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Keep calm and go with
the compressed air flow
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electric heaters that happen to

Industrial Compressor
or Electric Heater?

make compressed air. A system
with two 250-hp compressors,
then, can be thought of as a
375-kW heater. Taking a 375kW air heater (air-cooled com-

See your compressors in a new light to unlock major energy savings

pressors) and venting it to the

and cost rewards

outside all year long makes no
economic sense. Taking a 375kW water heater (water-cooled

by Wayne Perry, Kaeser Compressors

units) and running the hot
water to a cooling tower to vent
but hadn’t been thoroughly

the heat to atmosphere before

compressed air users are

considered or acted on. Indus-

reheating the cooled water, only

embracing a systems approach

trial compressed air users are

to cool it again, is even worse.

to energy efficiency. Gone are

also getting more aggressive

the days of simply comparing

about managing leaks, reduc-

A LITTLE PHYSICS GOES

the electrical efficiency of

ing operating pressure, and

A LONG WAY

compressors and buying the one

finding alternatives to using

To make this paradigm shift, it

with the lowest input energy.

compressed air for some appli-

is important to understand a bit

Smart operators are looking

cations. The results are stron-

of physics. All of the input pow-

beyond individual components.

ger, leaner, and more-efficient

er to a compressor is converted

They are beginning to under-

compressed air systems.

to heat – all of it. That input

More and more industrial

stand that true efficiency is

power does not add any energy

more than the sum of the

There is another opportunity

to the air. This often prompts

system’s parts – it’s how every-

for major energy savings in

the question, “If all of the input

thing works together as a whole.

compressed air; however, it de-

power were converted to heat,

pends on thinking about com-

how is any energy left in the

We’ve seen this with system

pressors in a different way. So

compressed air to do work?”

master controls ushering in the

let’s shift a paradigm and save

The simple answer is that the

Industrial Internet of Things

some money while we’re at it.

energy was already there before

(IIoT), carefully orchestrat-

the air was compressed. The

ing interplay between system

THESE AREN’T THE COMPRES-

fact is, at the same temperature,

components to ensure energy

SORS YOU’RE LOOKING FOR

1 pound of air at atmospheric

efficiency and make predictive

For users and system design-

pressure contains exactly the

maintenance possible. And it’s

ers to expand their systems

same amount of energy as 1

not just “new” technology that

approach and take the next big

pound of air at 100 psig.

a systems approach makes pos-

leap in cost reduction requires

sible – it’s also ideas that may

embracing a new paradigm:

Air at a temperature above

have been around for a while

Industrial compressors are just

absolute zero contains energy.
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If air is at 60°F, it is really 521°
above absolute zero. We can use

>> COMPRESSED AIR SAVINGS POTENTIAL

gas laws to find that 1 pound of

Here’s a rundown on how much you might save from that twin 250-hp
(approximately 2,500 CFM) system with a blended electrical rate of
$0.10/kWh and an annual electrical cost of $328,500. Using U.S.
Department of Energy estimates, savings would be as follows:

air requires about 123.7 BTU
to heat it from absolute zero to
60°F. That is the intrinsic energy of 1 pound of air at 60°F.

a) Fixing leaks =

$98,550

b) R
 educing pressure =

When air expands, it gives up
heat. When air expands from
100 psig to atmospheric pressure (14.7 psia), its temperature
will drop by about 231°F. Here
is the formula for calculating
the temperature change:

$32,850

c) E
 liminating artificial demand =

$32,850

(System is now at 1,250 CFM.)
Savings from split system and master controls =
(Annual electrical cost now at

$123,187.50)

Heat recovery offset gas cost =
Total annual savings =

$41,062.50

$61,593.75

$266,906.25

Where:
T1 = absolute temperature

foot-pounds of energy. It is this

and decreases as it expands.

after expansion

release of energy by the expand-

That increase in temperature is

T = absolute temperature of the

ing air that does the work in a

equal to the amount of energy

air before expansion

compressed air system.(Unfor-

required to compress the air.

P1 = absolute ambient pressure

tunately, pneumatic devices

Once compressed, most of

in pounds per square inch

and tools rarely allow complete

that increased temperature is

P = absolute pressure of the

expansion internally, and much

usually treated as waste and re-

compressed air in pounds per

of the available energy is lost at

moved through various coolers,

square inch

the exhaust port.)

dryers, receivers, piping, and

n = ratio of specific heat at a

ventilation.

constant pressure and specific

The power used to compress the

heat at a constant volume (1.4

air does not factor into the work

Our short physics lesson is

for air)

that the air can do. The avail-

over. The takeaways are that

able power to do work in a com-

the work done by compressed

pressed air system is a function

air is a function of the heat it

That 231°F temperature change

of pressure, temperature, and

gives up as it expands, and all

means the expansion has re-

mass (related to CFM flow).

of the input power to a com-

leased about 54.9 BTUs (of the

pressor gets converted to heat.

123.7) per pound of air. That

The temperature of air in-

Understand this and the para-

is equivalent to about 42,700

creases as it is compressed

digm shift is simple.
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TURN POTENTIAL SAVINGS
INTO REAL SAVINGS

100% total electrical
power consumption

To turn the potential savings
into real savings requires a few
planning steps. First, collect
data. Determine how heat is generated in the facility. Calculate
the annual cost of heating water
and heating air. Calculate the
annual energy cost of the com-

5% drive
motor

2% radiated heat loss of
the compressor package

pressors in the system. Compare
these two numbers. The best

76% fluid
cooler

savings potential will be in facili-

15% after
cooler

2% heat in the
compressed air

ties where the cost of heating
water and air exceeds the cost of
running the compressors. Where
the cost of running the compres-

Approximately 96%
for heat recovery

sors exceeds the cost of heating
water and air, less savings will be
possible because the compressors are generating more heat
than is being used in the facility.

Figure 1. 100% of all the power consumed by a compressor is turned into heat; 96% of it is available for recovery, making the case for thinking of a compressor as a heater.

Still, much of the heating cost
can be offset by recovering the

fit for heat recovery. This may

sors run fully loaded all of the

heat from the compressors.

include boiler feedwater, parts

time. In a well-orchestrated

cleaning, clean-in-place for food

compressed air system, some

Second, identify suitable uses

processing, heating products to

compressors will probably be

for the heat. Look at everything.

improve flow characteristics,

running fully loaded and some

Enlist the help of other employ-

showers, washrooms, kitchens,

will be trimming. The trim

ees to identify potential uses

etc. Hot air can be used for

compressors will have available

for heat, especially when con-

space heating, product drying,

heat that varies with the load on

ducting an Energy Star Energy

HVAC makeup air, etc. Look

them. A variable-speed com-

Treasure Hunt. If there is a

at all plant applications that

pressor running at 40% capacity

boiler, preheating the water will

require some type of heating.

will not have the same heat re-

reduce the energy that the burn-

Determine the variations in heat

covery potential as one running

ers require. Are products being

demand that exist during the

at 85% capacity. The best way

washed and dried? That may be

day, week, month, or season.

to determine the available heat

an application for hot water and/

energy is by data-logging the

or hot air. Any application that

Third, determine the available

kW consumption of all of the

requires heating water is a good

heat energy. Not all compres-

compressors over a representa-

www.P l a nt S e r v i c e s .c om
-4-

PLANT SERVIC ES: SPEC IAL REPORT

Figure 2. Ducting and tapping into the fluid circuit of compressors is
an excellent way to utilize a compressor as a heat source and reduce
operating costs.

Figure 3. When dealing with existing systems, many compressors can
be retrofitted with external heat exchangers for heat recovery.

tive period of time. Consider

some type of storage may be

that is less expensive than

working with a reputable com-

required. If the demand for hot

electricity. Still, it is possible to

pressed air expert to conduct a

water varies, an air-cooled com-

see savings of as much as half of

comprehensive compressed air

pressor with a water-cooled heat

the compressor energy cost.

assessment to help you deter-

recovery package may be needed.

Keeping this in mind, along with

mine your system’s energy and

When the demand for hot water

taking a systems approach,

demand profile. This data will

is low, the compressor could use

should help shift the paradigm

be important for the next step.

its air-cooled heat exchangers to

– and shift money back to your

maintain a proper temperature.

bottom line in the process.

The fourth and last step is to

When the demand for hot water

match the heat source with the

is high, the water-cooled heat

heat use; this may require an

exchangers would be used.

engineered approach. Don’t be
afraid to consult an expert to

Although compressor heat recov-

ensure proper design and ap-

ery can be a direct BTU-for-BTU

plication. If the compressors run

tradeoff, it is not a direct dollar-

Wayne Perry is senior technical director

most heavily loaded on the first

for-dollar tradeoff. Usually, heat

at Kaeser Compressors (www.us.kaeser.

shift and the demand for heat

in a facility is produced with

com) and has more than 35 years of ex-

is heaviest on the second shift,

natural gas or some other fuel

perience in the compressed air business.
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100°F for the inlet tempera-

Keep calm and go with
the compressed air flow

ture, and 100°F for the ambient
temperature. The actual conditions for your installation will
vary, most likely seasonally and
perhaps even daily.

Learn three common problems that plague compressed air systems,

Another factor that can cause

and simple solutions to each

moisture problems is an oversized compressed air system.
Compressed air is vital to

site. As the system pressure

Oversizing typically happens

plant production. However,

increases, more water vapor will

over the years when backup

challenges related to air quality,

condense within your system as

units or additional compressor

pressure drop, and overheating

the air cannot hold that much

capacity has been added. Also,

each can greatly impact com-

moisture.

dryers are often overlooked and

pressed air system reliability

inappropriately sized for the

and energy efficiency, and can

Your dryer, for example, has a

changes in system capacity.

cause increased scrap and

capacity notated on its name

Other times it’s the observation

unnecessary downtime.

plate. The capacity listed is

that the average of the day is

the maximum amount of air

only X amount of cfm or only

In a recent Plant Services we-

that the dryer can treat for the

a low duty cycle, but the com-

binar, Werner Rauer, product

specified pressure at 100 PSIG,

pressors are dual control or load

manager for Kaeser Compressors, explored these common
compressed air system areas
of concern and offered simple
solutions to address them.
AIR QUALITY / MOISTURE

If you have moisture problems with your compressed
air system, then you must first
understand how temperature
and pressure impact moisture.
The water vapor content varies
directly with the temperature
and volume. This means that as
the temperatures rise, the air
will be able to hold more water.
With pressure, it is the oppowww.P l a nt S e r v i c e s .c om
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/ unload. You have to remember
that when they are loaded, they
always flow the full capacity
during the entire time they are
loaded. And even if it’s only for
a short time, you can certainly
overrun your dryers and filters.
You need to get the moisture
out of your system before it
reaches the point of use, and
you can do that by installing drains. You should have
a drain on your after coolers,
your receiver tanks, the dryers, and any filters in between.
Check to make sure that your
drains are functioning on a
regular basis. And, for the best
in reliability and the lowest in
terms of waste, use automatic

is much higher than the piping

you the biggest return for your

drains with an alarm. They will

was initially sized to handle.

investment.

present so you won’t be wasting

Pressure drop also can be

Another cause for pressure

compressed air.

caused by a heavy leak load. You

problems is inadequate storage.

should inspect connections, reg-

Use a quick test to see if you

PRESSURE FLUCTUATIONS

ulators, hose lines, and valves for

need more storage; it really only

Pressure drop, or fluctuations

noticeable leaks, in particular

requires a stop watch or a timer.

in pressure, is another com-

at the point of use. If you want

Put your peak load compres-

mon problem in compressed air

to address the leak issue, it may

sor in dual or unload control

systems. Pressure drop is often

be worthwhile to conduct an

and then time the cycling. Do

caused by undersized piping,

ultrasound leak detection. This

this three to five times so you

and unfortunately this issue is

can definitely identify where the

get a good average time. If the

common in industrial plants.

leaks are and how big they are.

unloaded time is less than a

Often, as plants grow, more

A good leak detection audit will

minute, you definitely need

compressors are added and

not only mark those leaks and

more storage. If it’s one to three

the piping is often forgotten.

give you an idea on how much

minutes, you might consider

Therefore the flow that actu-

air and money you’re wasting, it

more storage. And if it’s over

ally goes through a system that

can also help you set priorities

three minutes, you’re typically

was designed many years ago,

and pick the top ones that give

good to go.

only open when condensate is
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TEMPERATURE ISSUES

the exhaust should pump out the hot air from the

Overheating is the last common problem. Often,

compressor and the dryers. Proper ventilation

the temperature regulation issues are caused by

can fix overheating problems and help improve

poor ventilation practices that may have started

overall system efficiency.

the day you installed the equipment.
When thinking about ventilation, don’t forget
For proper ventilation, you need to have a dedi-

about refrigerated dryers. Dryers will remove

cated inlet and dedicated exhaust pathway. The

about 20% of the heat that the compressor

inlet should be a source of cool, ambient air, and

produces.

To learn more about compressed air system challenges and their solutions, watch the on-demand webinar.
https://info.plantservices.com/kaeser-compressed-air-how-to-fix-temperature-pressure-and-air-quality-issues-2017-ca
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