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ITEM

 Division

C
om

pressed A
ir O

verview

ÿ
Survey

ÿ
C

om
pressed air system

 com
ponents

ÿ
E

stim
ating load factor

ÿ
W

hy optim
ize a com

pressed air system
?

ÿ
C

om
m

on R
ecom

m
endations

ÿ
R

eview
 of C

D
-R

O
M
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 Division

U
ses of C

om
pressed A

ir

Industrial

ÿ
B

low
 M

olding

ÿ
C

onveying

ÿ
A

ctuators

ÿ
Pneum

atic T
ools

ÿ
A

gitation

ÿ
H

oisting

N
on-Industrial

ÿ
Pneum

atic T
ools

ÿ
A

ir B
rake System

s

ÿ
C

lim
ate C

ontrol

ÿ
E

m
ission C

ontrol

ÿ
Starting G

as T
urbines

ÿ
E

levators
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 Division

C
om

pressed A
ir System

 L
ayout
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 Division

C
om

pressed A
ir System

C
om

ponents
ÿ

C
om

pressor

ÿ
A

ir filters

ÿ
System

 controls

ÿ
C

om
pressor and

C
om

pressed A
ir

C
ooling

ÿ
Separators

ÿ
D

ryers

ÿ
A

ir receiver

ÿ
T

raps and drains

ÿ
A

ir distribution
system
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ITEM

 Division

C
om

pressor types

ÿ
Positive-displacem

ent
–

R
eciprocating

–
R

otary

ÿ
D

ynam
ic

–
A

xial

–
C

entrifugal
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ITEM

 Division

Positive-displacem
ent

C
om

pressors
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ITEM

 Division

R
eciprocating C

om
pressor

ÿ
H

ow
 do they w

ork?

ÿ
Single and double-acting

ÿ
M

ulti-stage double-acting are m
ost efficient

ÿ
L

ess than 1 hp to m
ore than 600 hp sizes

available
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 Division

R
eciprocating C

om
pressor
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ITEM

 Division

R
otary C

om
pressors

ÿ
M

ost com
m

only used sizes are from
 about

30-200 hp

ÿ
H

elical tw
in screw

-type (rotary screw
)

ÿ
C

om
pact size, low

 w
eight, and are easy to

m
aintain

ÿ
R

otary screw
 are available in sizes from

 3-
600 hp



University City Science Center
ITEM

 Division

R
otary Screw

 C
om

pressor
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A
ir filters
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 Division

A
ir filters

ÿ
R

em
oves contam

inants such as:
ÿ

Solid particulates
ÿ

O
il aerosols and vapors

ÿ
W

ater aerosols and vapors
ÿ

O
ther gases

ÿ
M

ost contam
inants are in the form

 of aerosols.
ÿ

A
erosol – a suspension of sm

all solid or liquid
particles in a gas ranging in size from

 0.1-10 m
in diam

eter.
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 Division

A
ir filters

P
article size, 

m
icro

n
s

0.01-20

<
0.01-2

0.05-10

0.01-10

G
as phase

O
il from

 w
ell-m

aintained com
pressor

U
nburned hydrocarbons

T
yp

ical airb
o

rn
e co

n
tam

in
an

ts

C
o

n
tam

in
an

t

D
irt and pollen particles

M
icroorganism

s

W
ater
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 Division

C
ontam

inant Sources
ÿ

A
ir draw

n into a com
pressor

ÿ
A

irborne particles sm
aller than 10 m

ÿ
G

ases and vapors around inlet
ÿ

Pollen and dirt

ÿ
Internal com

pressor m
echanism

s
ÿ

O
il and hydrocarbon aerosols

ÿ
C

om
pressed air distribution system

ÿ
Pipe scale and rust particles
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A
ir Inlet Filter

ÿ
D

esigned to stop larger particles that could
cause rapid w

ear of com
pressor parts.

ÿ
D

raw
 in virtually all particles, vapors, and

gases in the air w
ithin a 6-ft radius.

ÿ
M

ost airborne particles sm
aller than 10

m
icrons enter the com

pressor.
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 Division

C
om

pressed A
ir Filter

ÿ
U

sed dow
nstream

 of the com
pressor

ÿ
Particulate – solid particles
ÿ

C
oalescing – lubricant and m

oisture
ÿ

A
dsorbent – very fine contam

inants and
vaporous contam

inants
ÿ

Filtration only to the level required
ÿ

2 psig of pressure change increases or decreases
pow

er draw
 by 1%
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 Division

Particulate A
ir Filter

ÿ
Frequently m

ade w
ith a single layer of

cellulose paper
ÿ

D
iam

eter of cellulose fiber too large to be
effective in rem

oving liquid aerosols
ÿ

L
iquids that are collected usually becom

e
re-entrained into the airstream
ÿ

C
an be found on the dow

nstream
 of a

desiccant dryer to rem
ove desiccant “fines”
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ITEM

 Division

C
oalescing A

ir Filter
ÿ

D
efined as the progressive accum

ulation of
sm

all liquid aerosols particles into larger ones

ÿ
L

iquids are rem
oved by gravity w

hen droplets
becom

e large enough to fall into the sum
p area

ÿ
T

heoretically could be used indefinitely but
particulate accum

ulation creates large D
 P

ÿ
C

an be found on the upstream
 of a desiccant

dryer to prevent desiccant bed fouling
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 Division

A
dsorbent A

ir Filter
ÿ

M
ade w

ith granular adsorptive m
edia, such as

activated carbon
ÿ

A
dsorbent m

ay be in a bed or im
pregnated in

or on a carrier fabric
ÿ

U
sed in conjunction w

ith a pre-filter/coalescer
upstream

 to prevent liquid aerosol clogging
ÿ

U
sed to rem

ove odors for applications such as
blow

 m
olding food or pharm

aceutical
containers
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ITEM

 Division

E
ffects of C

ontam
inants

ÿ
Particulate accum

ulation
ÿ

B
locks clearances betw

een m
oving parts

ÿ
E

rodes surfaces and seals

ÿ
L

eakage
ÿ

L
ow

ers h
 in pneum

atically operated equipm
ent

ÿ
Increases energy consum

ption
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 Division

E
ffects of C

ontam
inants

ÿ
E

xcessive oil
ÿ

Particles adhere to oil-coated surfaces

ÿ
Interferes w

ith m
oving parts

ÿ
A

ccelerates the obstruction of pipes leading to
greater pressure drop

ÿ
H

igher energy consum
ption
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ITEM

 Division

E
ffects of C

ontam
inants

ÿ
E

xcessive w
ater

ÿ
C

an freeze in cold tem
peratures, shutting dow

n
entire system

ÿ
C

an destroy lubricating film
 on bearing surfaces

ÿ
C

orrode com
ponents surfaces creating rust

particulates

ÿ
If hydrocarbon and/or com

bustion byproducts are
present, w

ater can help condense contam
inants to

create oil aerosols; causing odor problem
s
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System
 C

ontrols
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 Division

System
 C

ontrols
ÿ

Start/Stop – m
otor turned on or off

ÿ
 0 or 100%

 capacity

ÿ
T

ypically on reciprocating com
pressors

ÿ
M

otor overheating can result from
 frequent

cycling

ÿ
M

ulti-Step – allow
s operation in tw

o or m
ore

partially loaded conditions
ÿ

A
pplicable only w

ith reciprocating com
pressors

ÿ
O

perating conditions are usually evenly spaced
increm

ents (i.e. 0, 25, 50, 75, and 100%
)
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 Division

System
 C

ontrols
ÿ

L
oad/U

nload – m
otor runs continuously, but the

com
pressor is controlled

ÿ
A

pplies to rotary and reciprocating com
pressor

ÿ
O

pening inlet valves unloads reciprocating
com

pressors, w
hile closing inlet and bleeding off

discharge unloads rotary com
pressors

ÿ
U

nloaded state in new
er rotary screw

 units consum
e

betw
een 15-35%

 of full-load hp and up to 85%
 in

older units
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System
 C

ontrols
ÿ

M
odulating (Inlet throttling) – inlet opening

is restricted to allow
 only the am

ount of air
dem

anded
ÿ

U
sed w

ith rotary and centrifugal com
pressors

ÿ
E

ffective dow
n to a m

inim
um

 capacity set by
m

fg, norm
ally betw

een 40 to 60%
 for rotary

ÿ
Som

e m
fgs allow

 the user to set the unload
point to m

axim
ize savings, w

hich som
e call

“low
-unload controls”
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 Division

R
eciprocating C

om
pressor C

ontrols
R

ecip
ro

catin
g

 C
o

m
p

resso
r P

erfo
rm

an
ce P

ro
file

S
tart/S

top

M
ulti-S

tep

Load/U
nload

0

20 40 60 80

100

0
10

20
30

40
50

60
70

80
90

100

A
ir F

lo
w

 (%
 C

ap
acity)

Power (% Full Load Power)
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 Division

R
otary C

om
pressor C

ontrols
R

o
tary C

o
m

p
resso

r P
erfo

rm
an

ce P
ro

file

Inlet T
hrottling w

/ N
o 

B
low

dow
n

Inlet T
hrottling w

/ 
B

low
dow

n

Load/U
nload w

/ N
o 

S
um

p B
leed

Load/U
nload w

/ 
S

um
p B

leed

0

20 40 60 80

100

0
10

20
30

40
50

60
70

80
90

100

A
ir F

lo
w

 (%
 C

ap
acity)

Power (% Full Load Power)
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C
om

pressor and C
om

pressed
A

ir C
ooling
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C
om

pressor C
ooling

ÿ
C

om
pressing air generates heat

ÿ
A

ir, w
ater, and/or lubricant can be used

ÿ
R

eciprocating com
pressors of less than 100

hp are usually air-cooled

ÿ
L

arger reciprocating units are typically
w

ater-cooled using cooling w
ater jackets
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 Division

C
om

pressor C
ooling

ÿ
R

otary screw
 units can be either dry-

running or lubricant or w
ater injected

ÿ
L

ubricant and w
ater rem

ove the heat of
com

pression, seal internal clearances, and
prevent rotor-to-rotor contact

ÿ
L

ess stages needed for a given discharge
pressure w

hen using oil injected version
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Intercoolers and A
ftercoolers

ÿ
Intercoolers are heat exchangers used in
m

ulti-stage com
pressors betw

een each stage
to rem

ove the heat of com
pression

ÿ
A

ftercoolers are installed at the final stage of
com

pression to reduce the air tem
p

ÿ
C

ondensate is separated, collected, and rem
oved
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Separators
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 Division

Separators

ÿ
U

sed to separate liquid entrained in the air

ÿ
A

ir/lubricant coalescing separator
ÿ

Installed im
m

ediately after the com
pressor

discharge to separate the injected lubricant
before it is cooled to prevent liquid from

 being
entrained in the air.



University City Science Center
ITEM

 Division

D
ryers
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 Division

D
ryers

ÿ
R

efrigerant-type – cools air to 35 to 40ºF
then rem

oves m
oisture before reheating

ÿ
D

eliquescent-type – hygroscopic desiccant
absorbs w

ater vapor

ÿ
T

w
in tow

er regenerative-type – uses tw
o

tow
ers filled w

ith desiccant, one is used
w

hile other is being regenerated
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A
ir receivers



University City Science Center
ITEM

 Division

A
ir receivers

ÿ
Provide air storage capacity to m

eet peak
dem

and
ÿ

Should be sized for about 2-4 gal/cfm
 of

com
pressor capacity

ÿ
E

ffective for system
s that have varying air

flow
 capacity

ÿ
If installed after a reciprocating unit, can
provide a reduction in pressure pulsations,
radiant cooling, and condensate drainage
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T
raps and D

rains
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T
raps and D

rains
ÿ

U
sed to rem

ove condensate from
com

pressed air lines
ÿ

M
echanical traps – opens w

hen condensate
rises to a preset level
ÿ

E
lectrical solenoid drain valves – open on a

preset tim
e cycle w

hether condensate is
present or not
ÿ

Som
e electrical devices sense liquid levels

before opening
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A
ir D

istribution System
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A
ir D

istribution System

ÿ
L

inks the com
pressed air supply side w

ith
the dem

and side w
ith m

inim
al pressure loss

ÿ
C

onsists of m
ain lines, branch lines, valves,

and air hoses

ÿ
Pressure drop from

 com
pressor to the

furthest end use point should be less than 10%
of the discharge pressure
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L
ubricators

ÿ
Provide lubricant to m

oving parts in
pneum

atic tools

ÿ
A

re som
etim

es com
bined w

ith filters to
form

 a filter/lubricator assem
bly

ÿ
A

lso can be com
bined w

ith filters and
pressure regulators to form

 a
filter/regulator/lubricator assem

bly
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Pressure R
egulators

ÿ
U

sed to supply air to pneum
atic equipm

ent
at pressures low

er than the supply pressure
ÿ

Som
e regulators can deliver a specific

volum
e of air (i.e. instrum

ent air)
ÿ

Separate L
P system

 is econom
ical, if large

quantities of low
 pressure air are required

ÿ
A

ir regulated from
 100 to 60 psi results in

approxim
ately 40%

 energy w
aste
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 Division

C
om

pressor L
oad Factor

ÿ
“L

oaded” refers to the state w
hen the

com
pressor is actually com

pressing air
ÿ

“U
nloaded” refers to the state w

hen a
com

pressor is continuously running but no
useful w

ork is produced
ÿ

For reciprocating units w
ith on/off controls,

L
F is fairly constant

ÿ
For rotary screw

 units, L
F is a w

eighted avg
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C
om

pressor L
oad Factor

(
)

(
)

[
]

(
)

(
)

[
]

FT
U

FU
FT

L
FL

L
F

¥
+

¥
=

FL
 = fraction of rated pow

er w
hen loaded

FT
L

 = fraction of operating tim
e com

pressor is loaded
FU

 = fraction of rated pow
er w

hen unloaded
FT

U
 = fraction of operating tim

e com
pressor is unloaded

v
N

ote: For reciprocating com
pressors, L

F = FL
 



University City Science Center
ITEM

 Division

 Industrial E
lectricity U

se

E
lectrolytics

12%

Lighting /
O

ther         
8%

M
o

to
r-

D
riven

 
S

ystem
s

69%

P
rocess 

H
eating
11%

S
ource: D

O
E

 presentation, M
arch 1999:

Introduction to M
otor S

ystem
s M

anagem
ent
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 Division

Industrial m
otor energy use by

application

S
ource: U

nited S
tates Industrial E

lectric M
otor S

ystem
s M

arket O
pportunities A

ssessm
ent,

O
ffice of Industrial T

echnologies, O
ffice of E

nergy E
fficiency and R

enew
able energy, U

S
 D

O
E

,
D

ecem
ber 1998,  T

able 1-16, page 43

T
o

tal 2.3 Q
u

ad
rillio

n
 B

tu
/yr

other
4%

fans
14%

pum
ps

24%

m
aterial

processing
23%

m
aterial

handling
12%

refrigeration
7%

co
m

p
ressed

 
air

16%
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 Division

Position R
esponsible for C

A
 System

S
ource: A

ssessm
ent of the M

arket for C
om

pressed A
ir E

fficiency S
ervices, O

ffice of Industrial
T

echnologies, O
ffice of E

nergy E
fficiency and R

enew
able energy, U

S
 D

O
E

, 2001

P
lan

t E
n

g
r

18%

C
A

 S
p

ecialist
1%

C
o

n
tracto

r
4% P

lan
t M

g
r

4%

O
th

er
10%

M
ain

ten
an

ce 
M

g
r

63%
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 Division

Prim
ary O

bjective of C
A

 M
anagem

ent

S
ource: A

ssessm
ent of the M

arket for C
om

pressed A
ir E

fficiency S
ervices, O

ffice of Industrial
T

echnologies, O
ffice of E

nergy E
fficiency and R

enew
able energy, U

S
 D

O
E

, 2001

P
reven

tive 
M

ain
ten

an
ce

7%

C
o

n
tro

l E
n

erg
y 

U
se

9%
O

th
er

1%

Q
u

ality o
f A

ir
12%

A
d

eq
u

ate S
u

p
p

ly
30%

C
o

n
tin

u
o

u
s 

O
p

eratio
n

41%
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 Division

O
bjectives of C

A
 M

anagem
ent

3 %
1 %

O
ther

19 %
7 %

P
reventive M

aintenance

22 %
9 %

C
ontrol/R

educe E
nergy U

se*

37 %
12 %

M
aintain Q

uality of A
ir

50 %
30 %

E
nsure A

dequate S
upply

57 %
41 %

M
aintain C

ontinuous O
peration

O
bjective

P
rim

ary O
bjective

* O
nly 10%

 indicated they kept track of the C
A

 system
 energy cost.
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 Division

C
A

 System
 M

easurem
ents

25
N

one of the A
bove

16
Load P

rofiles

19
Leak Loads

21
C

om
pressor M

otor E
nergy U

se (kW
h)

39
D

em
and on C

om
pressor M

otors (kW
)

65
P

ressure Levels

P
ercen

t
O

p
eratin

g
 P

aram
eter M

easu
red
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 Division

A
re Service C

ontracts the A
nsw

er?

3
E

nergy U
se M

onitoring

5
Load P

rofiling

13
Leak D

etection

14
A

ssessm
ent of C

ontrol S
trategies and E

quipm
ent

20
Leak R

epair

33
E

m
ergency R

epair

44
P

reventive M
aintenance on A

uxiliaries

67
P

reventive M
aintenance on C

om
pressors

P
ercen

t
S

ervices P
ro

vid
ed

*

*30%
 of respondents had service contracts: 83%

 vendors,
 17%

 consultants/contractors.
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 Division

C
A

 E
fficiency A

ssessm
ent A

ctivities

*20%
 of respondents had efficiency study perform

ed.

47
E

stim
ates of C

osts and E
nergy S

avings for R
ecom

m
endations

61
A

ssessm
ent of A

ir S
torage C

apacity

61
A

ssessm
ent of D

istribution S
ystem

 for P
ressure D

rops and E
ff.

61
Identification of Inappropriate U

ses of C
om

pressed A
ir

63
A

ssessm
ent of C

ontrol S
ystem

 and A
lternate S

trategies

63
E

stim
ation of Losses D

ue to Leaks

63
Load P

rofile B
ased on S

ystem
 M

easurem
ents

68
A

ssessm
ent of A

uxiliary E
quipm

ent (e.g., dryers, separators)

74
R

ecom
m

endations for Im
provem

ents

79
E

stim
ate of C

A
 S

ystem
 E

nergy U
se

P
ercen

t
C

o
m

p
ressed

 A
ir E

fficien
cy S

tu
d

y S
ervices*
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 Division

M
easures Im

plem
ented A

fter C
A

E
fficiency A

ssessm
ent

*66%
 im

plem
ented at least one m

easure.

16
Installed H

eat-R
ecovery E

quipm
ent

16
R

educed U
nnecessary C

om
pressed A

ir U
ses

24
C

hanges to C
om

pressor C
ontrols

28
A

dded A
ir S

torage C
apacity

32
Leak R

eduction

40
C

hanges to P
iping, D

istribution S
ystem

40
Im

provem
ents to S

ystem
 A

uxiliaries

P
ercent Im

plem
ented

M
easures



IA
C

 C
om

pressor
R

ecom
m

endations Sum
m

ary

51
1.0

7,805
195

O
ptim

ize C
om

pressor Size

55
0.7

7,469
121

U
pgrade C

om
pressor C

ontrols

67
0.8

5,262
66

Im
prove D

istribution System

51
0.5

1,383
3246

R
educe A

ir Intake T
em

perature

48
0.3

2,510
1570

R
educe Pressure

45
1.1

5,953
40

O
ther

52
0.6

6,153
500

E
lim

inate U
nnecessary C

A
 U

se

36
0.8

2,921
650

R
ecover W

aste H
eat

83
0.2

3,553
3399

Fix A
ir L

eaks

%
 Im

plem
ented

Sim
ple

Payback (yr)
A

vg. Savings
($/yr)

# R
ecs.

M
easure
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 Division

C
om

pressor R
ecom

m
endations

4. R
ecover W

aste
H

eat

2. U
se O

utside A
ir

for C
om

pressor
Intakes

3. R
educe

Pressure

1. A
ir

L
eaks
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 Division

R
educe C

om
pressor A

ir L
eaks
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 Division

A
ir L

eaks - B
ackground

ÿ
 20%

 of total energy consum
ed is lost to air leaks

ÿ
 A

m
ount of lost air depends on:

ÿ
 line pressure

ÿ
 air tem

perature at leak

ÿ
 air tem

perature at com
pressor inlet

ÿ
 area of the leak

ÿ
 Percentage lost to leakage should be less than 10%

in a w
ell-m

aintained system
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 Division

A
ir L

eaks –Pow
er L

oss (kW
)

 

0 2 4 6 8

1
0

1
2

1
4

   1
/6

4
 

   1
/3

2
 

   1
/1

6
 

   1
/8

  
   3

/1
6

 
   1

/4
  

L
e

a
k

 D
ia

m
e

te
r (in

c
h

e
s

)

H
ole 

D
iam

eter 
(inches) 

D
em

and 
Loss 
(kW

) 
1/64 

0.05 
1/32 

0.2 
1/16 

0.8 
1/8 

3.2 
3/16 

7.1 
1/4 

12.6 
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 Division

E
stim

ating A
m

ount of L
eakage

ÿ
For com

pressors that cycle on and off, turn
all air dem

anding equipm
ent off

(
)

(
)

˙˚ ˘
ÍÎ È

+ ¥
=

t
T

100
T

 
 

% 
L

eakage

T
 = on-load tim

e (m
inutes)

t = off-load tim
e (m

inutes)
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 Division

E
stim

ating A
m

ount of L
eakage

ÿ
A

nother m
ethod uses a pressure gauge

located dow
n stream

 of an air receiver, for
com

pressors using other control strategies

(
)

(
)

25
.1

14.7
T

P
P

V
(cfm

)
 

L
eakage

2
1

¥˙˚ ˘
ÍÎ È

¥

-
¥

=

P
1  = norm

al operating pressure (psig)
P

2  = 50%
 of operating pressure (psig)

V
 = total system

 volum
e (ft 3)

T
 = (m

inutes)
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 Division

A
ir L

eaks – A
nticipated

Savings460
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 Division

A
ir L

eaks – A
nticipated

Savings

V
f – volum

etric flow
 rate of free air, cfm

N
L

 – num
ber of air leaks, no units

T
i  – tem

perature of the air at the com
pressor inlet, °F

P
l  – line pressure at leak in question, psia

P
i  – inlet (atm

ospheric) pressure, 14.7 psia

C
i  – isentropic sonic volum

etric flow
 constant

– 28.37 ft/sec-°R
0.5

C
2  – conversion constant, 60 sec/m

in

C
3  – conversion constant, 144 in

2/ft 2
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ITEM

 Division

A
ir L

eaks – A
nticipated

Savings
C

d  – coefficient of discharge for square edged orifice, 0.8 no
units

D
 – leak diam

eter, inches
T

l  – average line tem
perature, °F

L
 – pow

er loss due to air leak, hp
k – specific heat ratio of air, 1.4, no units
N

 – num
ber of stages, no units

C
4  – conversion constant, 3.03 x 10

-5 hp-m
in/ft-lb

P
o  – com

pressor operating pressure, psia
_

m  – com
pressor m

otor efficiency
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ITEM

 Division

A
ir L

eaks – A
nticipated

Savings

_
a  – air com

pressor isentropic (adiabatic) efficiency

     _
a = 0.88 for single stage reciprocating com

pressors

     _
a = 0.75 for m

ulti-stage reciprocating com
pressors

     _
a = 0.82 for rotary screw

 com
pressors

     _
a = 0.72 for sliding vane com

pressors

     _
a = 0.80 for single stage centrifugal com

pressors

     _
a = 0.70 for m

ulti-stage centrifugal com
pressors

     _
a = 0.70 for turbo blow

ers

     _
a = 0.62 for R

oots blow
ers
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ITEM

 Division

A
ir L

eaks – A
nticipated Savings

ÿ
T

he dem
and reduction, D

R
, energy conservation, E

C
,

and total cost savings, TC
S, attributed to repairing air

leaks are calculated using the follow
ing equations:

T
C

S = (D
R

 x effective dem
and rate x C

5 ) +
   (E

C
 x effective energy rate)

1
C

H
L

E
C

¥
¥

=

C
F

C
L

D
R

1 ¥
¥

=
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 Division

A
ir L

eaks – A
nticipated

Savings

L
 – pow

er loss due to air leak, hp

D
R

 – dem
and reduction, kW

/m
o

C
F – coincidence factor

E
C

 – annual energy conservation

H
 – annual tim

e during w
hich leak occurs, h/yr

C
5  – num

ber of m
onths per year equipm

ent contributes to the
peak dem

and, generally this constant is 12 m
onths/yr
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ITEM

 Division

A
ir L

eaks – Sam
ple Problem

Location
Leak D

iam
eter (inches)

N
um

ber of leaks

A
ir H

am
m

er
1/8

1

M
ach

in
e N

ozzle
1/32

2

G
rinder

1/8
2

C
alculate the potential annual cost savings if the leaks are

repaired.  If each leak costs $50 to fix, estim
ate the sim

ple
payback period.

G
iven:

O
perating hours = 8,760 hr/yr

A
ir tem

perature at com
pressor inlet =

 75 °F
A

ir tem
perature at point of leak = 75 °F

C
om

pressor operating pressure =
 110 psig

C
om

pressed air line pressure =
 105 psig

E
ffective dem

and rate =
 $10.00 / kW

E
ffective energy rate =

 $0.05 / kW
h
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ITEM

 Division

A
ir L

eaks – Problem
 Solution

E
C

 = ((3.2 kW
)(3)+(0.2 kW

)(2))(8,760 hr/yr) = 87,600 kW
h/yr

T
C

S = (10 kW
/m

o)($10/kW
)(12 m

o/yr) +

(87,600 kW
h/yr x $0.05/kW

h) = $5,580/yr

5 leaks x $50/leak = $250; sim
ple payback is less than one m

onth

D
R

 = [(3.2 kW
/m

o)(3)+(0.2 kW
/m

o)(2)] = 10 kW
/m

o
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 Division

U
se O

utside A
ir For

C
om

pressor Intakes
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ITEM

 Division

O
utside A

ir – B
ackground

ÿ
H

eat given off by the com
pressor w

arm
s intake air

ÿ
U

se cooler outside air as the supply

ÿ
O

utside air is cooler and denser than indoor air

ÿ
L

ess w
ork is required

ÿ
E

nergy requirem
ents can be reduced
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 Division

O
utside A

ir – B
ackground
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 Division

O
utside A

ir-A
nticipated Savings

460
 +

 
T
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T
O

 - 
T

I
 =

 
or   W

R
   

W
I  W

O
- 

W
I

 =
 

W
R

T
he fractional reduction in com

pressor w
ork:

T
he annual energy conservation:

E
C

 = P x H
 x W

R

T
he pow

er draw
n by the com

pressor:

m

1

ç

C
H

P
L

F
P

¥
¥
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 Division

O
utside A

ir-A
nticipated Savings

W
R

 – fractional reduction in com
pressor w

ork, no units
W

I – w
ork of com

pressor w
ith inside air, hp

W
O

 – w
ork of com

pressor w
ith outside air, hp

T
I – average tem

perature of inside air, °F
T

O
 – annual average outside air tem

perature, °F
P – pow

er draw
n by com

pressor, kW
H

 – hours per year of com
pressor operation, h/yr

L
F – load factor

H
P – horsepow

er rating of the air com
pressor, hp

C
1  – conversion constant, 0.746 kW

/hp
_

m  – com
pressor m

otor efficiency
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ITEM

 Division

O
utside A

ir – Sam
ple Problem

A
 200 hp screw

 com
pressor is located along the north w

all of the plant in an
isolated room

 next to an insulated w
all.  T

he average am
bient air tem

perature in
the room

 is 90°F.  T
he plant is located in a rural area w

here the average outside
tem

perature is 50°F.  T
he com

pressor is constantly loaded to supply the plant
com

pressed 
air 

requirem
ents. 

 
T

he 
com

pressor 
operates 

24 
hours/day, 

7
days/w

eek.
 A

t an installed cost of $500, w
ould it benefit the plant to duct outside air to the

intake of the plant air com
pressor?  If so, estim

ate the energy cost savings.
 G

iven:
L

oaded efficiency =
 90%

L
oad factor = 0.8

E
ffective dem

and rate =
 $10.00 / kW

E
ffective energy rate =

 $0.05 / kW
h
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 Division

O
utside A

ir-Problem
 Solution

0.073
460
 +

 
90

50
 - 

90
 =

 
 W

R
=

E
C

 = (133 kW
)(8,760 hr/yr)(0.073) = 85,051 kW

h/yr

P = (0.80)(200 hp)(0.746 kW
/hp) / (0.90) = 133 kW

D
R

 = (133 kW
/m

o)(0.073) = 9.7 kW
/m

o

T
C

S = (85,051 kW
h/yr)($0.05/kW

h)+(9.7 kW
/m

o)(12m
o/yr)($10/kW

) =
$5,417/yr

 Sim
ple Payback = ($500)/($5,417/yr) = 0.1 years
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 Division

R
educe C

om
pressor A

ir
Pressure
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ITEM

 Division

A
ir Pressure – B

ackground

ÿ
A

ir com
pressed to higher pressure than required

ÿ
D

em
and and energy savings can be realized

ÿ
Pressure control setting can easily be low

ered

ÿ
Plant personnel should low

er in 5 psig increm
ents
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 Division

A
ir Pressure – B

ackground
P

re
s

s
u

re
 C

h
a

n
g
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n
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c
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l R
e
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 Division

A
ir Pressure – A

nticipated
Savings
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 Division

FR
 – fractional reduction, ratio of proposed to current pow

er
consum

ption
U

F – usage factor
H

 – hours per year of com
pressor operation, h/yr

L
F – load factor

H
P – horsepow

er rating of the air com
pressor, hp

C
1  – conversion constant, 0.746 kW

/hp
_

m  – com
pressor m

otor efficiency
E

C
S – energy cost savings, $/yr

C
F – coincidence factor

D
S – dem

and savings, $/yr

A
ir Pressure – A

nticipated Savings



University City Science Center
ITEM

 Division

A
ir Pressure – A

nticipated
Savings
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)
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)
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1-
P P
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R

eduction 
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k
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N
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k
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 Division

P
dp  – discharge pressure at proposed operating
pressure, psia

P
dc  – discharge pressure at current operating pressure,
psia

P
i  – inlet (atm

ospheric) pressure

k – specific heat ratio of air, 1.4, no units

N
 – num

ber of stages, no units

A
ir Pressure – A

nticipated
Savings
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ITEM

 Division

A
ir Pressure - Sam

ple Problem
T

he air com
pressor is currently set to operate at 150 psia; the pressure at the

furthest point from
 the air com

pressor is 140 psia.  A
n equipm

ent survey indicated
that all of the equipm

ent using com
pressed air requires no m

ore than 100 psia to
operate effectively.  T

he air com
pressor is loaded 25%

 of the tim
e and operates 12

hours/day, 7 days/w
eek.

 W
hat 

new
 

com
pressor 

air 
pressure 

w
ould 

you 
recom

m
end? 

 
W

hat 
are 

the
horsepow

er reduction factor, energy conservation, energy cost savings, dem
and

reduction, and dem
and cost savings?

 G
iven:

C
om

pressor horsepow
er =

 100 hp
L

oad factor =
 0.8

A
ir com

pressor efficiency =
 90%

E
ffective dem

and rate =
 $10.00 / kW

E
ffective energy rate =

 $0.05 / kW
h
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ITEM

 Division

A
ir Pressure – Problem

 Solution
ÿ

A
ssum

e N
ew

 R
ecom

m
ended C

om
pressed A

ir Pressure of 110 psia

E
C

 = (1 – 0.84)(100hp)(0.8)(0.25)(0.746 kW
/hp)(4,368 h/yr)/(0.90)

E
C

 = 11,586 kW
h/yr

E
C

S = (11,586 kW
h/yr)($0.05/kW

h) = $579/yr

D
R

 = (1 – 0.84)(100 hp)(0.8)(0.746 kW
/hp)(1)/(0.90)

D
R

 = 10.6 kW
/m

o

D
S = (10.6 kW

/m
o)(12 m

o/yr)($10.00/kW
) = $1,272/yr

T
C

S = $579 + $1,272 = $1,851/yr



University City Science Center
ITEM

 Division

R
ecover C

om
pressor W

aste
H

eat
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 Division

W
aste H

eat – B
ackground

ÿ
80-93%

 of electrical energy used is converted into heat

ÿ
H

eat recovery unit recovers 50-90%
 of therm

al energy

ÿ
T

ypical uses for recovered heat include:

ÿ
supplem

ental space heating

ÿ
industrial process heating

ÿ
w

ater heating

ÿ
m

akeup air heating

ÿ
boiler m

akeup w
ater preheating
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 Division

W
aste H

eat – B
ackground

ÿ
H

eat recovery w
ith air-cooled rotary screw

 for space heating

is very com
m

on and easy

ÿ
H

eat can be extracted from
 lubricant coolers in w

ater-cooled

reciprocating or rotary screw
 units for hot w

ater

ÿ
H

eat recovery for space heating w
ith w

ater-cooled

reciprocating units is not as com
m

on
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 Division

W
aste H

eat – A
nticipated

Savingsç

H
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_ – density of air at exhaust tem
perature, lb/ft 3

Q
 – volum

etric flow
 rate through exhaust fan, cfm

C
P  – specific heat of exhausted air, B

tu/lb°F

T
e  – average exhaust tem

perature, °F

T
r  – set-point tem

perature of room
 to be heated, °F

H
H

 – annual hours during w
hich heating is required, h/yr

_ – efficiency of space heating system
, no units

C
6  – conversion factor, 60 m

in/h

W
aste H

eat – A
nticipated

Savings
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W
aste H

eat-Sam
ple Problem

Plant m
anagem

ent is concerned about the rising natural gas prices and feels that
steps need to be taken to reduce their natural gas consum

ption for the w
inter.

C
urrently, the w

hole facility is heated using natural gas units operating at 80%
efficiency w

ith a setpoint tem
perature of 70ºF.  Y

ou are hired to evaluate potential
energy savings and notice a 100 hp air-cooled rotary screw

 air com
pressor located in

an enclosed room
 next to the w

ood staining area.
 G

iven the inform
ation below

, w
hat is the estim

ated energy conservation and energy
cost savings from

 ducting com
pressor w

aste heat to the w
ood staining area for space

heating?
 G

iven:
A

ir com
pressor exhaust air tem

perature =
 135ºF

D
ensity of air @

 135ºF =
 0.0668 lb/ft 3

V
olum

etric flow
 rate through exhaust fan =

 3,200 cfm
Specific heat of exhausted air =

 0.24 B
tu/lbºF

A
nnual hours during w

hich heating is required =
 1,500 h/yr

N
atural gas rate =

 $5.00/M
C

F (1 M
C

F =
 1 x 10

6 B
tu)
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W
aste H

eat-Problem
 Solution
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C
om

pressed A
ir R

esources

ÿ
C

om
pressed A

ir C
hallenge Program

- w
w

w
.know

pressure.org

ÿ
“R

otary screw
 air com

pressor basics”, Plant
E

ngineering, February 2000, V
ol. 54, N

o.2

ÿ
“C

ost-effective com
pressor selection and

specification”, C
hem

ical E
ngineering,

Septem
ber 2000, V

ol.107, N
o. 10
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 Division

C
om

pressed A
ir R

esources

ÿ
Plant E

ngineering M
agazine

-
w

w
w

.m
anufacturing.net/m

agazine/
planteng/

ÿ
C

om
pressed A

ir System
s: A

 G
uidebook on

E
nergy and C

ost Savings, T
albott, E

.M
.,

E
nglew

ood C
liffs, N

J, 1992


