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Introduction 
Several years ago I went to a gas station and noticed 
that my car's tires were low on air. I saw the gas 
station had an air compressor, but it cost a quarter to 
use the compressor. I paid my quarter and used the 
compressor. I realized then that compressed air 
wasn't free. Compressed air wasn't free at the gas 
station and it isn't free in your plant 

Most people in industry believe compressed air is 
free. Air leaks go on for years. When an expansion 
is plarmed and the plant is tight on compressed air, 
the project's budget includes an air compressor that is 
amply sized. If this sounds like your plant or if your 
plant is having problems with sufficient compressed 
air capacity, then it may be time to optimize your 
compressed air system. 

Eliminate Unnecessary Compressed Air Demand 
Eliminating Leaks 
The first step to optimizing the compressed air 
system is to eliminate unnecessary air demand. 
Several large air leaks can represent a large portion of 
an air compressor's capacity. The first place to look 
for air leaks is around the air compressors and dryers 
Typical places to look for this waste are the 
following: 
•	 Leaking connections on compressor interstage 

piping 
•	 Compressor interstage condenser drains that are 

left open 
•	 Compressor aftercooler knockout pot drains that 

are left open 
•	 Air dryer bleed valves that are left open 
•	 Air receivers bottom drain valves that are left 

open 

Most of the items listed above are bleed valves that 
are left open. Typically, during the original 
installation, water traps were probably installed at 
these locations. Over time when moisture problems 
developed, the traps were removed and the drain 
valves were then left open. A short-term solution to 
the problem is to pinch-back bleed valves to a 
minimum. Pinching-back valves is not a good long
term solution, because the valves are soon reopened. 
A permanent solution is to install water traps. 

A leaking compressor bypass valve can be large 
source of wasted air. The bypass valve is designed to 
vent the compressor's discharge to prevent the 
compressor from going into surge at low flow rates. 
It is possible for a leaking bypass valve to waste 10 
percent to 25 percent of a compressor's capacity. To 
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check the tightness of the bypass valve's seat, the 
valve must be in the closed position. With the 
compressor operating and the bypass valve closed, 
place an object like the end of a broom over the outlet 
of the vent and observe the results. If the valve leaks 
through, repair or replace the valve. 

Heatless air dryers use the dry air from the in-service 
vessel to purge the bed. Typically, these air dryers 
use 15 percent of the compressor capacity to 
regenerate the dryer bed. Over-purging these dryers 
can use excessive amounts of the air compressor's 
capacity and reduce the dryer's effectiveness. 
Designed purge rates for the dryer should be verified 
with the manufacturer and the purge rates adjusted to 
the design conditions. 

A quick check of the dryer's regeneration pressure 
indicates whether there is excessive purge or if the 
valves leak. After the bed that is being regenerated 
has depressurized, the vessel's pressure should be 1-2 
PSIG. If the pressure is significantly greater than 
this, then there is too much purge gas or the valves 
leak. If the regeneration pressure is the same on both 
vessels, then the problem is probably too much purge 
gas. If the regeneration pressures are different, then 
the check and/or switching valves are probably 
leaking. 

The air dryer check valves and switching valves 
should be checked for leakage by isolating the purge 
air during the regeneration. If air still comes out of 
the dryer vent, the dryer should be shut down for 
maintenance and the leaking valves repaired or 
replaced. Leaking check and switching valves have 
the same effect as excessive purge gas These leaks 
raise the regenerating vessel's pressure and raise the 
dew points. 

After the compressor/air drier system leaks have been 
identified, then a plant survey of air leaks should be 
conducted. As a first pass, a walk-through of all 
areas of the plant that have compressed air should be 
conducted. Most significant air leaks can be detected 
with a trained ear. Typically the worst leaks are in 
remote areas (OSBL areas, abandoned equipment, on 
top of silos, etc.). An excellent time to conduct a 
compressed air leak survey is during unit equipment 
shutdowns. During this less noisy period, air leaks 
can more easily be identified. When the walk
through survey is conducted air leaks should be 
tagged and later repaired in a timely manner. 
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If the walk-through survey has not yielded enough 
results, an ultrasonic leak detection survey can be 
conducted. TIlis type of sUIVey detects every leak. 
An ultrasonic leak survey is time consuming and 
identifies other ultrasonic sources (e.g. steam and 
nitrogen leaks, blowers operating, pump couplings, 
etc.) A person involved with the process should be 
part of the survey to help differentiate between air 
leaks and other ultrasonic sources. 

Along with air leaks, purge rates for instruments and 
cabinets should be reviewed to determine if they are 
using excessive air. Purge rates should be adjusted to 
appropriate levels. 

Another source of wasted air is bag house solenoid 
valves. Solenoid valves can fail open and 
continuously blow air through the bags. Solenoid 
valves that blow-through waste compressed air and 
do not effectively clean the bags. The bags need the 
pulsing action of the solenoid valves quickly opening 
to clean the bags. Since failed solenoid valves can be 
large air users, they should be periodically checked 
for proper operation and repaired ifneeded. 

Compressed air should not be left on to users that are 
not in service. An example is isolating the 
compressed air to the bag house solenoid valves 
when product is not being transferred to the silo. 
Leaving compressed air on to equipment that is not in 
service can result in significant compressed air 
losses. 

Lower the Compressed Air Header Pressure 
Lowering the compressed air header pressure by 10 
PSI reduces the air leak loss by approximately 5 
percent and improves centrifugal compressor 
capacity 2 percent to 5 percent. The lower 
compressed air header pressure must meet both 
operations and maintenance air pressure 
requirements. Usually maintenance requires 80 PSIG 
to efficiently operate pneumatic tools. It is 
recommended the header pressure be maintained at or 
above this pressure. 

Multiple Compressor Optimization 
Shut Down Air Compressors 
The goal for a multiple air compressor system should 
be to shut down air compressors. Shutting down an 
air compressor is more energy efficient than running 
air compressors at minimum rates. For a centrifugal 
compressor, it takes approximately 85 percent of the 
maximum horsepower to operate an air compressor at 
minimum flow rates. Unloading an air compressor 
(operating the motor driver, but venting the 
discharge) uses approximately 25 percent of the 

maximum horsepower. In addition to reduced energy 
costs, shutting down a compressor reduces 
maintenance costs and provides a spare compressor 
for periods of additional air demand. To determine if 
a compressor can be shut down, it is necessary to: 
•	 Eliminate unnecessary compressed air demand
 

(as discussed above).
 
• Understand the compressor control theory. 
• Determine the compressor's load. 
• Perform tests on the air compressors. 

Compressor Control Theory 
Understanding the compressor's controls is essential 
to knowing if the compressor is fully loaded and if 
the controls are operating correctly. Centrifugal 
compressors are controlled by their inlet suction 
valve and their bypass (or discharge vent) valve. The 
suction valve may be used to prevent the compressor 
from going into surge. The bypass (discharge vent 
valve) controls the discharge pressure and may also 
be used to prevent surge. The compressor is fully 
loaded if the suction valve is open and the bypass 
valve is closed. If the operating pressure is lower 
than the compressor controller's set point, the 
compressor should be fully loaded. Because different 
compressor and compressor control manufacturers 
have different control schemes, it necessary to 
understand your compressor's control scheme to 
understand how the valves should be controlled when 
the compressor is partially loaded. 

Reciprocating air compressors usually have some 
instrumentation showing the percent loading. The 
reciprocating compressor's amp-draw is more closely 
related to the compressor loading than a centrifugal 
compressor and can also be used to estimate the 
compressor loading. 

Determine the Compressor's Load 
The best way to determine the compressor load is to 
measure the flow from downstream flow meters. If 
the flow meters are located downstream of the air 
dryers, then the dryer purge rate must be added to the 
flow readings to determine the actual compressor 
airflow. The measured flow capacity can then be 
compared to the compressor's design capacity and 
the compressor loading can be calculated. Often 
times the flow meters are not working or are in poor 
calibration and it would take a major effort to get the 
instruments working properly. Without good flow 
measurement, the compressor valves can give an 
indication of the amount of load on the compressor. 
If either the suction valve is closed or the bypass 
valve is open by 20 percent on more than one 
compressor, it may be possible to shut down an air 
compressor. 
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Perform Tests on the Air Compressors 
To detennine if an air compressor can be shut down, 
a safe test can be conducted. While monitoring the 
compressed air header pressure, the smallest capacity 
air compressor can be slowly unloaded. If the 
compressed air header begins to drop in pressure 
below an acceptable level, then the test should be 
discontinued. If the compressor can be fully 
unloaded and the compressed air header pressure is 
being maintained. then the remaining compressor(s) 
have sufficient capacity and the compressor can be 
shut down. If the shutdown compressor has an air 
dryer, the purge air to the dryer should be blocked in 
because the purge air can vent 15 percent of the 
compressor's capacity. 

Improved Compressor Controls 
Many times air compressors are operated in manual 
because of malfunctioning pneumatic controllers. 
When compressors are operated in manual, the 
compressor is not protected from going into surge 
and can be damaged. Non-functioning pneumatic 
controls should be replaced with electronic controls. 
New controls should be able to communicate with 
other controllers. 

On a centrifugal compressor, the control strategy for 
operating below full-load conditions should be to first 
close the suction valve until the compressor 
approaches the surge point. If further load reduction 
is required, the suction valve should stay in the 
throttled position and the bypass valve should slowly 
open to further unload the compressor. If the 
compressor completely unloads, then the compressor 
should remain unloaded for several minutes. If the 
demand does not require the compressor be in the 
system, the compressor should shut down and not 
start up again unless the compressed air header 
pressure drops below the desired set point. 

To optimize the system with multiple compressors, 
electronic controls can be installed on all of the 
compressors with a master controller that 
loads/unloads and shuts down/starts up the 
compressors for the most energy efficient 
combination. If the plant has separate pressure 
controllers for instrument and plant air headers, these 
controllers can also be included in the optimization. 

Conclusion 
Compressed air is not free. By eliminating wasted air 
and optimizing compressor/dryer operation 
significant operating, maintenance and energy 
savings can be realized. 
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