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STANDARD OPERATING PROCEDURE FOR USE OF PRESSURE SWING 

ADSORPTION MEDICAL OXYGEN GENERATION PLANT & LIQUID MEDICAL 

OXYGEN TANK(Version 1.0) 

Medical oxygen definition 

Medical oxygen is highly purified oxygen used for medical treatment. Production of medical 

oxygen requires drug license.  

Medical oxygen produced by Pressure swing adsorption (PSA)/ vacuum pressure swing 

adsorption (VPSA) plant is termed as oxygen 93±3% (v/v).  

Oxygen 93% 

Content Acceptable concentration 

Oxygen 90-96% (v/v) 

CO2 <300 ppm (v/v) 

CO <5 ppm (v/v) 

Water <67 ppm (v/v) 

Viable/ non-viable particulates Eliminated/ minimized and adequately controlled 

 

Table 1: Acceptable impurities of oxygen 93% (±3%) 

Air separation units (cryogenic technology) generate at least 99% pure oxygen. This grade 

found in liquid in cryogenic tank and gaseous in high pressure cylinder. 

Oxygen 99% 

Content Acceptable concentration 

Oxygen ≥ 99% (v/v) 

CO2 <300 ppm (v/v) 

CO <5 ppm (v/v) 

Water <67 ppm (v/v) 

 

Table 2: Acceptable impurities of oxygen 99% 

Calculation of oxygen requirement excluding epidemic/ pandemic of respiratory illness 

Excluding pandemic/ epidemic situation, oxygen requirement in acute care setting is 

calculated as 1000 cubic feet/ bed/ month. 

1000 cu. ft. = 28 cu. Metre= 28000 litres. 
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If requirement is > 35000 cu. ft/ month (991 cu. metre or 991000 litre), bulk storage of O2 

should be planned.  

If requirement is < 35000 cu. ft/ month, gas manifold may be used as source of O2. 

Calculation of oxygen during epidemic/ pandemic phaseof respiratory illness 

Hourly requirement= (Number of general beds X 10 litres per minute) + (Number of 

critical care bed X 30 liters per minute).  

Daily requirement = Hourly requirement X 24.  

PSA, Cylinder & LMO requirement Calculations 

Oxygen 

beds  

(10 lpm) 

ICU 

Beds 

(30 lpm) 

Approx. O2 

Requirement/day 

(Cu.m) 

No. of D 

Type 

Cylinder 

Required 

Oxygen 

Generator 

Capacity 

Required (LPM) 

LMO 

Capacity in 

KL  

(1 day 

requirement 

+ 1 day 

buffer) 

A B C D  E F 

Example 

type of bed X flow 

liter per minute X 

min X hr /1000 

(A*10*60*24/1000) 

+ 

(B*30*60*24/1000) 

(C/7.1 cubic 

meters) 
A*10+B*30 (2*C/877.8) 

100 20 1440+864=2304 325 1600 5.25 

10 LPM is taken as standard oxygen flow rate per oxygen bed and 30 LPM is taken per ICU 

bed as per Govt. of India (at high altitude flow subject to change).  

 

Table 3: PSA, cylinder and LMO requirement calculation 

Pressure Swing Adsorption (PSA) plant 

PSA plant is preferred source of O2 in remote and offshore places where transport of gas 

cylinders or access of tanker carrying liquid medical oxygen (LMO) is difficult. PSA plant 

should cover 100% of O2 demand of the facility. PSA plant should work at 10-40°C, 15-95% 

relative humidity and 0 to 1000-metre altitude (minimum requirement). Manufacturer 

should provide at least 48-month warranty.  
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Diagram1: Process & flow of LMO, PSA & CYLINDER MANIFOLD 

Life Span 

Minimum 15 years and certificate in this regard should be from OEM. Vendor should also 

certify the availability of all the parts/spares/accessories delivered with the equipment to be 

available for 15 years. Certification from the OEM should be produced in this respect. 

Source: Tender No: CMSS/PROC/ 2020-21/PSA PLANT/018 

Principle 

Oxygen generation plants use two vessels filled with zeolite molecular sieve as adsorbers, as 

compressed dry & clean air passes up through one of the adsorbers, the molecular sieve 

selectively adsorbs the nitrogen, then allows the remaining oxygen to pass up through the 

adsorber and exit as a product gas and supply to MGPS system. 

Space 

Site for installation of PSA plant should be close to ward. Required area is variable 

depending on capacity of plant and manufacturer,  
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Civil construction 

Enclosure should be well ventilated. Civil construction should be done as per existing 

guidelines of Government of India.  

Power supply 

Example: 1000LPM PSA- Uninterrupted power supply of 440V, 300amps, 3 phases, 50Hz 

is required depending on capacity of plant and manufacturer.  

Generator backup 

Example: 1000 LPM PSA- Diesel generator backup of 250 KVA is required, power 

requirement vary on depending on plant capacity and manufacturer.  

Typical Equipment 

 

Diagram2: PSA plant 

Duplex compressors 

Compressor is the heart of PSA plant. Screw compressors are used to run PSA plant 24X7.  

Oil level should be checked before starting compressor, and trapped water should be 

drained manually every hour, even the auto drains are available during running the 

compressor. 

Compressors should undergo periodic maintenance at defined time intervals for proper 

functioning. Process of compressing air increases water vapor concentration.  

Compressor output pressure should be 5.5-7 bar (low pressure). Volume of air delivered by 

compressor is called capacity of the compressor.  

Dust filter 

Compressed air passes through Oil & dust filter before passing through drier. Inspection of 

filter should be done every month.  
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Refrigerated air dryer 

Compressed air is cooled using refrigerant (in between 2ºC to 7ºC) which helps moisture to 

condensate water and reheated to ambient temperature. While starting PSA plant, 

refrigerated air drier should be started first.  

Dry air receiver 

Moisture free dry air is stored in dry air receiver. It acts as a buffer. It is fitted with pressure 

gauge. It has pressure relief valve on top & drain valve below the receiver tank. 

Dust & Coalescer Oil filter (activated carbon filter) 

Dry air passes through oil and dust filter before entering zeolite molecular sieve. Inspection 

of filter should be done every month and drain the valve by opening drain valve every 2-3 

hours. 

Duplex molecular sieve 

Duplex molecular sieves are tanks filled up with zeolite which adsorbs N2 and allows O2 to 

pass through the sieve. Zeolite may be Na, Ca or Li based. Forward flow through sieve is 

called “nitrogen adsorption” at high pressure between 5-6 bar and reverse flow (for venting 

N2 from saturated zeolite bed) is called “blowing down/depressurization/regeneration”. 

Tank pressure during regeneration phase is 0 bar.  

Purity of O2 goes low with lowering of tank pressure. Life of zeolite may decrease with 

humidity, oil and quality of zeolite but ideally it is 3-5 years. It has pressure relief valve on 

top.  

Human machine interface (HMI) screen 

HMI screen is installed in front panel of PSA. It indicates important parameters. 

 Purity of O2 in percentage (%VV),  

 Output pressure of oxygen   

 Flow of oxygen in litres per minutes.  

It also has setting buttons to control the PSA.  Any fault can be seen at HMI screen. Low O2 

concentration alarm is activated if concentration of O2 is < 90% and low-pressure alarm is 

activated if output pressure is less than set pressure (3.7- 4 bar). Other alarms may appear 

on the screen as high pressure alarm, high temperature alarm, power failure, system failure, 

active reserve source, air dryer pressure dew point (>3°C).  
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Storage tank 

Purified medical grade O2 is stored in output tank. It has pressure transmitter, pressure 

gauge fitted on side and pressure relief valve on top.  

Oxygen analyzer 

PSA plant has inbuilt O2 analyzer, purity/concentration of O2 should be checked daily 

and record should be maintained. O2 analyzer should have <±1% accuracy sensor. There 

should be provision of venting of low concentration O2.  

HEPA/Bacteria filter 

Purified medical grade O2 passes through HEPA filter before supply to pipeline. Inspection 

of filter should be done every month. HEPA/Bacteria filter should be changed once a year.  

Programmable logic controller (PLC) 

PLC is used to control sequential operations of PSA plant.  

Internet of things (IOT) 

The IOT describes physical objects with sensors, processing ability, software, and other 

technologies that connect and exchange data with other devices and systems over the 

Internet or other communications networks, the devise is traceable by the manufacturer. 

Booster compressor 

Optional high-pressure booster compressor is used to fill O2 cylinders under high pressure 

(2000 psig). Cost of refilling O2 cylinders using booster compressor is low compared to 

another cylinder supplier. Process requires approval of Petroleum and Explosive Safety 

Organization (PESO) /Chief Controller of Explosives (CCoE). There should be 20% buffer 

during production.  

Standard 

PSA plant should comply ISO 13485, ISO 9001 standards.  

Target purity 

Normally functioning PSA plant achieves 93±3% O2 purity.  

Operational manual 

Operational manual should be translated in local language and made available to the 

operator.  
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Safety 

PSA plant room should not be used for storage of inflammable and combustible items. “No 

Smoking” signage should be displayed. PSA plant should be protected from rain and 

moisture. There should be no leak from pipeline of PSA plant. Improper installation and 

operation may damage the plant and may cause injury. Power supply should be 

disconnected before starting servicing. Protective earthing should not be removed.  

 

Liquid medical oxygen (LMO) 

Site 

Liquid medical oxygen plant site should be open, accessible to truck and should be fenced. 

Space required is 9 metre X 16 metre. A distance of 3 meter should be free of public access, 

traffic routes and 5 meter should be free from inflammable and combustible materials, water 

drain and hazardous constructions. There should not be any potential source of ignition in 

the vicinity. Site should not have overhead/ underground electrical wires.  

Parts 

Temperature inside LMO tank is kept ≤ -183°C. LMO tanks have double layer metal 

(stainless steel) jackets with vacuum insulation (filled with perlite) between them which 

helps to maintain the tank working pressure as per its design. Tanks are fitted with content 

indicator, pressure gauge, vaporizer, and dual pressure relief device. There should be dual 

safety valve (The set pressure must be low enough to ensure that the relieving pressure 

(in generally at 90% of working pressure), never exceeds the maximum allowable 

working pressure (MAWP) of the system.). Gaseous O2 passes through vaporizer and dual 

parallel pressure regulator system (set at 4.2 bar), maintain pressure before entering 

hospital pipeline. Capacity of tank may be 2- 20 kilolitres.  
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Diagram 3: Recommended minimum distance of LMO 

 

 

Diagram4: Liquid medical oxygen 

As gaseous O2 is drawn from tank, pressure inside tank falls. Then liquid O2 is drawn in 

pressure raising vaporizer to maintain pressure inside tank.  

If LMO tank remains unused for long time, pressure is built up within tank, and gaseous 

O2 is vented out through its pressure safety valves. Natural evaporation rate from LMO 
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should be < 1% of net volume. O2 cylinder (1-2 days requirement) should remain as 

alternative supply of LMO. There should be automatic changeover mechanism between 

LMO and PSA and manifold.  

 

Figure 1: Liquid medical oxygen 

Alarm 

LMO shall have low content alarm, low tank pressure alarm, low pipeline pressure alarm, 

changeover alarm from primary to secondary supply, secondary supply low pressure 

alarm. 

 

Figure2: Alarm of LMO 

Purity of LMO 

Purity of liquid O2 is 99% v/v.  
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Advantage 

1. LMO has no operational utility cost, no electricity.  

2. It requires minimum maintenance.  

3. No limitation of flow rate (if supported by adequate size and numbers of vaporizers and 

control panels).  

4. Huge storage capacity at limited space. 1 liter of liquid O2 is equal to 870 liters of 

gaseous O2 at atmospheric pressure and 27°C temperature.  

Disadvantage 

1. LMO is supplier dependent.  

2. Installation needs PESO and CCoE license which need to renew time to time.  

Maintenance 

LMO should have 5 years CAMC with the manufacturer/supplier.  

Service 

In case of breakdown of LMO and PSA plants, manufacturer/ vendor should be contacted 

at the earliest through the Hospital authority and the same to be repaired within 72 hours.   

Start-up procedure of PSA Plant 

1. The vicinity of PSA unit should always be kept clean and well ventilated. 

2. Switch on the main power switch and check the voltage in power panel as per 

requirement and as per plant need.  (>400V L/L & 220 L/N) 

3. Ensure outlet valves of  air receiver and oxygen storage tank in a closed position. 

4. Switch on MCB (miniature circuit breaker) of the all equipments. 

5. Start the air dryer unit before starting the air compressor, wait till the air dryer dew 

temperature reaches its set value (less than 7 degrees centigrade).  

6. Start the air compressor.  

7. As soon as the air receiver tank pressure reaches 5.5 bar (please check as per the 

original equipment manufacturer (OEM) manual, the time cycle of the PSA unit 

starts. 

a) Check for any water/moisture discharge at the dust and 

coalescer filter through drain valve by manually. 

b) If traces of water/moisture are observed, then check the dryer and 
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rectify as per the dryer manual. 

c) Continue the above two steps every 5 minutes for 5 cycles. If 

water /moisture is observed, do not proceed further to allow the 

air into the generator tank. 

d) If traces of water/moisture are observed, then check the 

dryer and rectify as per the dryer manual. 

 

8. Switch ON the power of Oxygen Generator’s control panel. 

9. Start the Oxygen Generator through the control panel.  

10. Ensure all valves are operating as per PLC program in the control panel (as per 

manual description). 

11. If any abnormality is found, please refer to the corresponding troubleshooting steps 

in the “Installation & Commissioning Manual”. 

12. Observe for any abnormalities like the sound inside the generator towers operation, 

exhaust blowdown, dusting/ powder discharge at silencers/ mufflers. For any 

abnormalities refer to the corresponding troubleshooting steps in the corresponding 

“Manual”. 

13. In the control panel display go to “Operator screen” to see oxygen purity and 

pressure increase gradually. 

14. Once the oxygen pressure reaches more than 4.2 bar and purity 93% ± 3% (to be 

checked in the display). Wait for 5 mins. Then Open the outlet valve, it is located 

after the HEPA filter of oxygen storage tank outlet. 

Warning  

Note: the PSA plant only to use with a secondary gas source. 

e) Never switch on the air compressor before switching on the 

air dryer when the air dryer is followed by the air receiver 

tank.  

f) Never operate the plant if water auto drain valves are 

malfunctioning or not draining properly. Residual water can 

be checked by opening the manual drain valve.  
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g) Do not operate the plant when power (voltage) supply is 

unstable.  

h) Oxygen generator should only be used for only high purity 

(>90%) oxygen generation and at specific pressure as per the 

PSA manual and hospital needs.  

i) Ensure that the inlet air to the adsorption towers is dried and 

filtered. 

j) Do not start or operate the PSA plant if there is a leak.  

k) Do not operate the generator at pressures and/or 

temperatures above the maximum, allowable limit mentioned 

in the datasheet/manual. 

l) Emergency stop button should used to stop the process in 

high-risk conditions.  

m) Do not overdraw the oxygen with flowrate (liter per minute) 

which is higher than its capacity as it leads to drop of purity, 

pressure or malfunction any other critical parts such as valve, 

sensor gauges etc. 

Shut Down Procedure of a PSA plant.  

1. Close the oxygen outlet valve. It is after the HEPA/Bacteria filter of oxygen storage 

tank. 

2. Switch off the air compressor. 

3. Close the air receiver tank’s outlet valve. 

4. Switch off the air dryer.  

5. Wait (for 5 to 10 minutes) until the dial gauges readings on both the adsorption tank 

towers show zero. (Run the plant for a few cycles till the pressure gauge in the 

generator towers reaches zero).  

6. Switch of oxygen generator control panel’s display.  

7. Close the outlet valve of the air compressor.  

8. Switch off control panel’s MCB for all the equipment.  
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9. Only for maintenance (otherwise, skip this step): Depressurize all the pressure vessel, 

and pipeline by opening drain valves. 

 

Fire Safety in PSA plants 

First, all fire safety measures (including prevention, suppression, evacuation, and 

training drills) should be taken to prevent any fire incidents. In case of fire, please 

alert others immediately and only attempt to suppress the fire if it is safe to do so, 

otherwise, please evacuate immediately to a safe location, and if possible, help 

others to do so. Please follow the below listed instructions only if it is safe, 

otherwise please evacuate immediately:  

1. Close the oxygen outlet valve which is placed after the bacteria filter (after the 

oxygen receiver tank).  

2. Press the emergency stop button on the PSA control panel.  

3. Press the emergency stop button of the air compressor. 

 

Operating Procedure of LMO tank.  

Important: take all safety precautions (wear personal protective equipment, goggle, 

cryogenic gloves, ect) before the tank operations 

Pre-requisites:  

Before opening the liquid outlet valve, check and note the followings: 

1. The tank must be checked physically, if found any frost on the tank body, inform 

authority immediately. 

2. If the pressure is increasing rapidly inform the authority immediately. 

3. Tank Pressure, if the indicator is showing pressure in excess of the red mark. 

Normally, LMO tank pressure shall be maintained between 10-12 barg. Open the 

vent valve and reduce the tank pressure within the limit as prescribed by the 

manufacturer. 

4. Tank Level in the liquid level indicator.  

a. Check the operation of the liquid level indicator by closing the isolation 

valves of LP and HP tapping simultaneously and opening the equalization 

valve thereafter. The indicator shall show zero reading. If not then either zero 
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of the indicators is to be adjusted, or the indicator is faulty. Report and refer 

the manufacturer manual. 

b. After zeroing the level indicator gauge, close the equalization valve and open 

LP & HP tap simultaneously. 

5. Check for any leakage from either valve, threaded, welded, or flanged joints of the 

piping and that of valves. If any leakage informs the authority immediately. 

6. CAUTION: Always use concrete drip pad for decanting oxygen tanker. Ensure that 

the area where liquid oxygen is handled is free from weeds, dry vegetation or any 

other combustible or inflammable material, for any abnormal operation consult 

authority. 

Procedure: 

7. Open the gas line of the LMO tank outlet as shown in Figure1- V21 for vapor/gas 

withdraw and maintain the pressure of the tank at 10-12 bar (g). (if the V21 is not 

available open the V20 liquid withdrawal valve at tank outlet) 

8. Check for any leakage.  

9. Open the liquid line of the LMO tank outlet as shown in Figure1- V20 for liquid 

withdraw and maintain the pressure of the tank at 10-12 bar (g). 

10. If the V20 & V21 are available then the V21 is operated only when pressure is 

increasing due to lack of consumption or any other reason, else the V20 will be open 

at normal operating pressure. 

11. Open the valve of pressure regulator inlet and outlet and check the pressure of outlet 

should be at 4.2bar (g) 

12. Check the vaporizer, the vaporized should not have ice more than half of vertical 

finned tubes, in the case of ice building normal water must be spray on ice. 

13. Check LMO auto changeover panel is working properly if available. 

14. If the tank pressure come down to 6-7 bar, open the pressure building valve and 

check for frost on the vaporizer which is underneath of LMO tank, close the valve 

when reaches the desired pressure 12 bar. 

-:End:- 
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