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Presenter Notes
Presentation Notes
Thank you for your homework assignments


Homework Questions

= | et's quickly address some of the Homework responses
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Homework Questions

= What's the compression ratio of the single stage compressor
below?
= 13.5 psia inlet pressure
= 113.5 psia discharge pressure

= assuming 1 atm=13.5 psia, that would be 0 psig inlet and 100
psig discharge
113.5

—— = 8.4 Ratios
13.5
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Homework Questions

= Dust wearing inlet modulation valve

* Leaks

= Cold Weather freezing condensate lines

= Compressor loading and unloading frequently

= No wet tank

* Loud screech at 90 to 95% load

= Water in the lines during different times of the year

» |osing oil and | think it's mixing with water on the oil/water
separator
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Homework Questions

= Compressor room is too warm. Poorly ventilated.

= No bypass piping at filter housing. Causes us to shutdown system
to change filters.

= Optimizing compressed air energy use (main compressor in use
with two backup compressors)

= Pressure drops at point of use

= Compressor left running during non-operating times
» Potentially oversized receiver tank

= Humidity, loss of pressure, contamination (oil)
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Homework Questions

= High inlet temperature — Usually on cooling of oil or cooling of
iInterstage/discharge coolers

= Water in the system — What solenoids activated systems are
people using at compressors, receivers and dryers?

= Dirt/clogged coolers — What options of cleaning solutions other
companies utilizing?

= Motor overload
= Note: Air-cooled screw compressors are used

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
Class A – 105C -221F
Class B – 130C – 266F  most common in US
Class F – 155C – 311F used internation and 50 cycle motors
Class H – 180C – 356F

A "temperature rise" on a motor nameplate refers to the maximum allowable increase in temperature of the motor's windings above the ambient temperature when operating at full load, essentially indicating how much hotter the motor can get before reaching its operational limit; this information is usually listed alongside the motor's insulation class on the nameplate. 


Homework Questions

= Dryer desiccant power looks like crushed in powered form, which might
not be fully drying the air

= There is a continuous hissing sound of our Dryer, so we are not sure of
the dryer if it is cycling properly or not.

= We are not sure how much flow each compressor is putting out? One
compressor has a rating of 1468 CFM @ 125 PSI and another has
1572 ACFM. But we have put on a flowmeter after dryer which displays
close to 1550 CFM. So, we are not sure if our compressors even
putting out what they are supposed to? Should we pout flowmeters at
discharge of each compressor?
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Homework Questions

i After-Filter in Bypass

100 hp Oil Free Rotary Screw
Rated 447 acfm @ 125 psig

1040
Gallon

3inch Cu

y

= >

Flow Meter

%T?

500
Gallon

Flow Meter

100 hp Oil Free Rotary Screw
Rated 411 acfm @ 130 psig

Heatless Desiccant Dryers
Rated for 500 SCFM each
Purge rate 15% each or 150

E X SCFM combined
2inch

Timed Drain

200 hp Oil Free Rotary Screw
Rated 843 acfm @ 125 psig
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Homework Questions

= Condensate traps are insufficient, especially in those shops where
centralized package units have been installed.

* The Pressure Drop at dryer end is greater than 6~8 psi probably
due to inadequate reduction in dryer inlet and outlet.

= Auto Drain Trap on Wet Receiver gets blocked frequently.
» Line distribution losses are very high throughout the facility.

= We are using black iron piping for our air system which can
develop a lot rust overtime.
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Homework Questions

= All condensate traps on dry receivers and
moisture separators are bypassed (every
single one). This leads to wasted
compressed air blowing to atmosphere
with condensed water.

= When | ask operations why the traps are

__-
bypassed, they tell me: “They don’t work.

If we don’t bypass them, water level builds
gg '"2ps that “don’t work” up in the separator and receiver then we
get wet air or we trip an interlock on high

water level.” The irony is over decades we

have added compressed air users, but we
Wasted air have not added one molecule of
compressed air capacity. So we don’t

have air to waste. Yet we waste it.
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Homework Questions
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Load/No-load Control Curve

Average kW vs Average Capacity with Load/Unload Capacity Control

=1 gal/cfm e=lll=3 gal/cfm e=fe=5 gal/cfm «=@=10 gal/cfm e=i¢=Oil Free Rotary

120

= This graph shows
SEEEEREDS the effect of

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

[ load/unload

. controls
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Presenter Notes
Presentation Notes
Note:  3 to 5 gallons per cfm Based upon 40 seconds for sump to bleed down to fully unloaded pressure and for compressor to be fully unloaded. Also, 3 seconds for sump to be re-pressurized when compressor goes on load


Rotary Screw
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Presenter Notes
Presentation Notes
A mixture of compressed air and lubricant travel from the air end and pass into a sump/separator where most of the lubricant is removed from the compressed air.  Directional and velocity changes are used to separate most of the liquid. The compressed air then passes through a coalescing type filter/separator, which further separates remaining aerosols, so the discharged compressed air contains only a few parts per million of lubricant. This is what determines the quality of the compressed air delivered into the system. 



Moisture Content during a 40 HOUR WEEK

100 scfm
—

100 psig
wﬁ 240,000 scf each 40 hours

’::r'ﬁ

= Typical 25 hp compressor produces about 100 SCFM (Standard Cubic
Feet Per Minute) at 100 psig.

= During a 40-hour week the compressor would discharge approximately
240,000 SCF into the plant piping system.

= 100 standard cubic feet/min x 60 minutes x 40 hours = 240,000 scf
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Presenter Notes
Presentation Notes
An aftercooler, removes a significant proportion of the water vapor (75%) from the air through the principle of condensation. When leaving the aftercooler, the air is still 100% saturated with water vapor - any further cooling of the air will result in condensation.


The Aftercooler Must Work! T

102 psi (o)

80 “F
Air Usage 100 cfm
Water Remaining in Compressed Air Comparison of Drying Methods
Imperial Units No Treatment
- : Gallons  Gallons 20,000.00 - 0 Treatme
Drying Method Dewpoint Week ANDUM
] Load Factor
No Treatment 127°F 76.4 3975.0 18,000.00
o Weekly Hours
After Cooler 98°F 326 1693.0 _ 16,000.00 -
Deliguescent B87°F 23.7 1232.8 = Weeks Per Annum
Refrigerant 3 14,000.00 - (Helative Humidity
[
Desiccant @
E‘ 12,000.00
Metric Units S
Drying Method C thgnainls After Cooler
No Treatment g 8,000.00 - Deliquescent
After Cooler E
Deliguescent % 5,000.00 1
. =
Refrigerant
_ 4,000.00 4 Refrigerant
Desiccant
2,000.00 1 Desiccant
0.00 -
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Presenter Notes
Presentation Notes
50% RH  32.6 gallons/week vapor remaining in the air leaving the aftercooler


The Aftercooler Must Work! T

102 psi (o)
80 “F
Air Usage 100 cfm

R . Comparison of Drying Methods
Water Remaining in Compressed Air No Treatment P rving
Imperial Units 35,000.00 -
. . Gallons Gallons
D Method Dewpoint
Ll - Week Annum
No Treatment 154°F 145.2 7552.5 30,000.00 - Load Factor
After Cooler 98°F 326 1693.0 .-;-: Weekly Hours
Deliguescent 87°F 237 1232.8 B 25000.00 Weeks Pe
Refrigerant E
=N
£ 20,000.00 -
[
Metric Units E
Drying Method Dewpoint E 15,000.00 1
=
[=]
No Treatment o
5 After Cooler
After Cooler ; 10,000.00 - Deliquescent
Deliquescent
Refrigerant 5,000.00 - WP E
Desiccant
0.00 -
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Presenter Notes
Presentation Notes
95% RH  still has 32.6 gallons/week vapor remaining in the air leaving the aftercooler



Moisture Content

[ =]
70°F ambient or
80°F, 100% saturated wet tank at 70°F
'—
100 psig

':.?.-'J'

= Assume at the aftercooler outlet, the air is 80°F and saturated.
= Each scf contains 1.42 grains of moisture vapor at 80°F.
* The air surrounding the airlines is 70°F.

= |s this 10°F reduction in temperature enough to cause
appreciable condensation ??
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O
MOISTURE CONTENT

= At 80°F there is 1.42 grains per standard cubic foot.

= At 70°F a standard cubic foot of free air will still hold 1.03 grains of
moisture vapor at 100% relative humidity.

= Making a difference of .39 grains per cubic foot.
= Multiply this by 240,000 standard cubic feet/week.

EQUALS 93,600 GRAINS OF MOISTURE CONDENSING IN

ONE WEEK BECAUSE OF A 10 DEGREE REDUCTION IN
TEMPERATURE!!

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
An aftercooler, removes a significant proportion of the water vapor (75%) from the air through the principle of condensation. When leaving the aftercooler, the air is still 100% saturated with water vapor - any further cooling of the air will result in condensation.


MOISTURE CONTENT

= 7000 grains of water equals one pound or one pint
= 93,600 divided by 7000 equals 13.4 pounds or 13 pints

Just a 10° F drop in temperature will allow 13 pints (1.625

gallons) of water to condense into the piping system in 40
hours!

Even with this amount of water removed, the RH is still

100% and the dew point down stream of the aftercooler is
now 70° F
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Is the Separator and Trap Even Working?
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Is the Separator and Trap Even Working?
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Week 2

Quick Review on Flowmeters

ENERGY



Types of Meters - Comparisons

N W
i —

DP — Clamp
Orifice
plate

Thermal Vortex

Mass flow
Meter run

Pressure loss

Dirty air

Wet Air

Range

Accuracy

Purchase price
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Maintenance

Yes
20D

Low

Fouling

Spikes

1:250
2%

Medium

Optional
15D

Medium/hig
h

OK

OK, spikes

Optional
15D
high

Clogging

OK

1:10

2%
$

Medium

Turbine/
DP — - on
: Coriolis rotary
Insertion : ultrason
displacement i
Optional Yes Optional Optional
20D 0D 10D 20D
Low Low Low Low
Fouling/Clog Internal Faillure OK
fouling
OK, Yes, but Faillure Spikes
orientation affects
reading
1:10 1:100 1:100 1:100
2% 0.5..1% 0.5...1% 1%
$S $359 $ 589
Medium Low High Low Eﬁ“E““'REEFY


Presenter Notes
Presentation Notes
Amusing Facts:
A Venturi meter constricts the flow in some fashion, and pressure sensors measure the differential pressure before and within the constriction. This method is widely used to measure flow rate in the transmission of gas through pipelines, and has been used since Roman Empire times. The coefficient of discharge of Venturi meter ranges from 0.93 to 0.97. The first large-scale Venturi meters to measure liquid flows were developed by Clemens Herschel, who used them to measure small and large flows of water and wastewater beginning at the very end of the 19th century.[7]



Orifice Plate Flow Meters

Differential
These meters are another pressure

] instrument
carry over from fluid 1

engineering.
They operate on the physics e “

of a pressure drop being

created as a medium flows - Mt
through an orifice. — R
The prOblem W|th these —; iVena contracta

meters is just that; they,

themselves are a pressure »

drop. Direction of flow

EEEEEEEEEEEE
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Differential Pressure Technology

= Speed of air creates
differential pressure

signal over the positive

and negative port. rockna e —__ iy

* Low speeds do not

generate a stable Dif.

DP Flow Meter

Transmitter housing

- Absolute pressure sensor

- Differential pressure sensor

Temperature sensor

Pressure.
Dynamic pressure port Dynamic pressure port
Positive side Negative side
Better U.S. DEPARTMENT OF
QPlants_ ENERGY




Differential Pressure Technology

= Unique sensitivity in the lower
measuring range: Measures
from as little as 2 m/s and thus
covers the complete operating
range of variable speed drive
(VSD) compressors

. ParthU|ar|y Surtable for dynamic pressure —> | <«— static pressure
+

eXtreme|y h|gh ﬂOW rateS ' static pressure

= Flow, total consumption,
temperature and pressure

= Measurement at high
temperatures, max. temperature
180°C (356°F)

= [|nstallation via 1/2" ball valve
under pressure.

Total pressure

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
The integrated, precise differential pressure sensor measures the differential pressure/ dynamic pressure at the sensor tip. The pressure depends on the respective gas velocity. The flow is therefore easy to determine by means of the pipe diameter.
The additional measurement of temperature and absolute pressure and calculation of the relevant density means that measuring can be carried out for various gases, a wide variety of temperatures and pressures.



Min and Max Flow per Pipe Size

= DP flow meters have a min and max flow range. Below the minimum range the flow
meter will read flaky or no flow, we call this the dead zone, 0 to 20 m/sec (0 to 65 ft/sec).

= |n different pipe sizes this dead zone will have a different Q min, see the tables below.

Schedule 40 Standard Seamless Carbon Steel Pipe Schedule 10 Standard Seamless Carbon Steel Pipe

Size (inch) DN ID (inch) | ID (mm) N;::;::}w N;z:f{:' rjw '}’;’}n’:’:::;’ !}4'3;‘5:: ID (inch) | ID (mm) N;:;}f::}w N}::f{:] o)w ?:;25:;' T;fj::;
2 50 21 | 525 92 917 156 | 1559 | | 22 | 548 100 999 170 1697
3 80 | 31 779 | 202 2021 | 343 | 3434 | | 33 | 88 228 | 2282 | 388 3877
4 100 40 | 1023 | 348 3481 591 5913 43 | 1082 390 3897 662 6621
6 150 | 61 1541 | 790 7899 | 1342 | 13420 | 64 | 161,5 88 8678 1474 14743
8 200 | 80 | 202,7 1368 13678 | 2324 23238 | 83 | 2116 1490 14897 | 2531 25309
10 250 10,2 | 2591 2234 22341 | 3796 | 37957 | 10,4 2647 2332 | 23316 = 3961 39612
12 300 11,9 | 3032 3060 30604 5199 | 51994 || 12,4 | 3147 3296 | 32965 5601 56006
16 400 150  381,0 4832 48316 8209 82087 = | 156 @ 3968 5242 52420 8906 89058
20 500 18,8 | 4778 | 7599 75994 12911 | 129110 | 19,6 4969 8219 82191 = 13964 139638

U.S. DEPARTMENT OF
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Flow Meter Location

Better
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large to small (gradual
change, between 7 and
15 degrees)

‘ Single elbow J0*D 10 * D1 Distorted flow profile
Complex feed-in situation |40 * D1 10 * D1 Flow profile will be
?: theader) distorted

Double elbow, multiple |40 * D1 10 * D1 Distorted profile +
elbows following each swirl
other
Diameter change from 40* D1 5*D1 Jet shaped flow

— small to large (gradual or

T |

Diameter change from 10*D1 5*D1 Flattened flow profile

—

U.S. DEPARTMENT OF
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Presenter Notes
Presentation Notes
In some cases, there is just not enough pipe to accommodate the minimum straight pipe requirement. In this case, you should use the 2/3 rule. Install the flowmeter with 2/3 of the pipe upstream of the meter and 1/3 of the pipe downstream of the meter. 



DP Insertion Flow Meters

= |nsertion style Differential
Pressure meter for saturated
compressed air flow
measurements.

= Adifferential pressure flow
sensor measures bi-
directional flow, pressure,
temperature and total flow
simultaneously.

= They are intended for use in
high velocity applications
where there is a continuous
flow over a minimum value,
such as compressor
efficiency monitoring.

29

Supply side

- Wet air
- High velocity

=

DP Meter

r

[1

TM Meter

r

——
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Presenter Notes
Presentation Notes
In some cases, there is just not enough pipe to accommodate the minimum straight pipe requirement. In this case, you should use the 2/3 rule. Install the flowmeter with 2/3 of the pipe upstream of the meter and 1/3 of the pipe downstream of the meter. 


()
Session 3

Compressor Controls

ENERGY


Presenter Notes
Presentation Notes
discuss different types of compressor capacity controls and how to efficiently match supply to demand.  Positive Displacement and Dynamic controls. Review the pros and cons of pressure flow control valves.  Demonstrate the CAS assessment module within DOE compressed air software tool.



O
Compressor Control Types

= Start/Stop

= | oad/Unload

= Modulating

» Variable Displacement
= Variable Speed

Better U.S. DEPARTMENT OF
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Presenter Notes
Presentation Notes
Load/Unload
Pros: 
motor and compressor run continuously reducing wear tighter range of pressure control
Cons:
improperly applied can cause short cycling which causes premature wear and failure 

Modulating
Pros: 
motor and compressor run continuously reducing wear tighter range of pressure control
steadily progressive capacity control to match demand
Cons:
inefficient at lower loads (flooded screw limited to 40-60% capacity,  centrifugal units limited by potential surge and can require discharge blowoff
pressure ratios increase as inlet is throttled 



Performance Curves

Various Compressor Control Performance Curves

100

90

80 /
70—

60 /
50 o
/ / =+=SUCTION THROTTLING NO
40 5 BLOWDOWN % FULL LOAD kW
~8=SUCTION THROTTLING SUMP
0 BLOWDOWN % FULL LOAD kW
/ i ~#=SPIRAL/TURN VALVE % FULL LOAD
KW
2

Per cent kW Input Power

7 =0==\/ARIABLE SPEED COMPRESSOR %
FULL LOAD kW

10 /J ~0=IDEAL COMPRESSOR % FULL LOAD
kW
| | |

10 20 30 40 50 60 70 80 90 100

o
o}

Per cent Capacity (Flow Out) U.S. DEPARTMENT OF
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Basic Compressor Design (Air Inlet Controls)

Air Inlet Controls / Regulation Types “their differences”

Part Load Performance of Various Regulation Types

Modulation Rotor Length Full Load / VSD
Control Adjustment No Load
% Capacity % Bhp % Bhp % Bhp % Input kW
100 100 100 100 100
90 97 93 92.5 90
80 94 85 85 80
70 91 78 77.5 70
60 88 72 70 61
50 85 67 62.5 53
_________________ 9 .8 64 8 45
30 79 55 47.5 35
20 76 45 40 26
10 73 35 32.5 --
0 70 25 25 --

EEEEEEEEEEEE
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Sheet1

		

				Part Load Performance of Various Regulation Types

								Modulation				Rotor Length				Full Load /				VSD

								Control				Adjustment				No Load

				% Capacity				% Bhp				% Bhp				% Bhp				% Input kW

				100				100				100				100				100

				90				97				93				92.5				90

				80				94				85				85				80

				70				91				78				77.5				70

				60				88				72				70				61

				50				85				67				62.5				53

				40				82				64				55				43.5

				30				79				55				47.5				35

				20				76				45				40				26

				10				73				35				32.5				--

				0				70				25				25				--
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Inlet Throttling

ﬂ- T s o

65% Capacity

Throttied Inlet Contro
100 psig Discharge O

114.7 psia
Discharge
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AIR LEAKAGE

Female
Rotor L R
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Stator
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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 U.S. DEPARTMENT OF
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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
/0% of full load power

FMBetter e o
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Inlet Valve Modulation

= The example shows a

-  Inlet Valve Modulation - No — | discharge pressure range of
90 low down —— 100 - 110 psig.
n%_ 80 //"‘:'7‘ = As discharge pressure rises
s 0= L2 from 100 to 110 psig, a
2 id proportional pressure regulator
§ o s g provides a control pressure
; . L’ from 0 - 30 psig, to
9 L7 \ progressively close the inlet
E L7 Inlet Valve Modulation — With Blow down valve.

20 = As the inlet valve closes, the

10 absolute pressure at the inlet of

0 the air end is reduced.
0 10 20 30 40 50 60 70 80 90 100
Per cent Capacity
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Presenter Notes
Presentation Notes
Many lubricant injected rotary screw compressors are equipped with
capacity control by inlet valve modulation designed to match the output
from the air compressor with the demand from the points of use.


Inlet Valve Modulation

100

Per cent kW Input Power

90

Inlet Va

ve Modulation - No

80

low d

i

70 4—

60

50

40

30

\

20

Valve Modulation —

With B

low down

10

10

20 3

0 40

50 60 7
Per cent Capacity

0 8

0

90

100

This reduces the mass flow of
air entering the air end in direct
proportion to the absolute
pressure.

However, the reduced inlet
pressure, with increasing
discharge pressure, results in
Increasing pressure ratio.

At 40% capacity the pressure
ratio will be 124.7/5.88 = 21.21.

This is why there is not much
reduction in the power
requirement.

¥ Better
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Presenter Notes
Presentation Notes
Many lubricant injected rotary screw compressors are equipped with
capacity control by inlet valve modulation designed to match the output
from the air compressor with the demand from the points of use.


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

Better U.S. DEPARTMENT OF
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Variable Displacement

L

14.7 psia
—~Inlet]7.8:1 Compression Ratio

I Turn-Valve

Turn-Valve Control _] {/ L

65% Capacity 114.7 psia
100 psig Discharge Djscharge

¥ Better
QPlants
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Variable Displacement

100 /-
O

90 I —_
80 ~

70 /

60 .

50 » 5

40 L e

20

10

Per cent kW Input Power

0 10 20 30 40 50 60 70 80 90 100
Per cent Capacity
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Presenter Notes
Presentation Notes
The graph, Lubricant Injected Rotary Compressor Performance with
Variable Displacement), shows variable displacement capacity reduction
to 50% capacity followed by throttling to 40% capacity and unloading at
that point.


Variable Displacement

Better U.S. DEPARTMENT OF
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Variable Displacement

Original Version — UP TO 55% TURN DOWN

R\



Variable Displacement

EEEEEEEEEEEE
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Variable Displacement

inlet
14.7 psia

7.8:1 Compression Ratio

discharge
114.7 psia

L

Turn Valve
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Load/No-load Control Curve

Average kW vs Average Capacity with Load/Unload Capacity Control

=1 gal/cfm e=lll=3 gal/cfm e=fe=5 gal/cfm «=@=10 gal/cfm e=i¢=Oil Free Rotary

120

= This graph shows
SEEEEREDS the effect of

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

[ load/unload

. controls
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Presenter Notes
Presentation Notes
Note:  Based upon 40 seconds for sump to bleed down to fully unloaded pressure and for compressor to be fully unloaded. Also, 3 seconds for sump to be re-pressurized when compressor goes on load


Load/Unload and Storage Size

= |tis 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.

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

EEEEEEEEEEEE
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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

EEEEEEEEEEEE
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Capacity Control by Load/No-Load

Active Power consumption evolution from L to NL

100
120
4
160
180
200 +
220
240
260

seconds
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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.

= 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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Losses — VSD vs Fixed Speed

F
$
8 . Fixed Speed Total Losses due
- to the small bell curve range

y Less Total Losses with a
L] rotor designed for VSD
Speed
Ve >
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Presenter Notes
Presentation Notes
A field conversion of an existing fixed speed compressor to a variable speed drive is not used much anymore, due to today’s technology and most manufacturers now offering packaged VSD compressors.  However; if it is necessary, one must consider the following:

The VSD emits additional heat that the existing packaged coolers aren’t designed to handle, causing overheating shutdowns.  Motors on fixed speed machines may have to be oversized 10-20% just to overcome motor startup torque. 

Fixed speed rotors are machined to be most efficient at a single optimal rpm point (optimal tip speed).  When a frequency drive is added to the package, and the rotor tips operate along a wider range of speeds, the compressor operates at less efficient points.  The specific power (kW per 100 cfm) is very poor when the fixed speed airend rotates at speeds much lower or much higher than it’s design specifications.  


Losses — VSD vs Fixed Speed

A D = Dynamic Losses
V = Volumetric Losses
T p T = Total Losses

Losses

20-30 m/sec 70-90 m/sec Tip Speed
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Presenter Notes
Presentation Notes
Volumetric losses in a rotary screw air compressor are air losses that occur at low speeds during compression
Dynamic losses in a rotary screw air compressor are air losses that occur at higher speeds during compression



Variable Speed Compressors

* In 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
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Variable Speed Compressors and Control Gap

This system can provide a steady operating pressure throughout the flow range of the
system as long as the system is properly controlled with a master controller.

Demand=1,225¢cim
Baseload1= 497cfm

Baseload2= 497cfm 150 hp VSD rated 150-735 cfm

1,48 VSDload= 231cfm
£ (VSD speed slows) Control Range = 585 cfm
-4
E (7 1) S ——— Vautabia 100 hp Fixed Speed rated 497 cfm
s Speedload
O 994
g The VSDis able to
g aal o —————— 150 hp 100 hp . slowdown and speed
= Variable | Baseload1 up tomatch all the
S Speedload compressors output
497) | capacityto the existing
demand capacities
150 hp 100hp 100 hp { without control gaps.
Variable | Baseload1 | Baseload2
Speedload
2

Time ENERGY


Presenter Notes
Presentation Notes
The control range of the variable speed compressor is critical to avoiding a control gap. When one or more fixed speed compressor is sized within the variable speed compressor’s control range, the control gap can be avoided. Figure 5 shows an example system with 150 hp variable speed drive compressor and multiple 100 hp fixed speed compressors. The maximum flow of the 150 hp variable speed compressor is 735 cfm-fad at 110 psig and the minimum speed is 150 cfm-fad, therefore the control range of the variable speed compressor is 585 cfm-fad at 110 psig. The two fixed speed compressors are both rated for 497 cfm-fad at 110 psig and therefore fit within the control range of the variable speed compressor. As can be seen in Figure 5, the system can provide a steady operating pressure throughout the flow range of the system as long as the system is properly controlled with a master controller.


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

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

26%

20%

15%

Frequency

10%

5%

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050
Flow in SCFM




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

Total Cold Mill Flow

Mean=11019, Standard Deviation=2290.25, Skewness=-0.158592

40%

35%

30%

25%

20%

Frequency

15%

10%

5%
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Control Gap and Position

» |n 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 4\

compressor 1 compressor 2 compressor 3
VSD VISD Direct Stop

P unload

I > 3psi| | VSD setpoint

P load

N Pload /A _ AN AN J
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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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Presenter Notes
Presentation Notes
The inlet can be throttled on a dynamic compressor to continuously reduce the capacity of the compressor. 
The minimum flow is determined when the pressure ratio reaches the pump limit, and the machine reaches maximum pressure. 
The regulation range, or turndown, is determined by the design of the machine.


Centrifugal Compressor Control

Centrifugal compressor, "seal air" refers to
a pressurized air supply used to maintain a
seal between the rotating shaft and the
compressor casing, preventing the process
gas from escaping into the atmosphere;

It's a pressurized air barrier that helps keep
the high-pressure gas contained within the

compressor by creating a positive pressure
against the rotating shaft seals.

No, not all centrifugal compressors require
seal air, but some do use dry gas seals that
require seal gas.

Some use wet seals, which use oil, or dry
seals, which use a mechanical barrier. Dry
gas seals require seal gas to operate

Pinion Gear Impeller

Qil-film Bearing Thrust Collar

Bull Gear
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Presenter Notes
Presentation Notes
Dry gas seals are a type of mechanical seal used in centrifugal compressors to prevent the leakage of process gases from the compressor's internal chamber to the external environment.

 - Unlike traditional oil-lubricated seals, dry gas seals do not rely on a liquid lubricant, making them suitable for applications where process gases are toxic, flammable, or harmful to the environment.   

- Dry gas seals consist of two primary sealing surfaces: the stationary seal and the rotating seal.
 - The stationary seal is mounted on the compressor housing, while the rotating seal is attached to the compressor shaft.  
- When the compressor operates, the rotating seal rotates with the shaft, maintaining a small gap between the two sealing surfaces.

 - A barrier gas, often clean and dry process gas, is introduced between these sealing surfaces, creating a gas cushion that prevents the escape of process gases.  
- Superior Leak Prevention: Dry gas seals provide a higher level of gas containment compared to traditional oil seals, reducing the risk of gas leakage into the environment.


% Discharge Pressure

Surge limit

Control line

% Flowy

By-pass

Turn-down

range
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Building the Profile

300 HP
Centrifugal

1206 Scfm, 302 BHP

1224 Scfm, 305 BHP

1241 Scfm, 307 BHP
L T e :
1258 Scfm, 310 BHP

1275 Scfm, 312 BHP
LT A :

Set Point 1294.Scfm, 314 BHP

g s Throttle Line Scf Unload
A 1304 Scfm, 315 BHP nloa
g 110 s S B i s A LR A= L - 215:BH 55 BHP T -1304/2049
o 1310 Scfm, 315 BHP l
100 gy g 1324 Scfm;, 316 BHP 204 BHF - 55 BHP ™~ 132412069

1329 IScfm, 316 BHP Load

T B :

875 Scfm 1294 Scfm © 1343 Scfm, 317 BHP

80
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Presenter Notes
Presentation Notes
This chart is constructed using the setpoint readings obtained for the initial measurements. For the lubricant-free rotary screw compressor, it is a simple task to find the load and unload pressure set points and plot them as shown. For the centrifugal compressor, the curve shown must be measured through flow readings or interpolated from manufacturer’s data.  Turndown is from 1294 to 875 which is 419.  divide that by 1294 to get percent or about 32% turndown.









Centrifugal Compressor Control Common Terms

Pressure Line Naturial Surge Line == Requested Flow Pressure Rise to Surge
160 :
1404 --f-------omom e dmmcnsnnaes _ _
_ 5 v Design Point Flow
= | . :
g 'l : |
2 Ll | |
4 3 T N Stonewall (choke)
a 1 : :
& | | |
= ;| ' |
ﬁ . I- ----------------------------------------------------
@ r Turn Down
(o] Ol
I, R R SRR
I
40 '. T 1
2000 2500 3000 3500 4000

Delivered flow, scfm
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How do | know how to size Centrifugal to my flow

Patterns?
Surge line
A i St
0 o I
a .~ Centrifugal 1 }\Centrifugal 2
100 psig A+ \\ 4
&l I R "
i I < :\
- .
30%
- .
; : l |
; ! ; >
1000 2800 4000 5000 5600 8000 CEM 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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Presenter Notes
Presentation Notes
Two 4000 cfm centrifugals with a 30% turndown to 2800 cfm


How do | know how to size Centrifugal to my flow

Patterns?
Surge line
A i St
.Eﬂ ...t* o T~ *
4 ~_Centrifugal 1 }%&ntrifugal 2
100 psig A+ \\ 4
&l I R "
i I < :\
e .
30%
- .
; : l |
; ! ; >
1000 2800 4000 5000 5600 8000 CEM 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.

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
Two 4000 cfm centrifugals with a 30% turndown to 2800 cfm



How do | know how to size Centrifugal to my flow

Patterns?
‘Surgelh1e
a .~ Centrifugal 1 }\Centrifugal 2
100 psig o I

30%

I

-
L]
-
*
e ——————. Y

fmmmmmm=>

>
1000 2800 4000 5000 5600 8000 CFM 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.

If flow drops below min flow of the centrifugal, a rotary screw can be added to assist with keeping the plant
operating and allowing the centrifugal to stay out of blow down,

¥ Better
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Presenter Notes
Presentation Notes
Adding a central master controller will further provide more control over the operation of each compressor and a master controller will make sure that each compressor is running at its most efficient zone. 


Centrifugal vs VSD Turndown

reduced capacity
In summer

AT 68°F

In summer _
AT 95°]

Better
4 Plants

FAD
75 100 flow 9%
" 1510 35%

turndown

at 20°C :
- : ' 500 VSD
30% 100%
750 c¢fm 2615 cfm

\_____\’____-1

/0% turndown independent of
weather conditions
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Presenter Notes
Presentation Notes
Adding a central master controller will further provide more control over the operation of each compressor and a master controller will make sure that each compressor is running at its most efficient zone. 





Inlet Guide Vanes - Open
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Presenter Notes
Presentation Notes
Inlet butterfly valve (IBV): The inlet butterfly valve may be driven electronically or pneumatically, and as it closes it creates a pressure drop across the valve, effectively reducing the inlet pressure into the compressor and throttling the compressor's ability to make pressure and subsequently flow.

Inlet Guide Vanes or (IGVs): The inlet guide vanes may also be driven electronically or pneumatically and are a series of radial blades arranged in the intake. These vanes, in the wide-open position, are parallel to the airflow, and at fully closed are at 90 degrees to airflow. As the guide vanes are rotated from full open to partially closed, they cause the drawn-in gas to rotate in the same direction as the impeller. 


Inlet Guide Vanes - Closed



Presenter Notes
Presentation Notes
Inlet butterfly valve (IBV): The inlet butterfly valve may be driven electronically or pneumatically, and as it closes it creates a pressure drop across the valve, effectively reducing the inlet pressure into the compressor and throttling the compressor's ability to make pressure and subsequently flow.

Inlet Guide Vanes or (IGVs): The inlet guide vanes may also be driven electronically or pneumatically and are a series of radial blades arranged in the intake. These vanes, in the wide-open position, are parallel to the airflow, and at fully closed are at 90 degrees to airflow. As the guide vanes are rotated from full open to partially closed, they cause the drawn-in gas to rotate in the same direction as the impeller. 



Centrifugal Compressor Control

The relationship of flow and pressure
for dynamic compressors is different /
from that of positive displacement
machines. 1| CENTRIFUGAL
% COMPRESSOR
7).
7
L]
14 /
o
POSITIVE
DISPLACEMENT
COMPRESSOR
CAPACITY
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Presenter Notes
Presentation Notes
With a positive displacement compressor, the only loss as you climb in pressure is volumetric efficiency.  Very minimal


Effects on dynamic compressor performance

" |nlet pressure
= |nlet air temperature
= Cooling water temperature
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INLET TEMPERATURE CHANGE - EFFECT ON AIR OUTPUT

Capacity at 95°F inlet Temp Capacity at 119°F inlet Temp
140 130
1204
1204
110
E =
2 1001 2.100-
g g
F Z 904
S 80- E
: g, %1
S 5
5 Tu_
E 60 g
(=] 60
4[}-
504
20 ; , 5 : 40 i i : : : : ; :
1400 1600 1800 2000 2200 2400 2600 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
Delivered flow, scfm Delivered flow, scfm

2,315 scfm, 497 .75 HP, 24 psi rise to surge 2,103 scfm, 467.74 HP, 15 psi rise to surge
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DISCHARGE PRESSURE CHANGE - EFFECT ON AIR OUTPUT

Discharge pressure, psi(g)

Capacity at 110 psig discharge pressure Capacity at 118 psig discharge pressure
130 , , ; , , . . . 130
dod e BER
Mof—— 1000 N RN AR 110
00 T N N NG N ] '!.’:1(}0-
»
904 90 NG NG NN 2 904
j @
80 o 80
N
04 NG AR SRR W o 5 704
-
B0 f. = 60
|5
| I LT T T e e L Ll T LLI LT rr e i ....................... 504
40 : : : : ! i 40 - = - ; ‘ ; - -
1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
Delivered flow, scfm Delivered flow, scfm
2,103 scfm, 467.74 HP, 15 psi rise to surge 2,030 scfm, 464.94 HP, 7 psi rise to surge
Better EEEEEEEEEEEE

uU.s.
Plants_ 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

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

power requirement

Power at
Coupling % 100

Inlet flow (weight/volume) % 100

Better
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Cooling Water Effects On Dynamic Compressor Performance

Cooling water temperature
= Mass flow is determined in the

first stage of cooling. That is
the air that is delivered to the LOWER COOLING
2nd and 3rd stages. . WATER TEMPERATURI

= The cooler the air delivered,
the more mass flow. The
hotter the air delivered, the less
mass flow. Manufacturers can
redraw the performance curve
on a centrifugal with various
water temperatures so you can

actually see the difference in | | |
flow. VOLUME FLOW 100%

HIGHER
- COOLING WATER
TEMPERATURE DESIGN

CURVE

=
DISCHARGE PRESSURE 2
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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

S ,
Pressure % 100 7 \ ¢ Increase in air temperature

reduces flow

Power at Decrease in air temperature

=1

Coupling 100 === === == increases power

"o |
| ¢ Increase in air temperature
I

reduces power

Inlet flow (weight/volume) % 100

# Better
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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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Presenter Notes
Presentation Notes
The four colored lines represent the operating curves of the unit at various inlet guide vane positions, by guide vane angle. The red line is the flow curve with the inlet valve 100% open (0 degrees and 0% throttled). The air compressor is rated for 4,097 scfm maximum delivery at these operating conditions


Curve showing air compressor horse power at a 34°F inlet,60%

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

=]
3

S

2

g

(=1}
S

Coupling power, hp
=y
3

:

:

2
= :
4097

g

2500 3000 3500 4000 4500
Delivered flow, scfm

:
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Presenter Notes
Presentation Notes
The four colored lines represent the operating curves of the unit at various inlet guide vane positions, by guide vane angle. The red line is the flow curve with the inlet valve 100% open (0 degrees and 0% throttled). The air compressor is rated for 4,097 scfm maximum delivery at these operating conditions


Curve showing air compressor performance at a 104°F

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

125.00 67.5

==
=]
L

ﬁﬂ_. gt

1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
Delivered flow, scfm

................


Presenter Notes
Presentation Notes
Notice how the operating curves have all shifted to the left (less flow at any given pressure). At 125 psig, maximum flow has been reduced from 4,097 to 3,179 scfm, a loss of nearly 32%.



Curve showing air compressor horsepower at a 104°F inlet,

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

700 58592

67.5

g

g

_____________________________________________________________________________________________________________

S

Coupling power, hp

1800 2000 2200 2400 2600 2800 3000 3200 3400 3600
Delivered flow, scfm

................


Presenter Notes
Presentation Notes
The four colored lines represent the operating curves of the unit at various inlet guide vane positions, by guide vane angle. The red line is the flow curve with the inlet valve 100% open (0 degrees and 0% throttled). The air compressor is rated for 3,179 scfm maximum delivery at these operating conditions


Multiple Compressor Controls

* Maintains a consistent air pressure in the network within tight
parameters.

« Simple installation process.

« Compatible with various types of compressors.

* Improved service intervals lead to reduced maintenance costs.
 Option for prioritizing old machines over new ones.

« Staggered start times: Avoid starting two or more machines
simultaneously to prevent high current spikes.

« Base load compressors can pre-fill a network to mitigate load
peaks.

Better U.S. DEPARTMENT OF
4 Plants_ ENERGY



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.

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
%’3 100 — T Compressor
= #4
2
E 00 T Backup Compressor. Takes
30 seconds to make air
85 ————————————————————————————————————————————————— = — = e e e e e ——— —
Production minimum requirement
80 |
169
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Master Controls

- Basic single set point control scheme

110 —T—
105 Unload pressure ----------—————————————————————
g
o 95 Load pressure —-—3--——--—--—=-———-——-——-———-——-
=
S 90 -
-y
85 ——--| Production minimum requirement |------—-Y-——————
80 —T1—
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Master Control Basics

PA

102 psig

125 2 PSI = +/- 1% energy
118
0 10 4017 104 PSIg
.......... v 403,,“,,,,,,,,,,,1\'09
95 100 psig
88
80

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

Cascaded Pressure Switches Vs Master

Better
4 Plants
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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

EEEEEEEEEEEEEEE
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Pressure/Flow Controllers

Pressure Flow Controller Inlet Pressure {blue)

PSI Pressure Flow Controller Qutlet Pressure (green)

100
Pressure/Flow Controller
Inlet Pressure

80 T " s T d T v AT '__Pressur&’FFowConrmffer
Outlet Pressure

60 —

20

0

1 I 1 1 1 1 I 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
03/22/99 0322099 AM AM AM AM PM PM 03722199 03/2299 03722199

= 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.
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Best Practice with Pressure Flow Controller

Demand

D

Wet
Tank

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
Some facilities have primary storage before and after the dryer. There should be a receiver located after the dryer if a pressure/flow controller is used in the system.
Storage should be sized so that the large demand events do not require additional compressors to be turned on.




Pressure/Flow Controllers

—eo— Kilowatts

50% Cap, Flow Pressure Controller Bypased ,
—— Discharge Pressure

After Flow Pressure Controller

110

100

90 +

80

70

60

kw, PSI

50

30

20

10

0 100 200 300 400 500 600
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Pressure/Flow Controllers

—— Kilowatts

50% Cap, Flow Pressure Controller @ 78 Psig

—=— Discharge Pressure

110 After Flow/Pressure Controller

VAN AWANWAWANVAWAWA
/ NIV |V v VIV

80 +

70

60

kW, PSI

50

N

30

ARV RN

0

0 100 200 300 400 500 600
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Pressure/Flow Controllers




Pressure/Flow Controllers

Pressure Control

Current 96.2 PSI

Pressure ———1 el
Current 96.2 2
cetroint

919 SCFMN

Current

Eziﬂgt _55.4 De9 F
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Pressure/Flow Controllers

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

Supply
Header

Compressor #1
Trim 2 LNL 500 gallon
125 Hp - 94 kW pkg Receiver P:EFE[SWE
: ow
500 cfm @ 100 psig (wet) Refrigerated Control
MFFP 110 psig Dryer
Compressor #1
Stand-By - L/NL
125 Hp - 94 kW pkg 1,000 gallon
500 cfm @ 100 psig Receiver
MFFP 110 psig (dry)

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

EEEEEEEEEEEE
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Pressure/Flow Controllers

I ><I></
><
= ©
> >N
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Primary Storage




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, and the
MEASUR Tool

ENERGY


Presenter Notes
Presentation Notes
discuss different types of compressor capacity controls and how to efficiently match supply to demand.  Positive Displacement and Dynamic controls. Review the pros and cons of pressure flow control valves.  Demonstrate the CAS assessment module within DOE compressed air software tool.



=
Why AIRMaster+?

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

» | eaks +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

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

EEEEEEEEE
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Presenter Notes
Presentation Notes
Why AIRMaster+?�
Compressed air is an inefficient process and is expensive.
Approximately only 10% is available.
Leaks and pressure drops contribute to inefficiencies.
Compressors controls are often out of adjustment leaving multiple compressor running at part load.
A software tool is needed to aid in analysis of energy efficiency improvements.
AIRMaster provides a systematic approach, capable of handling multiple systems in a consistant manner.


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
Powerhouse / Compressor Station Manufacturing Plant
Producers of Compressed Air Consumers of Compressed Air
Produce Air More Efficiently Use Less Compressed Air
Total Energy < ‘
Savings

Better U.S. DEPARTMENT OF
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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
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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- " Compressor oY
day per week, 2 shift Operation m Power Losses and Usefull Work

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

EEEEEEEEEEEE
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O
MEASUR Features

= MEASUR is an open-source 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!

EEEEEEEEEEEE
Better
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Presenter Notes
Presentation Notes
AIRMaster+ Features�
AIRMaster is a Windows based, stand-alone software package.
Models existing system and simulated proposed modified operation.
Allows user to enter utility rates.
Models baseline profiles as hourly averages of airflow or power.
Garbage in equals garbage out.
There is no substitute for a knowledgeable and experienced auditor.


=
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

Better Us.
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Presenter Notes
Presentation Notes
Energy Efficiency Measures�
AIRMaster allows the user to investigate up to eight EEMs.
User may choose any combination of these eight.


Why LogTool?

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

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

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

Better U.S. DEPARTMENT OF
4 Plants_ ENERGY



LogTool is Designed To:

* Import data which is exported from different types of data loggers.

= Select logger data channels and modify their properties.
" e.g., name, 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
4 Plants_ ENERGY



MEASUR Main Menu

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

s

i 3

Motor Data
Inventory Exploration

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy

Better U.S. DEPARTMENT OF
4 Plants ENERGY

S. DEPARTMENT OF ENERGY



Box Plant Company Example

Located Outside

3 inch to Plant

QNW Model 1271 d
250 hp, Air Cooled

1020
Gallons

2180
Gallons 95 ps|g

Gardner Denver
Model RSD1500A4

Mist Eliminator

N Filter Refrigerated Dryer
QNW Model 1011 ._,,_7 Rated for 1500 SCFM @ 100 psig
200 hp, Air Cooled e
Rated 1014 acfm @ 100 psig
Better U.S. DEPARTMENT OF
QPlants

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

» Leakage is estimated to be about 600 cfm based on leak down
test

EEEEEEEEEEEE
Better
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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.

EEEEEEEEEEEE
Better
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CHAPTER 4

Compressed Air Distribution (Systems)

Table 4.7 1.oss of Air Pressure Due to Friction

Cu ft

Free Air Compressed

Equivalent
Cu ft

MNominal Diameter, In.

Per Min Pef‘l::ﬁn v, oy, 1 1y, 1y, 2| 3 4 6 8 10 12

10 178 650 00 0.8

20 256 250 3900 111 025 011

30 384 585 9001 251 057 026

10 512 160 445 103 046

50 6.41 251 006 161 071 0.9

60 7.68 362 100 232 102 0028

70 8.06 403 137 316 140 037

80 1024 615, 178 414 183 049

90 1152 828 226 523 232 062

100 1281 279 647 286 077

125 15.82 486 102 449 110

150 1923 628 146 643 172 021

175 2240 198 872 236 028

200 0562 250 114 306 037

250 31.64 104 179 478 058

300 38.44 582 258 685 084 020

350 1480 351 036 114 027

400 5124 458 121 150 0235

150 57.65 580 154 189 046

500 6328 716 102 234 055

600 76 88 276 336 079

700 80.60 377 455 109

800 1025 100 580 142

900 1153 623 76 180
1281 760 03 2]

1500 1023 310 49 057

g

2562

Y |

SS 009 024

- —— o —

U.S. DEPARTMENT OF

ENERGY



LogTool Trend Plot

Inter+al data |4 seconds] tor System [Mot Sgsgned) and Penods [Mot Sgsigned)
1A1/200812:02:25 P bo 1/23/2018 B:33:51 PM ——— ‘wet Tank [psig)

Dip Tank [paig)

40 inch pre feed [psig)

40 inch main header [psig)

Exit Conveyor Pusher (psig KW

— WasteWater [psig)

Pressure and Power Profile

psig

200 GNW (ki)
250 GNW (ki)

200 hp using 178 kW 250 hp using 170 kW

b 1D I

for only 100% output | 1 for only 40% output
: : About 1000 cfm : About 500 cfm
‘ID ...... ................ ............. .-
01~ r" n_, ,? n ‘a q; '\ .b U.S. DEPARTMENT OF
W L= &S o " " .S.
Better & & & & & & "~

ENERGY
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LogTool Trend Plot

Better

Interval data (3 seconds) for Swetem Mot Aszzigned) and Penods (Mot dzsigned) i
1/21/2018 23510 AM to 1/21/2018 31928 &M = Wet Tank [psig)

Diy Tank [psig)
Gross Leakage Bleed Down Test #2 40 inch pre feed (psig)

Exit Conveyor Pusher [psig] |,

psig .
— ‘Waste Water (psig) ,
1307 5 SR 200 QNW (kW) =
. : . i m— 200 QNW (kW) 220
taod o TPV TN AU 1 1'6 pSIg@ ................................................. .
: . v - 2:50:33 210
: : 200
BT T T O O | | T B T I . S T S T T TN N P P
190
ook R R iR L 180
: 170
a0 ....................... : e T S N . T S S S S 160
: 200 hp 150
Aohon i COMPressors | o o b N e L L
% is turned off at 140
: 2:50:33 130
?U R I I L R 1 A . I I R R I e I
: 120
. . . . B B . . . . . . B . A . 593? ps'ﬂ@
e . 2:54:03 no
: 100
=0 O SO S RN S S SR a0
: a0
40 ................ ?D
S £0
3D ........................................... . 50
; 40
2D ...........................................................
0
O S SN S S DO SO LU O U SN DOUOE SURRE T O N S USSR S DOURE SRR SO SRR DUPE NSO 2l
10
D e U e e P e - - - - - . - - . _ . " D
B B H B D D A D D D D B D A B B D D A B oD b DD H H D D D D D D D D D D D
P i S S R - E- S Cllt . St . ST - ST - o, it St e P Ll LS S-S - . S, St S i T
T T TS e e T T T T T T e e ¢ &
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Bleed Down Test Calculation

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

Where V= 453.9 Cu ft

Pl= 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

: Vi X (Pl e )
Leakage (cfm free air) = x1.25
1, *F,

Plants



Bleed Down Using MEASUR

el
w BLEED TEST

Total System Volume 453 9
Atmospheric Pressure 147
Mormal Cperating Pressure 116.66
Test Pressure 59353
Time 3.5
Leakage 654.27 CFM
Better U.S. DEPARTMENT OF

4 Plants_ ENERGY



LogTool Trend Plot

Interval data (3 seconds] far Spstem [Mot Azsighed)] and Periods (Mot Azsigned)
1A7/2018 71555 Ak 1o 11720018 1:41:41 PM

whet Tank [psig)
Dy Tark. [psig)
40 inch pre feed [psig)

Pressure and Power Profile 40 rch main e o)
ey | . 10minuteintervals

[sig Waste Water [psig) kil
: Pressure

200 QNW [k) o
250 ONwW (ki) C am

Dry Tank outlet and all demand

100k B 1 _
e SR side header locations o, WS . LT . S S S S TSV PO N U S S S

R | TR o S i N AR R A TP W AN ST L "
i} CRRRERE SRS SR [ h- N . '-_“n'l'..-' W.\EY EEEERE Dk S SRS e e A 51 SRR R R SEIEE SRR R R RS i) AR -

1) S Point of use o E T A P S S A A R SIS S PO PR Loan
s pressure at 40 o Do S o S o S oo L
inch Pre-Feed

o

Better &% s E é‘g 6\5() @@ & @”P @@ @"9 @”Q @:‘9 & @?9 @@ @:"9 @:”Q ‘9 ﬁ ”5' "9 "° ‘9 = \3’ FEFESSFFFESTS S U.S. DEPARTMENT OF

Plants s ENERGY
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B3 Import/Manage Logger Data in: IP LogTool.mdb

Logger File Type ||

Select Logger Diata Files | Fiy

Face Pocket Logger Software
HOBOware for ‘Windows

FLUKE Huydra Logger

DF 3000 Configuration Saftware

Logger D ata Files

| Import | File Marme SULLAIR Logéi S oftware Start | End | Interval (sec) | File Status |
Ranger Pronto For Windows
Wiondenware ActiveF actor
Unknown Logger Software
Channels in Files Checked for Impart
| [rnpart | File M arne | Logger (D | Logger Mame Chi | M amne | Type | Unitz | Pericd | Suztem
Import Checked Channels Check All Channelz IIncheck All Channels
Logger Channels Imported ta thiz MODE File
Delete Hame Type | Iritz Fenod System Start End Interval [sec.]
4 [ |wet Tank Prezzure -=lpsig | Mot Assigned - | Mot Azzigned = 11208114851 1/23/2018 14:40:00 3
T D Tank Frezsure =|psig | Mot Azzigned - | Mot Azgigned = 1TA1/20811:43:14|  1/23/2018 14:36:23 3
[T |40inch pre feed FPrezsure =|psig | Mot Aszzigned - | Mot &zzigned -~ 1At/2M8121203) 142342018 150512 3
[T |40inch main heads| Pressure ~|psig | Mot Assigned - | Mot &zzigned = 1A1/20M81215:25) 1/23/2018 15:08:34 3
[T |Esit Conweyor Pushe| Pressure =|pzig = Mot Assigned - | Mot Azzigned - 1AT/20M8 1222100 14232018 1515119 3
[T |waste wWater Frezsure =|psig | Mot Aszzsigned - | Mot &zzigned - 1A1/20812:05:48) 1/23/2018 145857 3
[ |200GHw Fower ~|k%w | Mot Aszzigned - | Mot &zzigned - 1A1/20M811:35:38) 1/23/2018 14:23:59 3
T |2500Nw Fower |k | Mot Aszzighed - | Mot Azzighed = 1TA1/20811:31:58)  1/23/2018 14:24:47 3
Delete Checked Channels

# Better

4 Plants
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Presenter Notes
Presentation Notes
AIRMaster Main Menu�
AIRMaster has 11 modules plus and Exit button.
Seven of these are required for AIRMaster analysis.
The left side of the screen (6 modules) model the existing plant.
The top right module, Efficiency Measures marks the completion of an analysis.
The last modules aren’t necessary, but may assist in an analysis.


LogTool Main Menu

|:|.' LogTool v2
File Tools Help

Open/Create Databaze file to store logger data

Ioen an kszhno Datahaze | MOB FilEl |

Create a Mew D atabaze [(MDB File) |

File ||P LogT ool mdb

Folder |D:\WEEE 20184 nternational Paper Compaty

Import Logger Data

Trend | Scatter | DayType |
Logger Data in: 1P LogT ool mdb
Trend | Scatter] DayTupe

Wiew | YT |2 ) = | Y] Include Hame Type [Initz Period Syztem Stark End Interval [zec.)
Datay ™ [ W (T I Wwiet Tank Pressure  +|psigp =+ | Mot Assigned Mot Assignec 1A11/208 114651 1/23/2018 14:40:00 K]
Datal # [ (T Il Ciry Tank Pressure = |psig = | Mot Assigned Mat Assignec 1112018 11:43:14( 1/23/2018 14:36:23 3
Datad ™ [ (T I Alinchpre feed  |Pressure | psigp = | Mot Aszsigned Mot Assignec 1A11/208121203 1/23/2018 150512 K]
Datad ™ [ A (T I 40 inch main head |Pressure = | psia = | Mot Assigned Mot &ssignec 1A11/208 121525 1/23/2018 15:08:34 K]
Datad ™ [ A (T I Exit Corveyor Pusl|Pressure = | psig = | Mot Assigned Mot Assignec 1A11/20812:22100 14232018 151519 K]
Datad ™ [ A (T I W aste W ater Pressure  +|psig =+ | Mot Assigned Mot &ssignec 1A11/201812.05:48 1/23/2018 14:58:57 K]
Data [ [W (T [+ 200 QMY Paweer - |k = | Mot Aszsigned Mot Assignec 111/2018 11:35:38( 1/23/2018 14:25:59 3
Datad ™ | ¥ | [+ [+ 250 QMW Poweer * |kw = |Mat Aszsigned Mot Assignec 1A1/20811:31:38] 1/23/2018 14:24:47 K]

Uncheck

! Better Trend Scatter | DayType

@ Plants
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Presenter Notes
Presentation Notes
AIRMaster Main Menu�
AIRMaster has 11 modules plus and Exit button.
Seven of these are required for AIRMaster analysis.
The left side of the screen (6 modules) model the existing plant.
The top right module, Efficiency Measures marks the completion of an analysis.
The last modules aren’t necessary, but may assist in an analysis.


Enter LogTool Data Into AIRMaster

|:|.' DayType Analysis

Power [k
400
a00t

200t

1007

(14

Click a date to highlight prafile in graph.

9 10 11 12 13
Haur af the Day

Plot Day Type ..

14 15 16

Femave Day Type. .

Systern: NotAssigned, Period: Mot Assigned

Right click on
data paints o
zelect day thpe.
Left click ta
highlight the
trace.

17 18 19 20 21 22 23 B4

Caution: Dray prafiles can be similar even though

¥ Better
& Plants

S. DEPARTMENT OF ENERGY

- - different equipment, e.q., compreszors, iz operating.
Date Day Day Type IJ‘I:"'I”:ja'I"S J I —I IJse Trend Plots to examine the details of equiprment
Jan11-2018 | Thu | Excluded Days operation before determining whether days should be
azzighed to the zame daptype.

Jan 122018 | Fri | Production . :

i E 'f“é”éwf“é"‘:._l,lséem ; Copy Flot to Copy Profiles to Hel
Jan-13-2018 | Sat | Production uTu i ClipB oard ClipBoard P
Jan-14-2018 |5 Sund
an Hn | sunaey System DayTvpe Profiles
dan15-2018 | Mon_ | Monday DayTypeName | ChanneMame | Ho 01 | Hr 02 [ Hi 03 [ H 04 [ Hr 05 [ Hi o6 [ H_07
Jan-16-2018 [ Tue | Praduction b |MHonday 200 LMW 0.00 0.00 0.00 000 8455 17588 17713

. Maonday 250 QMW 0.00 0.00 0.00 000 8380 18418 16356
Jan-17-2018 | wed | Praduction Production 200 GNW 178.12] 178.25 177.86| 177.11| 177.67| 178.09] 177.97
Jan-18-2018 | Thu | Production Praductian 250 CIMW 166.54| 1B6.81| 167.49( 188.31| 16850 188.50| 162.40
Jan192mE Fi | Production Sunday 200 Gk 181.76) 18051 179.20( 176.93| 15417 0.00 0.00

Sunday 250 G 166.56| 163.73| 16243 16183 14308 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 | Ewxcluded Dayz € >

U.S. DEPARTMENT OF

ENERGY



DayType Profiles

Power [k Production

4Ellill

300
2007

10071

|:| +—+ +— +—+ +—+ +—+ +— +— +—+ +—+ +—t +— +—+ +—+ +—t +— +—+ +—+ +—+ +— +—+ +—+ +—+ +—
1 2 3 4 &5 B 7 8 8 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24
Hour of the Day

Better U.S. DEPARTMENT OF
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DayType Profiles

Power [Kiw] Sunday

4007
300y
2007

1007

e I S e e e e e e A e e
S8 9 10 11 12 13 14 15 1 17 18 19 20 21 22 23 24

Hour of the Day

Better U.S. DEPARTMENT OF
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DayType Profiles

Pawer (ki) Monday
4001

a00y

2007

1007

1 g 3 4 B B 7 8 9 10 1 12 13 14 15 18 17 19 19 20 21 22 23 24
Hour of the Day

Better U.S. DEPARTMENT OF
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supply receive (Pressure) ve. comp 2 kv (Power)
15 second interval data for Systern (Mot Assigned) and Period (Mot Assigned)

Poveer (kW)

|-

L

H
.
H

s

1y

a0

70

20

125

124

116

Fressure (psig)
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MEASUR Tool

<]

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

MEASUR

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

Add New ~

_ 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.

Home If you need help at any point along the way, click on a & User Manual icon.

& All Assessments
& Coca Cola v2

& Coca Cola v2 e
Coca Cola v2

Coca Cola View Assessments Equipment Calculators

& o b

Cleveland Cliffs Burns Harbor
Lockheed Martin

New Assessment

Lockheed Martin

International Paper
International Paper

New Assessment
International Paper

P

Lennox

UTLX Ville Platte LA 2
Owens Corning Amarillo
Fuji Jan 2023

Fuji New Pump Data

:temat‘ona’ Fesgior Inventory Exploration
on

Fujifilm
Fuji U.S. DEPARTMENT OF Energy Efﬁciency &
Coming Inc

Corning Inc ENERGY Renewable Energy
SRP

Better U.S. DEPARTMENT OF
4 Plants ENERGY

S. DEPARTMENT OF ENERGY

& =

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

A SN EERENNEEREERNERNENBERE-&BNIN®N.!




MEASUR Tool

Compressed Air Calculators

Compressed Air Reduction
This calculator is used to guantify the energy savings associated with reducing compressed air usage.
—
Compressed Air Pressure Reduction
This calculator is used to gquantify the energy savings associated with reducing compressed air system pressure.
—
SCFM Actual to Standard Airflow
' ‘ 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.

Leak Loss Estimator - Bag Method
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 guantify the energy savings associated with reducing compressed air leaks.

U.S. DEPARTMENT OF
Better

4 Plants ENERGY

S. DEPARTMENT OF ENERGY




MEASUR Tool

Receiver Tank Sizing
H Calculate the required size of the receiver tank

¢ ¢

Usable Air Capacity
H Estimate the quantity of compressed air that is available for use

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

“\‘>E§B Velocity in the Piping
7 Estimate the velocity of compressed air throughout system piping
—
. '“"][I " System Capacity
. Determine total capacity of compressed air system or specific pipes and receiver tanks
—
s...”....-'. Operation Costs
Better @ Es[:imate the cost of operation of the compressor in both fully and partially loaded instances U.S. DEPARTMENT OF
~— ENERGY




Let's compare to old Log Tool

Data Exploration

Import Data a Select Header Row (ﬂ"ﬂ Refine Data 4 Map Date and Time

Select a header row and advance to the next file

Apply my selections for all datasets

International_Paper_Co_inside_200hp_QSI1.csv International_Paper_Co_outside_QSI_n250h.csv

Select Header Row

O Plot Title: International Paper Co inside 200hp QSI1

@ # Date Time, GMT-07:00 200hp QSI1000, KW
O 1 01/11/18 11:35:38 AM 179.256
@) 2 01/11/18 11:35:41 AM 179.159
O 3 01/11/18 11:35:44 AM 179.061
O 1 01/11/18 11:35:47 AM 178.964
O) 5 01/11/18 11:35:50 AM 179.159
@) 6 01/11/18 11:35:53 AM 179.256
@) 7 01/11/18 11:35:56 AM 179.451
@) ] 01/11/18 11:35:59 AM 179.354
O 9 01/11/18 11:36:02 AM 179.451

Better U.S. DEPARTMENT OF
& Plants ENERGY

S. DEPARTMENT OF ENERGY



Let's compare to old Log Tool

Data Exploration

n Import Data a Select Header Row B Refine Data n Map Date and Time

Mark the columns to be used for analysis and advance to the next file

Apply my selections for all datasets

International_Paper_Co_inside_200hp_QSI1.csv International_Paper_Co_outside_QSI_n250h.csv
Column Name Use Column Alias Display Unit
# M |# | +Add
Date Time, GMT-07:00 |Date Time, GMT-07:00 | +Add
200hp QSI000, KW |200hp QS11000. kKW | +Add
Original Data
# Date Time, GMT-07:00 200hp QSI1000, KW
1 01/11/18 11:35:38 AM 179.256
2 01711718 11:35:41 AM 179.159

Better U.S. DEPARTMENT OF
Plants ENERGY

S. DEPARTMENT OF ENERGY




Let's compare to old Log Tool

Data Exploration

Import Data a Select Header Row B Refine Data n Map Date and Time

= Timestamps are required for Day Type Analysis and time series data visualizations. Advance ahead if you won't be working with time data.
o Mark "Includes Date" if the column contains a date and time or a date only
= Mark "Includes Time Only" if the column contains a time only

2 Timestamp Help

Apply my selections for all datasets

International_Paper_Co_inside_200hp_QSI1 csv International_Paper_Co_outside_QS1_n250h csv
Column Name Includes Date Includes Time Only @
Date Time, GMT-07:00

ouside 250 hp. kW

Data Collection Interval v

Better U.S. DEPARTMENT OF
Plants ENERGY

S. DEPARTMENT OF ENERGY




Let's compare to old Log Tool

M Data Exploration {50 Day Type Analysis UGG r4 o))
Graph Data Table Data: Total Aggregated Equipment Data ~ Day Types Apply To Assessment

Total Aggregated Equipment Data (Hourly Data Average)

. —— | 18

350 - 8

- — 18
5 3 — 18
- O
E == —— | 18
E 200 —— 18
£ 7 :
=l .
& o150 D :
E —_— 8
B 100 —— 18
,u'u —— | 18
5? 50 . '
[}
=)
F oo

=20 /\/ \

Z e o
Hourly
Day Types: [EMC AR N O EAR="INEe N +Add New  Reset Day Type Average Interval Update Analysis

January 2018
Select Columns for Total Aggregated Equipment Data:
Su Mo Tu We Th Fr Sa
Apply my selections for all datasets

International_Paper_Co_inside_200hp_QSI1.csv International_Paper_Co_outside_QSI|_n250h.csv
(11112 13)
Column Name Include in Aggregated Data )
14,15 ,16 17 18 ;19,20
m 200hp QSI000. KW

EnEnaY - OF

Better ‘ N
Plants —_———--

S. DEPARTMENT OF ENERGY




Day Types

Power (KWw) Monday Power (kW)
400 400 Tuesday to Saturday
300 300 3!
200 200
100 100
0 0
1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 T2 3 4 5 B 7 8 9 7071 72 13 14 15 16 17 18 19 20 21 22 23 24
Hour of the Day Hour of the Day
Power [kw) sunday
400
4
300
200
1001
0 ———— e S T 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 Da"" U.S. DEPARTMENT OF
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Let's compare to old Log Tool

Data Exploration

Graph Data Table Data: Total Aggregated Equipment Data ~

Day Type Summaries (Total Aggregated Equipment Data)

0N Day Type Analysis BUEIE &)

(N EVASTIETa L Display All - Day Types Apply To Assessment

0 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20 21 22 23
228377 228905 228787 24279 286.037 316346  332.25 346.52 346149 345545 344301  343.832 342328 332301 340319 340034 339788 340325 342196 342645 343561 343737 343301 343897
344453 337.25 294106 242105 230.29 142396 141889 141807 142721 142478 142019 14154 140.885 140712 140507 139788 139.802 140537  141.008 141615 141356  140.843 14128 141524
m 343151 3445 343.84 343205 343652 343878 345983 345427 34482 343188 342499 343677 341853  340.265 335766  343.887 34411 343776 347291 347.341 349506 349346 349406  350.719
Day Summaries (Total Aggregated Equipment Data)

0 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20 2 22 23
Jan 12, 2018 350503 350457  348.767 350922 349444 350735 350126 349697  34B726 479N 348143 348613 346908 343422 343798 343355 343994 344688 346835 347.03 350133 349.088  350.24 350.696
Jan 15, 2018 -52.48 52481 62479 6248 135607  340.068 340532 346157  347.243 347519 348732 347609 345048 343513 34195 341135 340554 341815 343719 344359 34533 346.652 346389  346.135
Jan 16, 2018 347 61 34787 347122 346248 347541 347.869 347655 346548 347811 345907 343795 343826 342966 340637 341396 34232 341424 341937 34392 343374 343997 345062 343421 344827
Jan 17, 2018 344128 344633 344586 344258 346296 347187 34595 346432 344017 345032 342959 34333 341718 340763 341098 341485 341743 342284 344047 344131 344541 344578 344717 345682
Jan 18, 2018 344129 344662 345205 345652 346.339 346123 346506 345632 345.088 344363 341707 339446 338237  279.357 336221 335935 335253 335215 337.038 338875 336816 338304 338122 337.499
Jan 19, 2018 337229 339573 338.789 338727 339595 339627 341793 339637 3393 338219 336391 336754 336.199 334947 336405 335468 334589 335592 337.082  337.884 338112 338727 336751 33925
Jan 22, 2018 62479 6248 52.48 36.16 137439 142.81 253.086 351139 350.856  349.867 348384  347.243 345219 343466 341363 340524 3400952 340747 34273 342761 343397 343746 343488 343188
Jan 13, 2018 351026 349585 351782  351.001  351.894 35274 351297 351961 352383 352372 349311 346937 345905 345543 344381  343.145 343407 344375 346107  344.937 346216 34554 345.22 346.343
Jan 14, 2018 347315 344282 341634 338817 2896 52.48 62481 62479 5248 -52.48 62482 62481 6248 5248 -52.48 62488 62483  -62.48 -62.48 62479 62479 -62.48 6248 62.48
Jan 20, 2018 337.969 338586 33917 341079 342147 341811 341216 340.627 343462 342497 343729 344185 342992  342.259 342607  340.974 340766 342729 342885 346484 344162 342792 344.86 344.712
Jan 21, 2018 15 316585  143.837 62476 52479 62478 62478 5248 -52.48 52478 6248 52.48 62477 62479 62481 6248 -62.481 62478 62479  -62.48 62476 -62.48 62479 -62.48
e
Jan 11,2018 346218 34507 343465 342276  343.887 34411 343776 347291  347.341 349506 349346 349.406  350.719
Jan 23, 2018 343151 3446 34384 343205 343652 343678 345983 345427 34492 343188 342499 341135 338636  337.064  335.257

py Table

U.S. DEPARTMENT OF

ENERGY

Day Types: LR atE SOl +Add New Reset Day Type Average Interval

January 2018

Select Columns for Total Aggregated Equipment Data:

Better
Plants

S. DEPARTMENT OF ENERGY




Setup Profile Profile Summary Table Profile Summary Graphs

SELECT POTENTIAL ADJUSTMENT PROJECTS

Select potential adjustment projects to explore opportunities to increase efficiency and the effectiveness of your system.

Add New Scenario

Modification Name VSD
Reduce Run Time supply
Implementation Cost 106700 5]
Day Type Weekday h
Capacity | Shutd
apacity | Shutdown | .00 ' 4100 | 2:00 | 3:00 | 4:00 | 5:00 | 6:00 | 7:00 | 8:00 | 9:00 |10:00 11:00 12:00
acfm Timer
200 hp QNW | 933 acfm oo/ 0jol0j0lo|lo|ololo OO
250 hp QNW | 1261 acfm o 0o/lololo ojo)jojo|jo|lo oOo|0O
New Compressor| 1141 acfm

sSD -
View / Add Scenarios

Selected Scenario

Available Airflow
Required Airflow
Power, kW

933 (933 (933 (933 |933 (2,074 2,074/2,074 2,074|2,074 2,074 2,074|2,074
705 (708 (709 (775 (907 |1,085 1,347(1,526 1,527|1,524 1,524 1,521|1,513
159.5/159.7 159.8 164.1(172.7 244.1|300.9 | 357.7 | 357.8 | 357.6 357.6 357.4 344.2

MODIFICATION RESULTS PERFORMANCE PROFILE HELP NOTES
All Day Types v
Baseline VSD
Percent Savings (%) —_——
39.6%
Flow Reallocation Energy Savings —_— 391,627 kWh
Reduce Air Leaks Energy Savings —_— 585,745 kWh
Reduce Run Time Energy Savings —_—— -233,967 kWh
Peak Demand 346.6 kW 273.86 kW
Annual Energy 2,620,045 kWh 1,876,639 kWh
Annual Emission Output Rate 1,050,821 tonne CO, 752,664 tonne CO,
Peak Demand Savings —_ 72.74 kW
Annual Energy Savings —_ 743,405 kWh

Annual Emission Savings

298,158 tonne CO,

Reduce Air Leaks pemand

Implementation Cost
Leak Flow

Leak Reduction

5000
600
50

Improve End Use Efficiency pemand

Flow Reallocation Savings
Reduce Air Leaks Savings
Reduce Run Time Savings
Peak Demand Cost

Annual Energy Cost

Annual Cost

Peak Demand Cost Savings
Annual Energy Cost Savings
Annual Cost Savings

$0.00
$247,594.21
$247,594.21

$25,847.38
$55,352.94
-$22,109.88
$0.00
$177,342.40
$177,342.40
$0.00
$70,251.80
$70,251.80

Reduce System Air Pressure  supply

o} | §e] N
=S | ES
Al . B

Add Primary Receiver Volume  suppiy




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.

¥ Better
QPlants
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Homework for Week 3 — Compressor Controls

= Explain each of the following control methods:
= Start/Stop
* |oad/Unload
= Modulating
* Variable Displacement
= Variable Speed
= Sequencer
= Master Compressor Controller?
= Pressure Flow Control?

EEEEEEEEEEEE
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