardous to Health Regulations require that all hazardous substances, such as oils and particulates in compressed air, are properly managed. Regular maintenance and monitoring of filters and oil separators are crucial to prevent exposure to harmful substances (Health and Safety Executive, n.d.a). In the context of the Biotage compressor setup, COSHH regulations are particularly relevant for handling lubricants and cleaning agents used in the maintenance of the compressors and associated equipment. Proper labelling and storage of these substances, along with the use of PPE such as gloves and safety glasses, are mandatory to prevent exposure. Ventilation systems in the plant ensure that any vapours or fumes generated during maintenance activities are safely extracted, minimising the risk to workers.
Training sessions are conducted regularly to keep the staff updated on the latest safety protocols and handling procedures. Health surveillance programs are in place to monitor the well-being of employees who may be exposed to hazardous substances, ensuring early detection and management of any health issues that may arise.
[bookmark: _Toc172050705]COMAH (Control of Major Accident Hazards)
The Control of Major Accident Hazards Regulations mandate the implementation of safety measures to prevent and mitigate major accidents. For the compressed air system, this includes ensuring all components are in good working condition, conducting regular safety audits, and having emergency response protocols in place (Health and Safety Executive, n.d.b). In the context of the Biotage compressor setup, COMAH regulations ensure that the plant is well-prepared to handle any major accidents that may occur. The safety management system at Biotage includes detailed procedures for regular inspections and maintenance of the compressors and related equipment to prevent any failures that could lead to hazardous situations.
Emergency plans are in place to address potential incidents, such as compressor malfunctions or leaks, which could pose significant risks. These plans are regularly tested through drills to ensure that all employees are familiar with the emergency procedures and can respond effectively.
Training programs cover a wide range of topics, including the handling of hazardous substances, the use of emergency equipment, and the steps to take in case of an accident. Regular reviews and updates to the training content ensure that employees are always equipped with the latest knowledge and skills.
The plant also has a robust system for reporting and investigating incidents. This ensures that any issues are promptly addressed, and lessons learned are used to improve safety measures and prevent future occurrences.
[bookmark: _Toc172050706]Work in Compressed Air Regulations 1996
The Work in Compressed Air Regulations 1996 provide a framework for managing health and safety risks associated with working in compressed air environments. Key aspects include safe systems of work, competent persons for specific roles, health surveillance, compression and decompression procedures, and emergency protocols (Health and Safety Executive, 1996).
Notification of Work: Employers must notify the HSE before starting any work involving compressed air. This ensures that proper safety measures are in place and that the work is carried out under controlled conditions.
Safe Systems of Work: Employers are required to establish and maintain safe systems of work, including procedures for compression and decompression, to protect workers from the risks associated with high-pressure environments.
Competent Persons: The regulations mandate the appointment of competent persons to oversee various roles and responsibilities within the compressed air system. These individuals must have the necessary training and experience to perform their duties safely and effectively.
Health Surveillance: Regular health surveillance is required for workers involved in compressed air work to monitor their health and detect any adverse effects early. This includes medical examinations and monitoring of exposure levels.
Emergency Procedures: Employers must have emergency procedures in place to deal with incidents involving compressed air. This includes providing adequate training for workers on how to respond to emergencies and ensuring that appropriate equipment is available for rescue and first aid.
[bookmark: _Toc172050707]Pressure Systems Safety Regulations 2000 (PSSR)
The Pressure Systems Safety Regulations 2000 (PSSR) aim to prevent serious injury from the failure of pressure systems. They require a written scheme of examination for any pressure equipment operating above 0.5 bar and mandate regular inspections and maintenance (Health and Safety Executive, 2000; Health and Safety Executive, 2014).
Written Scheme of Examination (WSE): Before using any pressure equipment, a written scheme of examination must be in place. This document outlines the inspection and maintenance requirements for the equipment to ensure it operates safely.
Competent Person: The role of the competent person is critical in the PSSR. This individual is responsible for carrying out inspections, preparing reports, and ensuring that any necessary repairs are made. The competent person must be independent from the operation of the equipment to provide an unbiased assessment of its safety.
Record Keeping: Employers are required to maintain records of all inspections, examinations, and maintenance activities. These records must be readily available for review by regulatory authorities and must be kept for the lifetime of the equipment.
Pressure Relief Systems: The regulations specify the need for pressure relief systems to prevent over pressurisation and potential explosions. These systems must be regularly tested and maintained to ensure they function correctly.
Precautions taken at Biotage include routine inspections, proper labelling of hazardous components, comprehensive training for staff on handling and maintaining the compressed air system, and adherence to the specified regulations to ensure a safe working environment.
Routine Inspections and Maintenance: Regular inspections and maintenance are crucial for ensuring the safe operation of the compressed air system. This includes checking for leaks, monitoring pressure levels, and replacing worn or damaged components. Inspections should be conducted by trained personnel and documented in the maintenance records.
Training and Competency: All personnel involved in the operation and maintenance of the compressed air system must receive proper training. This includes understanding the risks associated with compressed air, knowing how to operate the equipment safely, and being aware of emergency procedures. Regular training updates and assessments should be conducted to ensure ongoing competency.
Emergency Response: Emergency response procedures must be established and communicated to all relevant personnel. This includes procedures for dealing with leaks, equipment failures, and other incidents. Emergency drills should be conducted regularly to ensure that personnel are familiar with the procedures and can respond effectively in an emergency.
Hazard Labelling and Signage: All components of the compressed air system should be clearly labelled with hazard warnings and operational instructions. This helps to ensure that personnel are aware of the potential risks and know how to operate the equipment safely. Signage should be regularly inspected and maintained to ensure it remains visible and legible.
Health Surveillance: Regular health surveillance should be conducted for personnel who work with compressed air. This includes medical examinations to detect any adverse health effects early and ensure the well-being of the workers involved.





[bookmark: _Toc172050708]Conclusions
The Biotage compressor setup is a critical component of the plant's operations, ensuring the provision of clean, dry, and oil-free compressed air. The system's efficiency is enhanced using a variable speed drive compressor, and the overall safety is maintained through strict adherence to COSHH, COMAH, Work in Compressed Air Regulations 1996, and PSSR regulations. By implementing comprehensive health and safety measures, Biotage ensures the well-being of its employees and the reliability of its plant operations.
The detailed analysis provided in this report, along with the constructed P&ID, highlights the importance of understanding and maintaining complex industrial systems. The focus on health and safety underscores the commitment to creating a safe working environment, which is essential for the smooth operation of any industrial plant.
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[bookmark: _Toc172050713]Figure 3 - GA26 VSD Compressor diagram
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