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INTRODUCTION
Compressed air systems are required in almost all industries such as oil and gas, chemical and
petrochemical plants, agro-chem plants, power plants, nuclear facilities, pulp and paper, food,
pharmaceuticals, automotive, aerospace, IT/PC industry, industrial manufacturing, large
commercial buildings, hospitals, R&D facilities, and so on. The size and scope of the system
depends on the type of facility. Hydrocarbon processing facilities have very large air systems with
complex configurations.
Compressed air is used as motive force and for utility purposes. Dry air is required for operating
control valves, on/off valves, and similar devices that cannot tolerate moisture. Air is typically
dried by passing it over beds of silica gel or alumina. The beds are regenerated using source air,
and moisture laden air is discharged to atmosphere. If the plant requires nitrogen, the
compressed air system can provide the necessary air to separate nitrogen from the air. Some
nitrogen generating systems have their own air compressors independent of the general
compressed air system.
The main objective for a compressed air system is that it must continuously and reliably provide
dry instrument air. While some units in the plant can be down for planned or unplanned reasons,
the instrument air supply from the compressed air system must run all the time. If the instrument
air system fails, the entire plant comes down. Although it is infrequent that someone worries
about efficient operation of the air systems, one must remember that the air systems typically
have big compressors running that use a considerable amount of power that can affect the plant
economics. While not much can be done to improve the efficiency of the compressors, proper
maintenance of the machines can save significant operating costs and prolong the machine life.
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AN IDEAL AIR SYSTEM
When a plant is built or when a major expansion is completed, the overall air system should work
flawlessly. It will have a set of air compressors including one or more spares, air receiver(s), air
dryer(s), dry air distribution system, and a “wet” air distribution system that includes main headers
and laterals going to the units and users. The key element of the distribution scheme is, of
course, the guarantee of instrument air (IA) supply. This is accomplished by a simple pressure
control scheme which shuts off air supply to non-essential air users to ensure that the normal or
unexpected high demand of IA is satisfied first.
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AN ACTUAL REAL LIFE AIR SYSTEM
A real air system, of course, may not come close to an ideal one. Air system problems can be attributed to insufficient
pressure, insufficient flow, hydraulic bottlenecks, maldistribution, lack of proper control scheme, leakages to atmosphere,
failure to maintain compressors, and dryers. As plants get expanded on a small or large scale, the air systems do not get
adequately expanded. The older the plant is, the likelihood that it is more complex and less efficient increases. For
illustration, here are some things that have gone wrong before:
1. As plant expansions take place, more air systems are added and are scattered around in the plant. There are multiple
models of air compressors in the plant.
2. The system is overloaded, and all the compressors are running continuously with no spare available.
3. Intermittent users are overlooked or ignored during design.
4. Nitrogen back-up was installed for emergency only, but is now relied upon heavily – a real financial burden.
5. An additional air dryer needs to be installed, but there is no plot place available where the air compressors are located.
6. The moisture analyzer in the system gives alarms frequently, which the operators have learned to ignore, or the
analyzer has stopped functioning altogether.
7. Cooling water supply pressure at one of the air after-coolers is so low that the hot water cannot be returned to the
cooling tower and has to be disposed of otherwise.
8. At least one compressor has always given problems and is not counted upon to operate for a reasonable time. At the
same time, an air compressor rented initially for three months has been in service for the last two years.
9. Some distant parts of the plant do not get the air at sufficient pressure.
10. Multiple expansions have resulted in hydraulic bottlenecks in the distribution system.
11. There are numerous jump-overs between the dry and wet air systems. Many of these do not appear on any drawings,
and only one or two people in the plant know where they are and when they need to be used. And guess what, both of
these guys are very close to retirement.
12. Many dry air users are getting wet air, possibly due to leakages from the jump-overs.
13. The last time anybody tried to do a comprehensive study and balance on the air system was many years ago. Nobody
knows if the study was completed, if a report was ever made, and what the conclusions were. If the report was ever
made, nobody seems to find an electronic or hard copy of the report. None of the people who were involved with that
study can be tracked down.
14. The plant is contemplating a medium sized expansion. An EPC firm has been contracted to do an estimate. The firm
obviously does not know if your existing plant has surplus air capacity. To be on the safe side, you advise them to
assume that there is no surplus capacity. So the EPC firm includes the cost of a modest sized air system in their
estimate. The overall project estimate comes too high. It is decided to drop the air system from the project. The project
proceeds and at the start-up, they find that there is not enough air in the plant. None of the earlier discussions and
decisions on the air system were properly documented. The task of explaining to higher management what went wrong
and why is not easy or enviable, nor in addition to that, having to consider a very expensive solution of providing the
necessary air capacity under an “emergency, right now” situation. It is not uncommon for a multi-million dollar project to
have the start-up delayed because one or more utilities are not ready in time or not available in sufficient capacity.

ADDITIONAL OBSERVATIONS
Recently, three different reports were produced by a client in-house and by third parties on an air system failure. The air
system failure had resulted in large quantities of expensive refrigerant being released to flare in an LNG plant. In addition,
there was production loss. There was another unrelated air failure a few days later and the same losses were repeated.
Such plants have emergency depressuring valves that open upon emergency situations. They first isolate affected systems
and then immediately release pressure from the system to minimize damage from a fire or some other emergencies. These
valves have to be FO (fail open upon loss of air). However, the valves need to stay closed and not open inadvertently. The
valve actuators are provided with volume bottles or surge tanks with two dissimilar check valves in the inlet line. Should
there be an air failure or leak elsewhere, the bottles will continue to maintain the air pressure and the depressuring valves
will continue to maintain their intended closed position. All reports concluded that numerous check valves were missing. So
when the small failure/leak occurred elsewhere, the bottles lost their air pressure to the leak resulting in the valves opening
and discharging large quantities of refrigerant to flare and shutting down the LNG train on low pressure.
Why were so many of the check valves missing? The volume bottles, associated check valves, and piping were not shown
on the project P&IDs. They were shown on instrument detail drawings. Here is the problem. When the plant is
mechanically completed, a walk-down is performed by the contractor and/or the owner to ensure that everything is installed
correctly as intended by the engineering team. Only then will the owner take care, custody, and control of the system/plant.
If any component is not on the P&ID, its installation may not get verified and the owner may have accepted the plant with
potential deficiencies.
WHAT CARMAGEN CONSULTANTS CAN DO FOR YOU
We can survey your system, interview plant personnel, agree on a basis, and later develop a package with necessary
documents and drawings that describe your system. Information from this package can be used by the plant personnel in
daily operation and in the future. It can also be used by outside parties for future expansions or other air system related
issues. With changes in plant ownerships being so common, it is good to have up-to-date and proper information about all
systems.
If you are considering process expansion, air system addition needs to be evaluated. In the initial stages, you may need to
estimate what that requirement will be. We can assist you, and propose how the new air system will integrate with your
existing system.
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