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Homework Questions

How can we find the compressor discharge pressure?

'd like to get feedback regarding dry air storage system in my facility. |
nave some doubts, that it is efficient. As for me, majority of air is going
to consumers via two bypasses. If my thoughts are correct, do we need
to keep all 6 dry tanks?

How to calculate right size of dry (or wet tank)
What material is best for compressed air lines — copper, steel, etc.?

Pressure settings on Gardner Denver screw compressor —Robert
Barrier

Baseline unit for continuous operation, can these be on VFDs?
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Compressor Control Types

= Start/Stop

» Load/Unload

= Modulating

= Variable Displacement
= Variable Speed
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Inlet Throttling

Throttied Inlet Contro
65% Capacity @
100 psig Discharge

114.7 psia
Discharge

Better U.S. DEPARTMENT OF
Plants ENERGY




AIR LEAKAGE

Female
Rotor

y

Stator

EEEEEEEEEEEE



Capacity Control by Inlet Throttling

Atmospheric pressure 14.7 psia
Intake pressure 9.0 psia
Discharge pressure 114.7

Compression ratio: 114.7/9.0 =
12.7 to 1

End Result?? Increased internal

leakage due to a higher
compression ratio

# Better
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Capacity Control by Inlet Throttling

Varies capacity by throttling
(restricting) the inlet flow

Provides a relatively stable output
pressure

Energy hog... least efficient

Every 10% reduction in capacity
yields only a 3% reduction in
power(BHP)

At zero capacity, power remains at
70% of full load power

# Better
QPlants
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Inlet Valve Modulation

* The example shows a

100 et I
) Inlet Valve Modulatio:-/Nor, g¥5f88r9$1 p())rgzlsgu re range
= 90 low down = .
m [}
S /—7‘“ = As discharge pressure
s L rises from 100 to 110 psig,
§ . 7 a proportional pressure
= Ple regulator provides a
x 7 control pressure from O -
S 40 i 30 psig, to progressivel
m [}
O _ _ close the inlet valve.
) y Inlet Valve Modulation — With Blow down i
o = As the inlet valve closes,
. the absolute pressure at
the inlet of the air end is

’ 0 10 20 30 40 50 60 70 80 90 100 reduced .
Per cent Capacity
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Inlet Valve Modulation

= This reduces the mass flow of

100 —

Inlet Valve Modulation - No air ente_ring the air end in direct

L 9 / Blow down —— proportion to the absolute
2 a0 — pressure.
2 //' ,
s 0= s = However, the reduced inlet
£ e P pressure, with increasing
= A7 discharge pressure, results in
< 50 / . ) ]
= e Increasing pressure ratio.

40 .
3 P = At 40% capacity the pressure
5 7 Inlet Valve Modulation — With Blow down ratio will be 124.7/5.88 = 21.21.

® = This is why there is not much

10 reduction in the power

0 requirement.

0 10 20 30 40 50 60 70 80 90 100
Per cent Capacity
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Variable Displacement

= Valves progressively opens ports connecting the compression
chamber back to the compressor intake in response to rising
discharge pressure. This allows some of the intake air to be
returned to the compressor inlet before it gets compressed and
uses power

» This progressive opening of by-pass ports has the effect of
shortening the length of the rotors after the lobes seal without
choking the intake and increasing the compression ratio
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Variable Displacement
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Variable Displacement

[

Turn-Valve

Turn-Valve Control _] @ L

65% Capacity 114.7 psia
100 psig Discharge Dijscharge
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Variable Displacement

Original Version — UP TO 55% TURN DOWN
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Variable Displacement
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Variable Displacement

7.8:1 Compression Ratio

Fs |

discharge
114.7 psia

—~ Turn Valve
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Variable Displacement
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Load/No-load Control Curve

Average kW vs Average Capacity with Load/Unload Capacity Control

e=t=1 gal/cfm e=lll=3 gal/cfm e=f=5 gal/cfm «=@=10 gal/cfm e=i¢=QOil Free Rotary

120

= This graph shows
AEEREREDE the effect of

g receiver size on the
— part load power of a
ssul lubricant injected
rotary screw
compressor with

7 load/unload

" controls
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Load/Unload and Storage Size

= |t is falsely assumed that a straight line, from full load bhp to
unloaded bhp, represents the actual power requirement in this
mode of operation.

= Sump blow down times will vary by machine size, but typically this
takes in the range of 20 to 60 seconds to prevent foaming of the
lubricant with the potential of excessive lubricant carry-over.

* |[n many cases, the system pressure will fall and the compressor
will re-load before the fully unloaded power is realized.

EEEEEEEEEEEE

Better us.
@Plants ENERGY




Capacity Control by Load/No-Load

100 % Power -~

20 % Power " . =

= During blow-off, the compressor is still running
against significant back pressure and
consuming a lot of power

= Bigger sump vessels lead to longer blow-off
times and more energy consumption
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Capacity Control by Load/No-Load

Active Power consumption evolution from L to NL

seconds
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Variable Speed Compressors

= Efficient means of rotary compressor capacity control,

» |ntegrated variable frequency AC or

= Switched reluctance DC drives.

= Compressor discharge pressure can be held to within +/- 1

* |n order to provide efficient VSD regulation over the complete
range of the customer’s air profile, the VSD operational flow from
min to max, needs to be sized so it will always be in its turndown
range.
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Variable Speed

A
N
3
3 7 Fixed Speed Total Losses due
e to the small bell curve range

' Less Total Losses with a
L] rotor designed for VSD
Speed
Y¢ »
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Performance Curves

Various Compressor Control Performance Curves
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Variable Speed Compressors

* The most common VSD is the variable frequency drive, which
converts 60 Hz alternating current to direct current and then
reconverts it to the proper frequency required to turn the drive
motor at the desired speed.

* The variable frequency drive is less efficient at full load compared
to modulation controls because the electrical conversions usually
consume an additional two to four percent more energy.

Better U.S. DEPARTMENT OF
aPlants ENERGY




Variable Speed Compressors

= VVSD (variable speed drive) and VFD (variable frequency drive)
are used interchangeably

= VFD is only one of the VSD technologies available.
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Variable Speed Compressors

* |n order to provide efficient VSD regulation over the complete
range of the customer’s air profile, the range of the VSD from
min to max needs to be sized greater than the load/no load

machine

Demand

Time

EEEEEEEEEEEE

Better ENERGY

S. DEPARTMENT OF ENERGY




How do | know my flow patterns to size a VSD Correctly?

Flow Histogram
Mean=658.2, Standard Deviation=124.469, Skewness=-0.238556

25%

20%

15%

Frequency

10%

5%

800 850 900 950 1000 1050

650 700 750

250 300 350 400 450 500 550 600

‘ BG 50 100 150 200
. Flow in SCFM



Control Gap and Position

= In order to provide efficient VSD regulation over the complete range of the customer’s air
profile, the cfm of the VSD needs to be greater than the load/no load machine

/compressor 1\ /compressor 2\ /compressor 3\ /compressor 4\
_________________________________________________________________________________________________________________ VSD  VISD Direct Stop
P unload P unload
P unload ———————— I
> 3psi| | VSD setpoint
P load
P load
\__ Pload /J\_ A\ AN /
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Centrifugal Compressor Control

» Performance is affected by inlet conditions and cooling water
temperature

» Characteristic curve is determined by impeller design

= Two conditions should be avoided:

= Surge (flow reversal)
= Choke (excessive flow vs. frame design)

= |nlet throttle valves modulate the compressor to reduced flow and
power but are limited by surge condition

= Blow-off valves control capacity below throttling limit

Better U.S. DEPARTMENT OF
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% Discharge Pressure

110

Control line

Surge limit

% Flow

By-pass Turn-down
range

# Better
QPlants

U.S. DEPARTMENT OF

ENERGY



Centrifugal Compressor Control Common Terms

Surge Line Blow-off Requested Flow point
/ Pressure Rise to
12 : / Surge

s Design Point

—
<

(==}
1

N
1

Discharge pressure, bar(g)

6000
FAD flow, m3/hr
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Auto-Dual Control or Load-Unload

The standard regulation is achieved by means
of inlet guide vanes and controller. —

The compressor discharge pressure set point
(B) will be set at the desired level and IGVs
will modulate the compressor inlet to maintain
constant discharge pressure over the control
(B—C) range.

At the surge control point (C), the IGVs stop
closing, allowing the discharge pressure to
rise to the unload set point.

At this moment, the compressor will unload
(IGVs close and unloading valve fully opens).

Auto Dual Control

-
o.
N
o
D Capacity
From CAGI

# Better
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Auto-Dual Control or Load-Unload

The compressor remains in the unloaded
condition until the system pressure declines
below the preset load set point (A), the
compressor resumes load at full flow, and the
cycle is repeated.

Re-loading time may be variable depending on
system capacitance.

If the compressor does not need to reload
within a fixed time period, the unit will stop
automatically.

The controller will automatically re-start and
load in anticipation, when the system pressure
falls to the load set point (A).

P2/ P1

Auto Dual Control

Capacity

# Better
QPlants

AAAAAAAAAAAAAAAA



Constant Pressure Control with Modulation

This control method uses the inlet guide
vanes (IGVs), unloading valve (ULV), and a
controller.

The compressor discharge pressure set point
will be set at the desired level and the IGVs
will modulate the compressor inlet to maintain
constant discharge pressure over the control
(A—B) range.

At the surge control point (B), the position of
the IGV is maintained fixed at min flow, the
unloading valve starts to modulate open, and
the excess compressed air is exhausted to
atmosphere.

P2/ P1

Constant Pressure Control

Capacity

From CAGI
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Constant Pressure Control with Modulation

In this way, a constant discharge pressure is
maintained over the full operating range of the
compressor (A-C).

Some controls can also provide for a maximum
unloading valve (ULV) position to be programmed.
This allows the plant to minimize inefficient
operation during periods of low demand by limiting
blow-off operation to a point between (B—C).

The constant pressure control system is designed to
continuously control the air output while keeping the
net pressure fluctuations to a minimum.

Constant pressure is critical in many applications.

P2/ P1

Constant Pressure Control

Capacity

From CAGI
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How do | know how to size Centrifugal to my flow

Patterns?
I Surge line
o0 .0‘ o s .
a ~_Centrifugal 1 . Centrifugal 2
100 pS|g o.'l.. \ o,;.. \
o | o !
1 ! %" .8 1
' o | L
30%
— i :
: : ! :
> : 3 >
1000 2800 4000 5000 5600 8000 CFM flow

* Plant has 8000 cfm peak demand, 5800 cfm average demand, and
3000 cfm minimum demand during weekends at operating pressure of
100 psig.

= Two 4000 cfm centrifugals with a 30% turndown to 2800 cfm

EEEEEEEEEEEE
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How do | know how to size Centrifugal to my flow

Patterns?

I Surge line
o0 .0‘ o s .
a ~_Centrifugal 1 . Centrifugal 2
100 psig - \\ A \\
s | o |

[ ! e 1

! ! : I

' 30% ! - :

H : !

: : ! :

> : 3 >

1000 2800 4000 5000 5600 8000 CFM flow

= During peak demand of 8000 cfm, both compressors will run at full load.

= When the flow demand is reduced to the average demand of 5800 cfm, the
two centrifugal compressors will close the inlet guide valve and run in its
turndown range without exhausting any compressed air to atmosphere.
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How do | know how to size Centrifugal to my flow

Patterns?
I Surge line
o0 .0‘ o s .
a ~_Centrifugal 1 . Centrifugal 2
100 psig T ,, e =
vy I ! I
I ! ! !
: : : I
30%
— i l
l : ! !
3 ! 4 3 >
1000 2800 4000 5000 5600 8000 CEM flow

During the weekend, when the demand reaches to minimum flow of 3000 cfm, one
centrifugal compressor will stop and only one compressor will run in its turndown range.

With this combination, the centrifugal compressors will work most efficiently and save a plant
significant energy.

# Better
QPlants
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Inlet Guide Vanes - Open
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Inlet Guide Vanes - Closed
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Inlet Guide Vanes

= This valve positioner consists of a common
housing that contains a 4 — 20 mA current to
pressure (I/P) transducer that controls the
attached pilot valve operated air to actuator
assembly.

= The positioner will output 0 to 65 psi (448 kPa) to
the actuator from an air signal.

» The air signal provided by the positioner is
proportional to the microcontroller 4 — 20 mA
output.

» The actuator provides the power to drive the valve
open or closed in proportion to the microprocessor
output control signal.

Better U.S. DEPARTMENT OF
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Centrifugal Compressor Control

The relationship of flow
and pressure for dynamic
compressors is different /
from that of positive
displacement machines.

CENTRIFUGAL
COMPRESSOR

POSITIVE/

DISPLACEMENT
COMPRESSOR

PRESSURE

CAPACITY ;
it ENERGY



Effects on dynamic compressor performance

* |Inlet pressure
= |nlet air temperature
= Cooling water temperature
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QPiante ENERGY




Inlet Pressure Effects On Dynamic Compressor Performance

Inlet pressure

Disch Decrease in inlet pressure
Ischarge reduces flow

Pressure % 100}— — — — — —_ ¢

Decrease in inlet pressure

Power at reduces power required

Coupling% 100}~ — — — — — =— 7/‘,
K

Inlet flow (weight/volume) percent 100
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Cooling Water Effects On Dynamic Compressor Performance

Cooling water temperature

Colder water

Discharge increases flow
Pressure % 100 Warmer water
decreases flow

Power at
Coupling % 100

Colder water increases
/‘, power requirement
I
Warmer water decreases

power requirement

Inlet flow (weight/volume) % 100

EEEEEEEEEEEE
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Inlet Air Temperature Effects On Dynamic Compressor Performance

Inlet air temperature influence

Design point

T Decrease in air temperature

Discharge | increases flow
% 100 — - - - - F -
Pressure % \ ¢ Increase in air temperature
reduces flow
Power at | T Decrease in air temperature

Coupling 100~~~ =—-=—-=—=—=— =+ increases power
"o |
| ¢ Increase in air temperature

reduces power

Inlet flow (weight/volume) % 100

# Better
QPlants
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Effects on dynamic compressor performance

As the inlet temperature is lowered the
denser air gives the first stage
impeller increased pressure head
making capability, causing a further
increase in mass flow at a given
discharge pressure.

The converse is true for an increase in
inlet temperature.

When the cooling water temperature
is reduced, the air temperature to the
second and successive stages also is
reduced, increasing their ability to
generate pressure head, and to
handle increased mass flow.

Discharge Prassure - psig

Centrifugal Compressor Performance

200 600 8

00 1000 1200 1200

Capacity -sctm

|+ Inlet Temp. 95 F —#— Surge Line

Constant Pressure Comtrd —#—hletTenp 55 F
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Curve showing air compressor performance at a 34°F inlet,60%

RH, 77°F Coolant and 125 psig discharge pressure:

67.5

Discharge pressure, psi(g)

2000 2500 3000 3500 4000 4500
Delivered flow, scfm
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Curve showing air compressor horse power at a 34°F inlet,60%

RH, 77°F Coolant and 125 psig discharge pressure:
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Curve showing air compressor performance at a 104°F

inlet,100% RH, 77°F Coolant and 125 psig discharge pressure:

125.00 ; ; . 67.5
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Delivered flow, scfm
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Curve showing air compressor horsepower at a 104°F inlet,
100% RH, 77°F Coolant and 125 psig discharge pressure:

2

------------------------------------------------------------------------------------------------------------

s

Coupling power, hp
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Delivered flow, scfm

AAAAAAAAAAAAAAA

QPlants. ENERGY




Multiple Compressor Control

Holds a constant air pressure in the network within narrow limits.
Easy to install.

Connectable to all kinds of compressors.

Optimisation of service intervals = lower service cost.

Priority selection : old versus new machines.

Delayed start : NEVER start two machines or more at the same
time => high current peaks are avoided.

Base load compressors can fill a net in advance to avoid load
peaks.

¥ Better
Plants_
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Multiple Compressor Control

= Very simple user interface = minimum user training.
= Machines are used more efficiently.

= Energy reduction = immediately saves money.

= Full compressor & network status feed- back.

= Programmable pressure schedule.

= PC monitoring & analysing possibilities.

Be“er EEEEEEEEEEEE
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Cascade Compressor Control

= Base load as many
compressors as possible.

Compressor "
41 * Traditional cascade control
110 T Compressor can be inefficient.
#2
105 | Compressor
. #3
2 100 7 Compressor
= =4
e 95 T m—p—
7
S 99 T Backup Compressor. Takes
= 30 seconds to make air
85 ————————————————————————————————————————————————— R — = e e ——— i —— —— —
Production minimum requirement
80
169
Qrints ENERGY



Master Controls

- Basic single set point control scheme

110 —
105 +—————— " Unload pressure -
o 100 —1— ingle set poi rol pressure
E
o 95 T Load pressure ---g----—————————————————-—--———
3
S 90
A
85 ——--| Production minimum requirement |--———--Y--——-—
80 ——

EEEEEEEEEE
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Master Control Basics

P
| 125 2 PSI = +/- 1% energy

118

N 110 P 104 psig

102 psig [ e
o5 = 100 psig
88
80
- 1

Comp. 1Comp. 2 Comp.3 Comp. 4 Comp. 5

Cascaded Pressure Switches Vs Master

EEEEEEEEEEEE
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Pressure/Flow Controllers

* Primary function: Stabilize pressure regardless of demand
= Most compressor controls cause 3-10 psi swings
= Multiple compressors can compound the system pressure swings

= Pressure/flow controllers typically hold pressure to production
within £ 1% of set point

= The following graph is from a system with 9 compressors totaling
over 6,000 hp — pressure is set at 79 psig

AAAAAAAAAAAAAAA

Better .
@ Plants ENERGY




Pressure/Flow Controllers

Pressure Flow Controller Inlet Pressure (blue)

PSI Pressure Flow Controller Outlet Pressure {(green)

100
Pressure/Flow Controller
Inlet Pressure

80 = v ~— . et r—t— . ——r——tr— "

=1 Pressure/Flow Controlier

Qutlet Pressure

60 —

20 |

0

| ! 1 ! ! ] ! 1 ! 1 ]
9:00:00 AM 9:30:00 AM 10:00:00 10:30:00 11:00:00 11:30:00 12:00:00 12:30:00 1:00:00 PM 1:30:00 PM 2:00:00 PM
0372299 0372299 AM AM AM AM PM PM 03/22/99 03/22199 03/22/99

* The compressor discharge pressure varies about 10 psi as the trim compressor loads
and unloads to meet plant demand.

* The pressure to the plant is kept at a constant 79 psig.

U.S. DEPARTMENT OF
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Pressure/Flow Controllers

—o— Kilowatts
—&— Discharge Pressure
After Flow Pressure Controller

50% Cap, Flow Pressure Controller Bypased

110

100

90

80

70

60

kW, PSI

50

30

20

0 100 200 300 400 500 600
Seconds
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Pressure/Flow Controllers

—— Kilowatts

50% Cap, Flow Pressure Controller @ 78 Psig

—— Discharge Pressure

110 After Flow/Pressure Controller
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Pressure/Flow Controllers

South Compressor Room psig comparisons

|—psig at Compressor —— psig into Flow Controller

psig out of flow controller |

124

122
120

118 /A\ /A\

/\

A N
/| 7 /| /| /

114 SN VAVAN / /[ \ VAVAAN /

A\
/L\ / \ /)
/ N\ / / / [\ /]

el L L N L\ AV T IN LT IALT N

/ 1/ I\

[/ N\ V(AR / /

wl f/ \_ [/ N/ N /T T IN AL

NI/ N N 1A

05 | ]/ \// N\ ]/ \ |/ N\ ]/
v/ \/ V/ \/ W

106

N[/ N\ ]/ N/
'V A\ N\

104

102

100

98

96

94

92

90

88

86

84

82

80 t t t t t t t t t t t t t t t t t t t t t t t t t t t t t

Nd veiLee
Nd €€:1¢€
Nd ¢vilee
Nd 1S'1ee
Nd 00:¢c:€
Nd 60-¢c:€
Nd 81:¢c€
Nd L¢g:cee
Nd 9¢:¢e:e
Nd S¥:¢c€
Nd ¥§:¢e€
Nd €0-€¢:€
Nd Zl:€ce
Nd Le€ee
Nd 0€:€C:€
Nd 6€:€C:€
Nd 8¥:€¢:€
Nd £G:€2€
Nd 90:¥¢:€
Wd Slvee
Nd vevee
Nd €€:v¢:€
Nd Z¥vee
Nd LSvee
Nd 00:G¢:€
Nd 60:G¢:€
Nd 81:G¢:€
(A SPAATAS
Nd 9¢:G¢'€
Nd G¥:Ge:e
Nd ¥5:G2€
Nd €0:9¢:€
Nd Z1:9¢:€
Nd L¢9ce
Nd 0€:9¢:€
Nd 6€:9¢:€
Nd 8¥:9¢:€
Nd £6:9¢:€
Nd 90:4¢'€
Nd GlL:Lc€

Nd ve:lee
Nd €€:2¢:€
Nd ¢¥:Le€
Nd 1§:L¢€
Nd 00-8¢:€
Nd 60-8¢:€
Nd 81:8¢:€
(A SWAA:TAS
Nd 9€:8¢°€ T
Nd G¥'8¢:€
Nd ¥5:8¢:€

# Better
QPlants

o
(3]

U.S. DEPARTMENT OF

ENERGY



Pressure/Flow Controllers




Pressure/Flow Controllers

pressure Control

Current 96.2 PSI
Pressure ——1pSI
Current 9?12
Setrpoint °

Current 919 SCER

Usage
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Pressure/Flow Controllers

Compressor #1
Baseload - L/NL
125 Hp - 94 kW pkg
500 cfm @ 100 psig
MFFP 110 psig

Compressor #1
Trim - L/NL
125 Hp - 94 kW pkg
500 cfm @ 100 psig
MFFP 110 psig

500 gallon
Receiver
(wet)

Compressor #1
Stand-By - L/NL
125 Hp - 94 kW pkg
500 cfm @ 100 psig
MFFP 110 psig

Supply
Header
Pressure
. / Flow
Refrigerated Control
Dryer
1,000 gallon
Receiver
(dry)

= Atypical block diagram of a pressure/flow controller in a compressed
air system with one point of entry (single compressor room)
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Pressure/Flow Controllers

©

> 1<~
< > ><N

e r us.
QPlants 69 ENERGY



Primary Storage




How does Volume Help

i i R lat
= Apaint area in a body shop has a 5 HP cormt
compressor mounted on an 80-gallon air 90psig

receiver. This receiver is pumped up to 175
psig. The air flow to the buffer which uses 18
SCFM at 90 PSIG, is regulated to 90 PSIG &
outflow from the regulator.

= The compressor delivers 12-13 SCFM at 90
psig but yet it runs the 18 SCFM sander just
fine.

= How can this work???
= The buffer uses more volume(scfm) than the

compressor can deliver !! #
= [f there were no regulation and receiver, you

Buffer... 18 scfm @
90 psig or 23.4 scfm

@ 120 psig

can be sure that the compressor would not be
able to run the tool

EEEEEEEEEEEE
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How does Volume Help

ﬁ

//

-

-
=
/

-

NG _— > Buffer... 18 scfm @ 90
—

s psig or 23.4 scfm @ 120
L :
R psig

With no receiver, the painter must install a second 5 hp
compressor and therefore use twice the energy as before

EEEEEEEEEEEE
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Controls Summary

» Create a control strategy:
v Know how your controls work
v Realize the pros and cons of different controls
v Recognize how controls affect part load efficiency
v Understand how storage affects the effectiveness of control strategies

EEEEEEEEEEEE
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Session 3

Logtool, AirMaster+ and the
MEASUR Tool

ENERGY



Why AIRMaster+?

~90% of energy input to compressor never reaches tools (waste heat,
drying, etc.)

Leaks +pressure drops remove air energy before reaching tools--
sometimes >50%

Poor or improperly adjusted controls leave several compressors
operating a part load

System assessments can be an arduous task using spreadsheets that
must be modified for each job

AlRMaster+ provides a systematic approach to assessing compressed
air systems, analyzing collected data, and reporting results

¥ Better
Plants_
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What Can This Tool Help Me With?

There are two basic ways to reduce the energy consumption of a compressed air system: produce
compressed air more efficiently; and consume less compressed air.

Energy “ Compressed

Product

v

Powerhouse / Compressor Station Manufacturing Plant
,, l
Producers of Compressed Air Consumers of Compressed Air
\ 4 v
Produce Air More Efficiently Use Less Compressed Air

Total Energy 'V
Savings

Better U.S. DEPARTMENT OF
Plants ENERGY




What Can This Tool Help Me With?

Energy Compressed Product
—_— ) (| —
Electricity Powéai Hoiise / Air [ &

Compressor Station Manufacturing Plant

l l

Producers of Compressed Air Consumers of Compressed Air

@ce Air More Efficiently Use Less Compressed AD

There are two basic ways to reduce the energy consumption of a compressed air
system: produce compressed air more efficiently; and consume less compressed
air.

Total Energy Savings

Better U.S. DEPARTMENT OF
QPane. ENERGY



What Can This Tool Help Me With?

* Produce more efficiently

= Improve Compressor Control
* Type of Compressor Control

» Use less compressed air

= Reduce System Pressure
= Reduce Air Demand
* How does compressed air support production?

Better U.S. DEPARTMENT OF
@Plants ENERGY




Compressed Air Versus Other Energy Sources

= 1 hp air motor = 7-8 hp of electrical

power 8-
= 30 scfm @ 90 psig is required by the air 6
motor HP 4

= 6 -7 bhp at compressor shaft required for 30 2]
scfm 0.

= 7 - 8 hp electrical power required for this
= Annual energy cost for a 1 hp air

Input Power to Electric Motor

motor versus a 1 hp electric motor, 5- " ot
day per week, 2 shift operation m Power Losses and Usefull Work

$0.05/kWh
= $1,164 vs. $ 194

EEEEEEEEEEEE
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AlRMaster+ Features

= AIRMaster+ is a Windows-based software tool used to analyze
iIndustrial compressed air systems:

= Simulates existing and modified compressed air system operation
* Models part load system operation

= Assigns electrical utility energy schedules

= Enters 24-hour metered airflow or power data

* |s not a substitute for an experienced auditor!

Be“er EEEEEEEEEEEE
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Energy Efficiency Measures

1. Reduce Air Leaks 5. Adjust Cascading Set

>. Improve End Use Points
Efficiency 6. Use Automatic

3. Reduce System Air Sequencer
Pressure 7. Reduce Run Time

4. Use Unloading 8. Add Primary Receiver
Controls Volume

EEEEEEEEEEEE
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Why LogTool?

» LogTool is a public domain tool developed by SBW Consulting
with support from the Compressed Air Challenge™.

* |t is designed to assist in the analysis of compressed air system
performance measurements.

= |tis a companion tool for Airmaster+ available from the US DOE
and CAC.

Better U.S. DEPARTMENT OF
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LogTool is Designed To:

* I[mport data which is exported from different types of data loggers.

= Select logger data channels and modify their properties.
= e.g., hame, type, units, etc.

* View data values for one or more logger channels.

= Display trend plots on one or two Y axis.

= Display scatter plots.

= Display daytype plots in the format that is needed for AIRMaster+

Better U.S. DEPARTMENT OF
@Plants ENERGY




Enter LogTool Data Into AIRMaster

= Enter Utility and rate information
= Enter System information including Day Types
= Enter compressor Information

= Enter recorded data to establish the baseline
= This data comes from LogTool

= Experiment with different EEM'’s

Better U.S. DEPARTMENT OF
@Plants ENERGY




AlRMaster+ Main Menu

% AIRMaster+

Inventory  Systermn Enhancements Calculators  Help

Efficiency
Measures

i Company ;

Utility

Maintenance

Facility Catalog

System Life Cycle

Print Data
Input Forms

Compressor

Better
Plants_
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MEASUR Main Menu

) MEASUR

Welcome to the most efficient way to manage and optimize your facilities' systems and equipment.

Create an assessment to model your system and find opportunities for efficiency or run calculations from one of our many property and equipment calculators.
Get started with one of the following options.
If you need help at any point along the way, click on a & User Manual icon.

O

View Assessments Equipment Calculators
& | ¢
Pump Compressed Air Process Heating Fan Steam Treasure Wastewater
Assessment Assessment Assessment Assessment Assessment Hunt Assessment

Motor Data
Inventory Exploration

U.S. DEPARTMENT OF Energy EfflClenCy &

ENERGY Renewable Energy
fiBctter ENERGY

S. DEPARTMENT OF ENERGY



Box Plant Company Example

3 inch to Plant

1020
Gallons

2180
Gallons

QNW Model 1271 —
250 hp, Air Cooled

95 psig

Gardner Denver

Model RSD1500A4

Refrigerated Dryer

Rated for 1500 SCFM @ 100 psig

Mist Eliminator
Filter

QNW Model 1011 —
200 hp, Air Cooled S
Rated 1014 acfm @ 100 psig

Better U.S. DEPARTMENT OF
QPane. ENERGY



Baseline Info

= 200 hp baseloaded compressor rated 1014 acfm using modulated
inlet control

= 250 hp trim compressor rated 1269 acfm using modulated inlet
control operating at 40% output

= Production is 24/6 with Sundays off
= Average flow during Monday to Saturday is 1500 cfm
= Baseline energy is 2,587,516 kWh or $174,657 using $.0675/kWh

= | eakage is estimated to be about 600 cfm based on leak down
test

Be“er EEEEEEEEEEEE
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Baseline Info

= Air Operated Diaphragm Pumps (AOD) are in use and can be

replaced with electric driven pumps made to pump heavy viscous
fluids such as glue

= 3-inch pipe is used in the compressor room to handle almost 1500
scfm of flow. This is borderline undersized and is creating
additional pressure drop.

= Both compressors must run to support production. Neither one by

itself can run production. There is no redundancy at this plant for
compressed air.

‘Be“er EEEEEEEEEEEE
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CHAPTER 4

Compressed Air Distribution (Systems)

Table 4.7 Loss of Air Pressure Due to Friction

Cu ft

Free Air Compressed

Per Min

Equivalent
Cu ft

Air

Nominal Diameter, In.

Per Min /2 34 1 1Y, 11, 2| 3 I < 6 8§ 10 12

10 1.28 650 99 028 ' '

20 256 259 390 111 025 011

30 384 585 901 251 057 026

40 512 160 445 103 046

50 641 251 9% 161 071 0.19

60 7.68 362 100 232 102 028

70 8.96 493 137 316 140 037

80 1024 645. 178 414 183 049

90 11.52 828 226 523 232 062

100 1281 ... 279 647 286 077

125 1582 486 102 449 119

150 1923 628 146 643 172 021

175 22.40 198 872 236 028

200 25.62 259 114 306 037

250 31.64 404 179 478 038

300 38.44 582 258 685 084 020
350 44 80 351 936 114 027
400 5124 458 121 150 035
450 57.65 580 154 189 046
500 63.28 716 192 234 055
600 76.88 276 336 079
700 89.60 377 455 109
800 1025 400 589 142
900 1153 623 76 180
:ﬁj 1281 769 _93 221
1,500 1923 .- $210}) 49 057
. 2562 374" 88 099 024

AR S
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LogTool Trend Plot

Interval data (3 seconds) tor System [Not Assigned) and Fenods [Not Assigned)
1/11/2018 12:02:25 PM to 1/23/2018 6:33:51 PM = ‘Wet Tank [psig)
Diy Tank (psig)
= d0inch pre feed (psig)
= 40inch main header (psig)
= Exit Conveyor Pusher [psig K/
- Waste Water (psig)

Pressure and Power Profile

psig
200 QNW (kW)
250 GNW (kw)

400

L

[ lw[, ’,. | SR TN L LR

200
......................... 100
wll ... | 200hpusing178kW | - .|| 250hp using 170 kW
: E for only 100% output : for only 40% output
: : About 1000 cfm : About 500 cfm
10. ...... ............
: ;‘b ’i_, b U.S. DEPARTMENT OF
Better & & s.

ENERGY
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LogTool Trend Plot

Interval data (3 seconds) for System [Not Assigned) and Periods [Not Assigned)
142172018 2:39:10 &M to 1/21/2018 3:19:28 AM

Gross Leakage Bleed Down Test #2

—— Wet Tank [psig)

Dry Tank (psig)

40 inch pre feed (psig)
—— Exit Conveyor Pusher [psig] .,
—_— Waste Water (psig) 2230
— 200 ONW (KW
— 250 ONW (KW 220

“t210

psig
R I T 118.6 psig @
120 ' ..... i e ‘_. ..... : : 2:50:33

. : . . . . . . . . . R . . . . C . . . . . . . . . . . . . . . . . . . . . . 200
11045 - e e TERRE e R e e e : O I S e e e e EEEE R SRR R TR PO SRS S S e e e

. . . . . . . . . X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
180

170

10045 - el DR TR ‘ Ceeees R T SRR TREE R PR PRRR s S TR e PRRp e e

90 ..... ..... ..... ..... [ — ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... 160
compressors
is turned off at
R 2:50:33 R N S S S S S S R

70 ERR e e SRR D L REEEREIEE] TN e :”‘..: ..... ..... 4,. .................. e ..... ..... ..... ..... ,...‘\ ..... ..... ..... .....
2:54:03

S 150
pe e tumed offat | e R G\ g
120
U SN OO VOO SO0 U O AU SO O (S S
X X . . . . : : . . . . 100
90
S RETEPRTTPOOY FHVSF ISP PP PR SPRTS TP! | PRP R TIPS CLZEILIETDS PRI PRS PP SUPE POPE PP F PRSP S PSRRTEPTEF (ROt SUPES PRPPE SPRYS PRSP SETE: FEPRRARE R L
‘150

40

30
20

10

0 0
@@@@@@@@@@@@@@@@@@@@@@@@@@@@«9«9@@@@@@@@@@ U5, DEPARTMENT OF
5 S & A7

gﬁ‘trt“ta; F & FFFE FF T L P F L LR F T TS T T T T ¢ e ENERGY




Bleed Down Test Calculation

Cfm Leakage= [V x(P1-P2)x1.25]/(Tx14.7)

Where V= 453.9 Cu ft
Pl1= 118.66 Psig
P2 = 59.33 Psig
T= 3.50 Minute
Cfm Leakage = 654.34
% Leakage = Measured cfm leakage/total cfm output of plant compressors
% Leakage = 32.3% Assuming 4cfm/hp and total HP of 450

EEEEEEEEEE
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LogTool Trend Plot

psig

100

Interval data (3 seconds) for System [Not Assigned) and Periods [Not Assigned)

1/17/2018 7-15:55 AM to 1717/2018 1:41:41 PM Wet Tank [psig]

Diy Tank (psig)

40 inch pre feed (psig)

40 inch main header [psig)
Exit Conveyor Pusher (psig

Pressure and Power Profile
Oscharge | .. . . . . 10 minute intervals

200 QNW (Kw)
250 ONW (K'w)

[T

Pressure

Dry Tank outlet and all demand
side header locations

' Point of use
pressure at 40
. inch Pre-Feed

Waste Water (psig) ki

400

Better

Plants
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LogTool Scatter Plot
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supply receive (Pressure) vs. comp 2 ki (Power)
15 second interval data for System (Not Assigned) and Period (Not Assigned)

Power (KW)

Lenage
.
Ty i

.

(TR

e

!
z.o

.

. lll'l!l
| |3,:!."

118

90

20

116

Pressure (psig)
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B3 Import/Manage Logger Data in: IP LogTool.mdb

Logger File Type ||

Select Logger Data Files | Fo ﬁ%cBEDF'VS;ﬁLﬁgﬂninsﬂware

E'IDUEQDEDE'}'EC'T&FLOQEI;?T Soft Logger Data Files
- onfiguration Software "
| Impart | File Mame SULLAIR Logéi Saftware Start | End | Interval sec.] | File Status |
Fanger Pronto For Windows
“Wondenware ActiveF actor
Unknown Logger Software
Channels in Filez Checked for Impaort |
| Import | FileMame | LoggerlD | LoggerMame JCh#t] Mame | Type | Units | Perind | Systern |
Impaort Checked Channels | Check All Channels Uncheck All Channels
Logger Channels Imported to thiz MODE File |
Delete | Marme \ Type | Inits Period Syztem Start End | Interval [sec.]
. [ [wetTank Preszure - | pzig Mot Azzigned - | Mot Azzigned -~ 112018 11:46:51| 1/23/2018 14:40:00 3
T [DwTank Pressure - | psig Mat Azzigned - | Mot Azsigned -~ 1A1/2018171:43:14) 1/23/2018 14:36:23 3
[T [40inch pre feed Pressure - | pzig Mat Azzigned - | Mot Azsigned - 11208121203 1/23/201815:08:12 3
[T |40inch main heade| Pressure | psig Mot Azzigned - | Mot Azsigned -~ 1A1/20181215:25) 1/23/2018 15:08:34 3
[T |Exit Corweyor Pushe| Pressure | psig Mot Azzigned - | Mot Aszsigned -~ 1120181222100 1/23/2018 151519 3
[T [waste Water Pressure -] psig Mat Aszzigned - | Mot Azsigned - 1A1/201812:05:48) 1/23/2018 14:58:57 3
[ [200 OnNw Power - | ko Mot Azzigned - | Mot Azsigned -~ 112018 11:35:38) 1/23/2018 14:29:59 3
| ETETS Power - |l Mot Azzighed - | Mot Azsigned -~ 1A1/201811:31:38] 1/23/2018 14:24:47 3
[Delete Checked Channels
‘Be“er U.S. DEPARTMENT OF
ENERGY
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|:|.' LogTool v2

File Tools Help

Open/Create Databasze file to store logger data

LogTool Main Menu

| VG AR E st AR ase T MO FigT)

Create a Mew Database [(MDE File) ﬂ

File |IP LogT ool.mdb

Falder || D:\WEEC 201 8\International Paper Company

Import Logger Data |

Trend | Scatter ﬂ DayType ﬂ
Logger Data in: IP LogT ool mdb
Trend JScatter] DayTvpe

view |1 [v2 ] %] v ] Include M ame Type Inits Period System Start End Interval [sec.] |
Data§ ™ [ VW [T Il Wet Tank Pressure | psig ‘:J Mot Assigned Mot Assignec + | 141122018 11:46:51| 1/23/2018 14:40:00 3
Dataf ™ [ |\ | I Dy Tank Pressure  w |psig v | Mot Assigned Mot Assignec « | 1/11/201811:43:14| 1/23/2018 14:36:23 3
Data§ ™ [ (T I 40 inch pre feed  |Pressure  +|psigp  + | Mot Assigned Mot Assignec + | 1A11/201812:12:03) 1/23/2018 15:05:12 3
Datad W (T (T - A0 inch main head | Pressure | psig  + | Mot Assigned Mot Azsignec « | 1/11/20181215:25| 1/23/2015815:08:34 3
Dataf ™ (T (T I Exit Conveyor Pusl|Pressure | psig | Mot Assigned Mot Assignec + | 1A11/201812:22:10| 1/23/201815:15:19 3
Datad W (T (T - “Waste ‘Water Pressure  »|psig | Mot Assigned Mot Azsignec « | 1/11/201812:05:48| 1/23/2018 14.58:57 3
Datad ™ | (T ™ 200 QW Power v kW v Mot Assigned Mot Azzignec | 1/11/2018 11:35:38| 1/23/2018 14:29:59 3
Data§ ™ |[¥ | |™ ™ 250 QN Power * |k | Mot Assigned Mot Assignec « | 141122018 11:31:38| 1/23/2018 14:24:47 3

Uncheck,

{ Trend | Scatter | DapType |

U.S. DEPARTMENT OF

ENERGY



Enter LogTool Data Into AIRMaster

|:|.' DayType Analysis

Systermn: Mot Assigned, Period: Mot Assigned

Jan-14-2018 | Sun | Sunday

Jan-15-2018 [Mon | Monday

Jan-16-2018 | Tue | Production
Jan-17-2018 [Wed | Production
Jan-18-2018 [ Thu | Praduction
Jar-19-2018 (Fri | Production
Jan-20-2018 | Sat | Production

Better

Jan-21-2018 | Sun | Excluded Days
Jan-22-2018 | Mon | Excluded Days
Jan-23-2018 | Tue |Excluded Days

Power [k
400
h Right click on
3007 data points to
zelect day type.
Left click to
| highlight the
200 trace.
1007
04
1 2 3 4 5 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Haur of the Day
Click a date to highlight profile in graph. Plot Day Type ... Remove Day Type... Caution: Day profiles can be similar even though
- - different equipment, &.q., compressors, is operating.
Date Day Day Type IA" Days —I I —l IUze Trend Plots to examine the details of equiprment
Jan-11-2018 | Thu | Excluded Days operation before determining whether days should be
azzigned to the zame daytype.
Jan12-2018 | Fri | Production - - -
- E‘;eaie 'bys:em E Copy Plot to Copy Profiles to Hel

Jan-13-2018 | Sat | Production e i ClipBoard ClipBoard P

Systern DayT ype Profiles

DayTypeM ame ChanneMame | Hi 01 | He 02 [ H 03 | He 04 | H 05 | Hi 06 | Hr 07
p |tonday 200 QMW 0.00 0.00 0.00 000 8455 17588 17713
b onday 250 QMW 0.00 0.00 0.00 000 8380 164.18| 16356
Production 200 GINW 17812 178.25| 177.86) 17711 17767 173.09] 177497
Production 250 GINW 166.54| 166.81| 167.43) 168.31| 16850 168.50| 16840
Sunday 200 GINW 181.76| 18051 179.20) 176.98| 15417 0.00 0.00
Sunday 250 GINW 165,56 16378 1B2.43| 161.83] 14303 0.00 0.00

U.S. DEPARTMENT OF
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DayType Profiles

Pawer (Kw) Production

400;

3007
2007

1007

0 | B e S S B BN S S s s e S S e me s S S S e e S S S e N S s e e e s S m e e e e S a e e e |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of the Day
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DayType Profiles

Power (kW) sunday
4007

30071
2007

1007

——————+—+— | Guna S o S e S e o S S e e e e o cena a4
1T 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour of the Day
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DayType Profiles

Pawer (Kw) Monday
4001
st + i e | ————— i + + "
300t
200t
100t
U'm " L -ttt  rt t—t—t+—t t+t t r - tt—ttt:dl
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Hour of the Day
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Enter LogTool Data Into AIRMaster

= Enter Utility and rate information
= Enter System information including Day Types
= Enter compressor Information

= Enter recorded data to establish the baseline
= This data comes from LogTool

= Experiment with different EEM'’s

Better U.S. DEPARTMENT OF
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Utility and Rate Information

5 Utility
File Calculators Help

OlZlH & S| 2

X

Cloze |

3 Utility Rate Schedules
File Calculators Help

Dlsdsl sle

Utility

;I Rate Schedules

[Itility D ata

Litility narme ISHP

Itility code I

Address 1 I

Address 2 I

City |

State/Zip I I

Contact I

Phone “[ I -

Uity | SRP

Rate Schedule TR D

Fate Scheduls

Dezcription |EE1

Seazon 1

Start Month/D ay |U4e" 01
Demand rate “ EI EIIJE

[$/kM -ma) :
Block 1 0.0&6750

Energy R ate

[$7)Mh) Block 2 ﬂ 0.00000
Block 3 0.00000

Seazon 2

1040

0.0

0.06750
0.00000
0.00000

19543

# Better
QPlants
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System Information

B3 System X
File Calculators Help
D /e8| =92 _ Cose|
Facility [ LI Syztem “F’mductinn jl
§S ystem Data 1[ Sequencer Data Daytypes ] End Uzes
System name Calculated airflow capacity ﬁ

Contact

Phone

Sequencer type

[ ]

Sequencer used [

{ Cazcade pressures
{" Target pressure

* Air ztorage capacity refers to unregulated [primary] storage. Thiz
field iz required to run Add Receiver Wolume efficiency measure.

[sum of compreszors), actm

Mominal system pressure, psig 115.0

System elevation, feetl 1000
Air ztorage capacity [receivers
+ dizgtribution pipe] , ft3 * I 443.0
Air Storage
Capacity Calculator

# Better
QPlants
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System Information Day Types

B3 System
File Calculators Help
Dljlq“i“ él?l Cloze |

j System “ Production j]

Facility |

Systern Data ] Sequencer D ata ] gi aﬂgpeg 1| End Uses

o Uperating Seaszon 1 5
D aytype Description Days - demand months
Season 2 Ceasoh 2 :
b onday 52 1] dematd rnonths
Wieek Day 261 1]
Sunday 52 1]
Total annual days 365
f Total down days 1]
4 ﬂ b
T Y

U.S. DEPARTMENT OF

: . ENERGY
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Compressor Information

B3 Compressor Catalog X
Search Select Clear Add Copy ’I %l ? ﬂ LCancel
— Search Criteria
Compressor bppe | Single stage lubricant-injected rotary screw j ; at?ﬁé%g?”ﬁb -All- j - Iglrsezrt- ed only
Control type | Inlet modulation without unloading j] Desied capa:li;_ﬁ:n +/- 4
M arufacturer It modulation without unloading DE;E:;LL:EEI?S?Q +- &
Inlet modulation with unloading
— Search results - 11 anable dizplacement with unloading
Scroll ight for mo lé?;fjéﬂgad Compressor Details

Proprietar b ko -

Comprezsor Type b anufacturer F!aP:ing,
FI

Single stage lubricant-injected rotary zcrew | <Generics: 200 hp150 kW 200] Inlet modulation without un
Single stage lubricant-injected ratary screw | <Genenc: 200 bp/150 ki 200] Inlet modulation withaout un
Single stage lubricant-injected ratary screw | <Genenc: 200 bp/150 ki 200 Inlet modulation without un
Single stage lubricant-injected rotary zcrew | <Genernic: 200 hp150 kw 200] Inlet modulation without un
Single stage lubricant-injected ratary screw | <Genenc: 200 bpA150 ki 200 Inlet modulation without un
Single stage lubricant-injected ratary screw | <Genenc: 200 bp150 ki 200 Inlet modulation without un
Single stage lubricant-injected ratary screw | <Genenc: 200 bp150 ki 200 Inlet modulation without unJ
Single stage lubricant-injected rotary zcrew | <Generics: 200 hp150 kK 200 Inlet modulation withaout un
Single stage lubricant-injected rotary screw | <Generics 280 hp185 kW 280 Inlet modulation without un
Single stage lubricant-injected ratary screw | <Genenc: 200 hp/185 kwf 280(Inlet modulation without ﬂj
1 ﬂ 3

Better U.S. DEPARTMENT OF
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Compressor Information

B3 Compressor Inventory X
File Calculators Help
| ﬂ f I Hﬂ iﬂ %ﬂ g ﬂ Lope £ompressor ﬂ Gueny Inventory | Copy To Catalog | Cloze ﬂ
Facility Ilnternational Paper ;‘ Compressar IZDU hp GIRW j
System IF'roductinn ;‘ 200 hp. Single S5tage Rotary Screw,. 1005 acfm
User- [200 ho ONw Comprezsor dizcharge - ;
el W pl control range |11D.D 120.0 psig Mcannnl::lf;g;grjr
Description “200 hp QMW Sequencer used [ Details...
M ameplate ] Controls ] Performance ] Totalz [from Profile module)

|nlet Conditions Dizcharge Airflow

Pressure
Awg. temperature, °F [actual. nat rated) psig | DAt? acfm | DAt? K

ﬂ 85 W
Atmoz. pressure, psia ﬂ 14.2 Fullload [cut-in “ noao |~ “ 1005 17 I 170 =|

b ax Full flaws [mod begins) W 110.0 FW 1005 F| 1750 |

Unloading Blowdown Time Unload paint [cut-out] M 120.0 ﬁu 406 F| 1385 ;|
For lubricant- injscted Ma load [unloaded) “ 15.0 F“ 0 FI 35.8 =|

ﬂ 40
rokary screws, sec.
Pressures are referenced from the compressor discharge. | Performance Profile...

Performance Points Power
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Compressor Information

B3 Performance Profile Graph X

Performance Profile - 200 hp QNW

Power (% Full Load)
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Create the baseline from the Data

LT DayType Analysis X
System: Not Assigned, Period: Not Assigned
Power (kW)
400
Right click on
300 data points to
select day type.
Left click to
highlight the
200 trace.
100
04 L
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of the Day
Click a date to highlight profile in araph. Plot Day Type ... Remove Day Type... Caution: Day profiles can be similar even though
= = different equipment, e.q., compressors, is operating.
Date Day Day Type IA" Days —I I —I Use Trend Plots to examine the details of equipment
Jan11-2018| Thu | Excluded Days operation before determining whether days should be
assigned to the same daytype.
Jan-12-2018 | Fri | Production - -
. Teate Systen Copy Plot to Copy Profiles to Hel
Jan-13-2018 | Sat | Production T f ClipBoard ClipBoard €p
Jan-14-2018 | S Sund
il HIM] SLncay System DayType Profiles
Jan-15-2018 | Mon | Monday DayTypeName | ChannelName | Hi_01 | Hr 02 | Hi_03 [ Hr 04 [ Hi_05 [ Hr 06 [ Hi 07
Jan-16-2018 [ Tue | Production Monday 200 QNw 0.00 0.00 0.00 0.00] 8455 17588 17713
Jan17-2018 | wed | Product Monday 250 ONW 0.00 0.00 0.00 000, 8380 164.18| 16356
il =] tocuchon Production 200 QNW 17812 178.25) 177.86] 177.11] 17767 178.09] 177.97
Jan-18-2018 | Thu | Production Production 250 QNwW 166.54) 166.81| 167.49| 168.31| 16850, 168.50, 168.40
Jan192018|Fi | Production Sunday 200 QNwW 181.76) 180.51| 179.20| 176.98| 15417 0.00 0.00
Sunday 250 ONwW 165.56) 163.78| 162.43| 161.83| 143.08 0.00 0.00
Jan-20-2018 | Sat | Production
Jan-21-2018 | Sun | Excluded Days
Jan-22-2018 | Mon |Excluded Days
Jan-23-2018 | Tue |Excluded Days < >

Better U.S. DEPARTMENT OF
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Enter LogTool Data Into AIRMaster

System Type

Not Assign¢Power
Not Assign«Power
Not Assign¢Power
Not Assign«Power
Not Assign¢Power
Not Assign«Power

Date Day
Jan-11-201 Thu
Jan-12-201 Fri
Jan-13-201 Sat
Jan-14-201 Sun
Jan-15-201 Mon
Jan-16-201 Tue
Jan-17-201 Wed
Jan-18-201 Thu
Jan-19-201 Fri
Jan-20-201 Sat
Jan-21-201 Sun
Jan-22-201 Mon
Jan-23-201 Tue

Period DayTypeNaChannelName Hr_01 Hr_02 Hr_03 Hr_04 Hr_05 Hr_06 Hr_07 Hr_08 Hr_09 Hr_10 Hr_11 Hr_12 Hr_13 Hr_14 Hr_15 Hr_16 Hr_17 Hr_18 Hr_19 Hr_20 Hr_21 Hr_22 Hr_23 Hr_24

Not AssigniMonday 200 QNW 0.0 0.0 0.0 0.0 84.6 1759 177.1 181.6 182.2 180.8 177.2 177.7 177.0 178.6 178.7
Not AssigniMonday 250 QNW 0.0 0.0 0.0 0.0 838 164.2 163.6 164.5 165.0 166.7 171.6 169.9 168.1 164.9 163.3
Not Assign¢Production 200 QNW 178.1 1783 1779 177.1 177.7 1781 178.0 1779 177.7 178.1 1773 177.2 177.2 168.0 174.9
Not Assign¢Production 250 QNW 166.5 166.8 167.5 168.3 1685 168.5 1684 168.0 168.1 167.1 166.4 166.1 165.0 167.1 165.9

Not Assign¢Sunday 200 QNW 181.8 180.5 179.2 177.0 154.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Not Assign¢Sunday 250 QNW 165.6 163.8 162.4 161.8 143.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Day Type
Excluded Days
Production
Production
Sunday
Monday
Production
Production
Production
Production
Production
Excluded Days
Excluded Days
Excluded Days

176.9 177.0 178.2
163.6 164.8 165.6
175.7 175.8 177.5
164.5 165.2 165.0

178.7 179.6 180.1 179.3
167.1 167.0 166.2 166.9
178.4 179.0 179.1 179.8
165.3 1645 164.2 164.4
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
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Enter LogTool Data Into AIRMaster

B3 System Profiles X

File Calculators Help

fﬂ@] %] ?ﬂ Cloze |

— Select
Facility ﬂ El‘ Systemn pressure
Daytype 'week Day v ¥ P 100.0 -120.0 psig
System WProduction Ed " il control range ’l
Data Entry ﬂ Profile Surmmary \\I Totals |
Cascade Order - click cell to tnggle stage#x"nff' COD}' Prexv Col | Graph

-'l:ll:l hp IJH
w1250 hp QMW 2 2 2 2 2 2 2 2 2 2
| [Mew 250 hp ¥5D [Iff ] ] ] [ff Iff 1] ] ] [ff
v =
[ ﬂ >
Profile data type: |F'cuwer ki j Paste From Ellpboard Cup_lg Prew Caol G[aph

UU hp U” ;
200 hp QMNW ki 166.5] 16E.2| 167.5| 168.3| 1685 1685 1 58.4 168.0] 1681 16
Mew 260 hp WSD ke 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

M
< ﬂ B

U.S. DEPARTMENT OF

it ENERGY




Enter LogTool Data Into AIRMaster

B3 System Profiles X

File Calculators Help

f‘l@ﬂ %‘I?ﬂ Cloze |

—Select
Facility |§ &j" | System pressure
Daptype | Sunday -| =¥ P 100.0 -120.0 pzig
System ’| Praduction j I il control range

D ata Entry H Profile Surmmary \\| Totals \\

Graph

Cazcade Order - click cell to toggle stage# "off

Compressor

200 hp QMW
250 hp OMWw 2 2 2 2 2 2 2 2 2 2
| [Mew 250 hp WSO [fe ] ] ]} ]} [Ife Ife ] ]} ]}
v |
4 | o[
Profile data type: |F'ower b j Paste From Eliphoard ‘I Enp_lg Prev Col I Graph

IIIIhpI_JN -------- ; |
250 hp NW kw 185.5 163.8 152.4 161.5] 1431 0.0 0.0 0.0 0.0
Mew 250 hp WSD ki 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
A ﬂ v [
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Enter LogTool Data Into AIRMaster

B3 System Profiles
File Calculators Help

X

ﬁﬂg‘l %" ?ﬂ Cloze |
— Select ’|
Fedlly = System prezsure ;
1000 -120.0
Sustem ’| Production ﬂ control range | P
D ata Entry H Profile Surmmary ] Totals

Cazcade Order - click cell to toggle stagef off'

Copy Prev Cal ﬂ Graph

Compressar

200 |'|p l_J” Yy
w1250 bp QMW 2 2 2 2 2 2 2 2 2 2
| |Mew 250 hp*SD (]} ]} ] [ft ]} ]} [ff ]} (]} [ff
{4 ﬂ o
Profile data type: IF'Dwer ks ;l Paste From Cllphnard M Cop_lg Prew Col ﬂ [araph

200 hp GNw g1, 'i 82.z] 18
250 hp ONW kW U.D U.U D.D U.U 83.8 1 84.2 1 53.6 164.5| 16500 16
MNew 250 hp Y50 ki 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

4 v
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The Baseline

B3 System Profiles
File Calculators Help

X

ZlH 3|9 _ Close |
— Select
Facility System pressure
Daytype v | ¥SEMP 100.0 - 120.0 psi
System ﬂF’roductiun ;ﬂ I ﬁl control range P
Drata Entry ] Prafile Summary \ﬂ Totals i

— Syztem Summary

Annual Annual
| Energy, kiwh | Eneray Eost
Monday 1.040 1.459 38.4 3488 1.3 349,102 23,564
Wieek Day E.264 1.509 397 3466 R25 2151606 145,233
Sunday 260 1.434 KT 347 4 51.0 86,809 5,860

System Totals
4

Copy To Clipboard |

Tatal demand cost, $ $0

Total operating costs, § | $174.657

# Better
QPlants
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EEM's

B3 Energy Efficiency Measures X
File Calculators Help
| | jﬂ Eﬂ il %ﬂ “E? ﬂ Copy EEM Scenariuﬂ Life Cycle | Results ﬂ Cloze |
;::::: ——— : j EEM Scenario\l leak. reduction and add WSD 3
Data Entry H Savings Summary |
Description Indude Order Rif:gw Daéaeﬁi:ids
DEMAND SIDE Reduce Air Leaks ¥ |1 ~| .| r
Improve End Use Efficiency r D i‘ ﬂ'
Reduce System Air Pressure r m i‘ ﬂ'
SUPPLY SIDE Use Unloading Controls [ m = r
Adjust Cascading Set Points [ m i‘ ﬂ'
Use Automatic Sequencer | m i‘ I
Reduce RBun Time [V m i‘ v
Add Primary Receiver Yolume* r m i‘ I
* tvailable only if air storage capacity wasz entered in the spztem module. izt the systemn module to edit thiz value.
Only lubricant-injected raotan screw compreszors with unloading controls will benefit from adding recerver volume.

Better U.S. DEPARTMENT OF
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EEM's

(59 EEM - Reduce Air Leaks X
File Calculators Help
fﬂ = ﬂ @ﬂ 74 ﬂ Results Close
Facilty | Syster [ Production
Description Reduce Air Leaks Measzure cost, $ 5000
tMeasured data | Airflow, acfm j
— Compreszor Operations To Feed Leaks — Leak Airflow W alues
Airflowe, acfm %Cs
FPeak syztem p————
200 hp QMW ackm i requirement + leaks 1514 338
280 hp OMWw acfm 200 | eaks 200 5.3
Mew 250 hp WSD acfm 0— —
Peak S_',-'Sl'EI'I'I 1314 ME
requirement '
b axirum hourly system airflow, acfm 1514 Feduce leaks b 200 acf m 5
[according to entered profile values) S BiE B2l e acim -
A

# Better
4QPlants
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EEM's

Supztem MF‘roduction

f* Proposed

B3 EEM - Reduce Run Time X
File Calculators Help
& ﬂ Hﬂ %ﬂ 74 ﬂ Results Close
D ata Yiew
Facility i~ Existing

— feazure Dezcrption

Description IFleduc:e Run Time

Measure cost, $| 106700

— Propozed Run Time Data

< ﬂ

# Better
4QPlants

| ; «| A check indicates a compreszor iz avallable or

Daptype J online. Uncheck to force a comoressor off,

200 hp GRS o o _ o o o o o o
200 hp QMW = o _ = o o o o o
Mew 250 hp WSO I v v I v v ¥ ¥ v
Available Airflow, acfm 1627 16827 1827 1827 1627 1527

Required Airflow, acfm 1] ] 1] 1] 2200 1314

U.S. DEPARTMENT OF

ENERGY



EEM's

B3 Energy Efficiency Measures X
File Calculators Help
[ ’I jﬂ = | i ﬂ %ﬂ 74 | Copy EER Scenarinﬂ Life Cycle ’I Feszults | Cloze ’I
EEM Scenarnio| leak reduction and add %SD -
Syztem W Production j “ J
[rata Entry ] Savings Summary d
Energy . Ve - i
Dezcrption Savings, |[o ..o 0 4| Savings, ings, ||Savings, . ||Savings, || Payback.,
o 4 ! ¢ S YEars
Reduce Air Leaks 457,487 3 ;7 . 1 B.000] 30,
Feduce Run Time 484 848 32,727 18.7 £4.9 0f 106,700 32727 3.3
TOTALS 942,335 B3.603 6.4 129.0 0f 111.700f 63608 ﬂ1 8
4 3
Double-click row to view coresponding measure input data Copy To Clipboard
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Bar Graphs

¥ Better
Plants_

B3 EEM Savings Scenario - leak reduction and add VSD

2000 1

1800 1

1600 1

1400 1

1200 1

Airflo,

acfm 1000 -
200 -
BO0 -
400 -

200

EEM Savings Scenario - leak reduction and add VSD
Week Day

Hour

* A Flow [actm:

Compressar |<System: Ll " Power [Kw)
" Capacity [%)

«| Scale
~ | Adjust

0
1 2 3 4 5 B 7 8 910 1 12 13 14 15 16 17 18 13 20 21 22 23 24

Erint

B System Baseline
O After &l Measure

Close
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Bar Graphs

B3 EEM Savings Scenario - leak reduction and add VSD X

EEM Savings Scenario - leak reduction and add ¥SD

Wieek Day
a00 7

B Sustem Baseline
450 1 O After All Measure

400 A
350 A
300 A
FPower,
k' 280
200 |
150
100

50 .

0
1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18 13 20 21 22 23 24

Hour
" &ir Flow [acfm) Erint

«| Scale

* | Adjust
U.S. DEPARTMENT OF

Better —
St ENERGY
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Calculators

(59 SCFM - ACFM Conversion Calculator X
Actual Conditions Standard Conditions
Method
Elewation, ft. {~ ASME + CAGIASO
Preurop
Atmozphenc prezsure, psia 1317 1450 pzia
Ambient temperature, “F 90 B3 °F
Relative burmidity, % Al 0
Hesults
Required airflow | 00 acim o — I 423 =cfm
[Enter: acfm to calculate scfm OF scfm to calculate actm]
Calculate Cloze
e

# Better
4QPlants
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Calculators

B3 Air Storage Capacity Calculator X

Measured Test Conditions

Elesatian, ft, 13000
Atmosphernic prezsure, psia W
Compreszor capacity, acfm [ w0
Full load or cut-in pressure, psig [ 1000
Unload or cut-out pressure, psig [ 1100
Purmp-up time, sec. G
Drain-down time, sec. R

Results

Air storage capacity [receivers +
dhstribution pipo), 13 | 1098

Cloze |

Enerny EHiciency and Renewable Energy

Figwyveu d menwaa ke wias swegy o ey aluadl, ivlslh add aloakidy

(};) WS, Duartart o Eniey

B3 Cycle Time Calculator X
Actual Conditions
Elewation, ft. 000
Atmozphenc prezsure, psia 1317
Compressor capacity, acfm a00
System airflow requirement, acfm 400
Syztem volume, cubic feet 109.0
Full load or cut-in pressure, psig 100.0
Unload or cut-out pressure, pzig 110.0
Reszults
Pump-up time, sec. 50.0
Drain-down time, sec. 12.0
Tatal cycle time, sec. 62.0
Cloze
£

# Better
QPlants
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Performance Profile Graph

Performance Profile - 250 hp QNW

Power (% Full Load)
o
o
|
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Airflow (% Capacity)
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VSD Performance Graph

Performance Profile - New 250 hp VSD

110-
100

Power (% Full Load)
-
o
|

= 1
0 10 20 30 40 50 60 70 80 90 100
Airflow (% Capacity)
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MEASUR Tool

e U.S. DEPARTMENT OF Welcome to the most efficient way to manage and optimize your facilities' systems and equipment.
Energy Efficiency &
Renewable Energy

I \ﬂ

Home Create Assessment
Model a system and explore multiple optimization scenarios

Create an assessment to model your system and find opportunities for efficiency or run calculations from one of our many property and equipment calculators.
Get started with one of the following options.

\V4

Properties & Equipment Calculators
Generate detailed properties and test a variety of adjustments

& All Assessments
£ New Assessment
& Examples
& Reheat Furnace Case Study
b Basic Pump Example

@ General f# Process Cooling

Create Pump Assessment

formerly DOE Pumping System Assessment Tool (PSAT)

f@ Compressed Air f# Process Heating

Q' Fan Example f# Fans f#@ Pumps
& 3 Header Example Create Process Heating Assessment i Lighting @ Steam
& Treasure Hunt Example formerly DOE Process Heating Assessment and Survey
f# Motors f@ Waste Water

Tool (PHAST)
Data Exploration

All Calculators
General
Compressed Air
Fans

Lighting

Motors

Process Cooling
Process Heating
Pumps

Steam

Waste Water

formerly DOE Fan System Assessment Tool (FSAT)

Create Fan Assessment

Inventory Management
Create and manage equipment inventory.

Create Steam Assessment
formerly DOE Steam System Modeler Tool (SSMT)

Create Motor Inventory
based on DOE's MotorMaster+ tool

Create Treasure Hunt
Energy efficiency calculators for facilitating a Treasure

Settings

Custom Materials
Tutorials

About

Feedback
Acknowledgments
Q@ Translate

v0.9.2-beta @

Hunt

Create Data Exploration
based on DOE's LogTool

Create Waste Water Assessment
Based on the Bio-Tiger Model for Wastewater Treatment
Plants

2 View All Your Assessments

RTMENT OF

ENERGY

Better
Plants
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MEASUR Tool

Compressed Air Calculators

Compressed Air Reduction
This calculator is used to quantify the energy savings associated with reducing compressed air usage
el
Compressed Air Pressure Reduction
This calculator is used to quantify the energy savings associated with reducing compressed air system pressure.
el
SCFM Actual to Standard Airflow
t ‘ The calculator converts ACFM (Actual cubic feet per minute) to SCFM (Standard cubic feet per minute) and vice versa for the given
ACFM conditions using either ASME standard conditions or CAGI/ISO standard conditions.

Qljhxﬁ Leak Loss Estimator - Bag Method
Q Estimates the leakage losses in a compressed air system using the bag method
———

Pneumatic Air Requirement
Estimate the quantity of air required by a specific single acting or a double acting piston cylinder compressor

Compressed Air - Leak Survey
Used to quantify the energy savings associated with reducing compressed air leaks.

Better U.S. DEPARTMENT OF
4Plants ENERGY




MEASUR Tool

- [f Receiver Tank Sizing
Cia Calculate the required size of the receiver tank
Y
- [ Usable Air Capacity
C Estimate the quantity of compressed air that is available for use
L

Pipe Sizing
Determine pipe diameter when the volumetric flow velocity, pressure, and design velocity are known

3 Velocity in the Piping
7 Estimate the velocity of compressed air throughout system piping
—
%]“I " System Capacity
sl e Determine total capacity of compressed air system or specific pipes and receiver tanks
——_
\, Operation Costs
Better \, Estimate the cost of operation of the compressor in both fully and partially loaded instances U.S. DEPARTMENT OF
S ENERGY




) MEASUR

Welcome to the most efficient way to manage and optimize your facilities' systems and equipment.

Create an assessment to model your system and find opportunities for efficiency or run calculations from one of our many property and equipment calculators.
Get started with one of the following options.
If you need help at any point along the way, click on a & User Manual icon.

-—

View Assessments Equipment Calculators

& o | B &8 =

Pump Compressed Air Process Heating Fan Steam Treasure Wastewater
Assessment Assessment Assessment Assessment Assessment Hunt Assessment

B -

Motor Data
Inventory Exploration

U.S. DEPARTMENT OF Energy Eﬂ-‘iciency &

ENERGY Renewable Energy

Let's go live to see
how the MEASUR
Tool works
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Next Week Session 4 — Air Treatment

= Compressed air must be dried. This is an undeniable statement of

fact.

= Today's modern industry can no longer tolerate the problems of wet, dirty
compressed air.

= Wet air causes rust, pitting, blockages, and freeze-ups, with resultant component
failure and product rejection.

= Wet air is a major contributor of downtime, causing millions of dollars of lost
production.

AAAAAAAAAAAAAAA
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