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= Energy analysis services:

For industrial compressed air, process vacuum, pneumatic GA 7-75 VSD* (7-75 kW/10-100 hp)
conveying, process pumping, industrial process cooling and other
similar electric motor-driven rotating machinery systems:

alrhestpractices.com

December 2017

o Walk-through and development of potential opportunities and Sustainable Predasticty
solutions

Energy efficiency measure selection
Data-logging

Data-reduction

Analysis and simulation

Project budgeting

Report writing

Peer review

Inspection
Re-tuning/re-commissioning
Energy management
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= Project technical services:

Control system specification

P&ID development

Equipment layout and piping design
Ventilation design

Submittal review

Commissioning
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14 Air compressor Control at Remote =
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24 7Zinc Producer Reduces Compressed
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30" compressed. Arr Dryer Fundamental
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= Miscellaneous services:
Performance testing
Tuning and re-tuning
Leak assessments
Remote monitoring of key performance indicators
Project management
System start-up assistance and trouble-shooting
and de
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 Why Install a Single VSD Compressor
« Data-Logging Flow

 Analyzing Flow Data, 2 Examples
 Matching Compressor to Data
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Why Install a VSD

Compressor

« All Systems Have Flow Variance

« All Systems Should have a “Trim”
Compressor, to Follow the Typical Variance.

« Trim Compressor Technologies Include
Variable Speed (VSD), Variable Displacement,
Start-stop, and Load-unload.

* A Very Efficient Mode of Part-load Control For
Lubricated Screw Compressors is Variable
Speed.

 If Flow Changes at Least 50% of Time, VSD Is
a Good Option.




Method 1. Flow Metering

Method 2: Amp-logging and Calculate
Flow

Flow Metering is More Accurate, Less
Complicated Analysis, & Fewer Arguments

Amp-logging Is Less Intrusive, no Shut-
down or Hot-tap Required
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—, ’ Data-logging Flow
Q-

* If You Flow Meter, Put One Meter After Your
Dryer, Thermal Mass Recommended

 If You Amp log, Measure All Compressors
Concurrently, with Pressure

 Amp to Flow Correlation - Depends on
Compressor Controls

 Amp / Pressure Scatter Plots to Confirm Controls
* Flow Calculation Column

* Log for at Least a Week, 1-minute Sample Rate
or Finer (1/4 of Cycle Rate)




Flow Metering:

1-2" Pipe: In-Line
>2" Pipe: Insertion
Thermal mass (cheaper), After Dryer(s)

DP, Vortex, and Other Types for Before
Dryers

Clamp-on Meter, Thermal Mass



Current Metering:

Clamp-on CTs for All Compressors
Discharge Pressure Transducer
Data Logging:

4-20mA Loops
Data Logger
Some Flow Meters Data-log Internally
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Simplified Analysis -
Example 1, Low Flow

= a

File Home| Insert | Page La | F:\rmula‘ Data ‘ Review | View {gtl3 | Nuance ‘ACRDEJ| Q Tellme

13 9 . . Bl | £ New Window =
Open the “.csv” File in o e o0 8t B 084 5D
ews= Selection reeze Panes~ Windows =~
Zoom Window Macros
Exce | Gl - F Date/time
I " G H J K
Click on Date/time A | |k
2 | 3/24/2016 10:53 0.26
Header 3 | 3/24/2016 10:54 0.39
4 | 3/24/2016 10:54 0.00
. . 5 | 3/24/2016 10:55 0.00
Shlft_ArrOW to nght to 6 | 3/24/2016 10:55 20.08
. . 7 | 3/24/2016 10:56 0.00
H hl ht T f Fl 8 | 3/24/2016 10:56 0.30
Ig Ig Op O OW o | 3/24/2016 10:57  21.76
10 | 3/24/2016 10:57 0.00
COlumn . 11| 3/24/2016 10:58 0.00
12 | 3/24/2016 10:58 0.00
. 13 | 3/24/2016 10:59 0.09
Shift-Ctrl-Arrow DOWN tO  |vausomi0s oo
. . . 15 | 3/24/2016 11:00 0.00
H hl ht A” T /D t & 16 | 3/24/2016 11:00 0.00
Ig Ig Ime a e 17 | 3/24/2016 11:01 0.00
18 | 3/24/2016 11:01 0.00
Data 19| 3/24/201611:02  10.18
20| 3/24/2016 11:02  118.94
21| 3/24/2016 11:03  80.66
22| 3/24/2016 11:03 1.20
Aﬁ-;o;s-_ 03.31_Session 130sec | . @ . v
Average: 2123425059 Count: 17088 Min: 0 Max 42456.41999  Sum: 3623084056 HH ]
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2016.03.31_ Session 130 sec -

Excel
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File Home QEEELE Pagelayout Formulas Data Review View Help Nuance PDF ACROBAT Q Tell me
a) o [s] gy *ELQ g g = 5]s])
Talz\s HIustrftwons f:’:: Remg‘r:;‘ﬂdv,' o *,v Msps Pwot'Chart MZE[:,. Sparlfhns Fl\tvers Llrllﬁ fot O
Scatter Tours
61 - £ na-\';;n_. ‘,-:ﬂ M
G H \;—\ st K | L
1 |Date/time Flow, sc Fubble
2 | 3/24/2016 10:53 0. \.’i \ﬁ
3 | 3/24/2016 10:54 0.
[ More Scatter Charts...
4 | 3/24/2016 10:54 O.uu
5 | 3/24/2016 10:55 0.00
6 | 3/24/2016 10:55 20.08
7 | 3/24/2016 10:56 0.00
8 | 3/24/2016 10:56 0.30
9 | 3/24/2016 10:57 21.76
10| 3/24/2016 10:57 0.00
11| 3/24/2016 10:58 0.00
12| 3/24/2016 10:58 0.00
13| 3/24/2016 10:59 0.09
14| 3/24/2016 10:59 0.00
15| 3/24/2016 11:00 0.00
16| 3/24/2016 11:00 0.00
17| 3/24/2016 11:01 0.00
18| 3/24/2016 11:01 0.00
19| 3/24/2016 11:02 10.18
20| 3/24/2016 11:02 118.94
21| 3/24/2016 11:03 80.66
22 1.20
[ »
= m - 1

[= E 2016.03 31_Session 130 sec - Excel Tim Dugan B8 = O
File  Home | Insert | Page Layout | Farmulas | Data | Review | View | Help | Nuance POF | AcROBAT [EDESRUIM Format  Q Tellme |2
. - —
[ A : 1]
Add Chart Quick  Change :,&, ﬁ, ,,ﬂ ,,,,,,,, Switch Row/ Select  Change  Move
Element ~ Layout = | Colors - Column Data  ChartType Chart
Chart Layouts Chart Styles Data Type Location -
Chart1 - A =
G H )| | L M -
1 Date/time Flow, scfm
27 3/24/2016 10:53 0.26
37 3/24/2016 10:54 0.39
4 | 3/24/2016 10:54 0.00 o
5 +
= Flow, scfm
6 ,-‘
7 | 2s0.00
— T
8_
9 | 200.00 e
10|
11| 150.00
12|
13 | 100.00
14|
15| s0.00
16 |
17, 0.00
18 3/24/2016 3/25/2016 3/26/2016 3/27/2016 3/28/2016
19 5000
20 pererr 0
217 3/24/2016 11:03 80.66
227 3/24/2016 11:03 1.20
23_ 3/24/2016 11.04 0.90
24 | 3/24/2016 11:04 1.28 -
201603 31_Session 1.30sec | snapshot | () f v
Ready Average: 2123425059  Count: 17088 Min:0  Max 4245641999  sum: 3628084056 | H) m - 1 + 150%




* Insert Trendline — Moving Average (Make it
Black)

Tim Dugan

File Home  Insert  Pagelayout  Formulas  Data
L] - —— —
| T Y : : : ]
Add Chart Quick = Change :,&, 'jﬂ, f,m_ _________ —| | Switch Row/ Select = Change = Move
Element = Layout~ Colors~ " - - . Column  Data  ChartType Chart
Chart Layouts Chart Styles Data Type Location ~
Chart 1 - I3 -
_G . h . ] . L L L_li E Format Trendline T
1 Date/time Flow, scfm
— Trendiine Options ¥
2| 3/24/2016 10:53 0.26 2 Ol
3 3/24/2016 10:54 0.39 L
4 | 3/24/2016 10:54 0.00 o 4 Trendline Options
5 d xponential
- Flow, scfm O
6_ \«_ ) Linear
7 | 250.00
87 \/_ () Logarithmic
97 200.00 L ) Palynomial Order 2 e
10/ / Power
11| 150.00 | /" @ Moving Average period
12 Trendiine Name
13 | 100.00 O Putemers 100 per. Mov. Avg. (Flow,
— - scfm)
147 ) Custom
1 5_ 50.00 Forecast
16 Forward 00 periods
1-,7 Backward 0.0 periods
= 0.00 Set Intercept 0.0
18 3/24/2016 3/25/2016 3/26/2016 3/27/2016 3/28/2016 — -
| isplay Equation on char
19 -50.00 Display R-squared value on chart
20 0
21 3/24/2016 11:03 80.66
22| 3/24/2016 11:03 1.20
23 3/24/2016 11:04 0.90
24 | 3/24/2016 11:04 1.28 -
201603 31_Session 1.30sec | snapshot | (@ [4] [ ] [r]
Ready Average: 2123425059  Count: 17088  Min: 0 Maic 42456,41999  Sum: 362808405.6 B M -+ 150%




Conclusions,

Example 1

Original (& Anecdotal) Data Seemed to Indicate
High Flow.

Average Logged Data Shows Low, Flat Flow.
Low Demand Scenarios Often Have an

Un
In ~

oredictable Peak.
"'his Case, Peak was Real, Infrequent, &

Un

Known Magnitude.

Oversizing for Estimated Peak Would Put VFD
Compressor at Min Load 99% of Time.

Not the Best Application for a Single VFD
Compressor.




Simplified Analysis -

Example 2, 4 Bin Flow

Total Flow, scfm

Date/time Flow, scfm 140
9/22/17 12:02 AM 85.2
9/22/17 12:03 AM 85.2 0
9/22/17 12:03 AM 85.2 o
9/22/17 12:03 AM 85.2 105 scfm
9/22/17 12:03 AM 85.2 1o
9/22/17 12:03 AM 85.3 o 95 scfm
9/22/17 12:03 AM 85.3 85 scfm
9/22/17 12:03 AM 85.3 %
9/22/17 12:03 AM 85.3 "
9/22/17 12:03 AM 85.3
9/22/17 12:03 AM 85.3 70 78 scfm 73 scfm
9/22/17 12:03 AM 85.3 .
9/22/17 12:03 AM 85.3
9/22/17 12:03 AM 85.3 50
9/22/17 12:03 AM 85.2
9/22/17 12:03 AM 85.1 v
9/22/17 12:03 AM 85.1 30
9/22/17 12:03 AM 85.0
9/22/17 12:03 AM 85.0 0
9/22/17 12:03 AM 85.1 1
9/22/17 12:03 AM 85.2
9;22;17 12:04 AM 85.3 9/020/2017 9/22/2017 9/24/2017 9/26/2017 9/28/2017 9/30/2017 10/2/2017 10/4/2017
9/22/17 12:04 AM 85.3
9/22/17 12:04 AM 85.3

9/22/17 12:04 AM 85.2



Example 2, Ctd

* Perform “Bin Analysis”
« Get Excel Data Analysis ToolPak
* Create "Histogram” with “Bins”

Bin Frequency % of Time
0-10 0 0%
10-20 0 0% Flow Rate Frequency
20-30 0 0% 60%
30-40 0 0% ’
40-50 0 0% g 0%
50-60 2 0% £ a0%
60-70 1352 0% Y 30%
70-80 142453 49% % 0%
80-90 21998 8% s
90-100 45889 16% & 10% I
100-110 75746 26% 0% e I -l =l =1
Q N0 0O © O O 0O O N0 O O 0O N0 O O @
130-140 2 0% Flow Rate
140-150 2 0%
More 9




Matching Compressor

to Data

* Try Larger One First, Then Reduce, Then Back Up
* |n This Case, Start With 50hp, 250acfm

* Get Curve for VFD & Alternatives, or Use
AirMaster™
https://energy.gov/eere/amo/articles/airmaster

« Place Predominant Flows on Curve

* Look at Relative Efficiencies at Predominant Flows

« Keep Headroom for Growth (at Least 20%)

* Try to be in “Sweet Spot” (30-80%)

« Avoid Prolonged Time at Min Speed Flow (or Below)



https://energy.gov/eere/amo/articles/airmaster

Matching Compressor

to Data

* Fairly
Efficient

e Too
Large
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Matching Compressor

to Data

° 25h p’? Power vs. Flow

25hp VFD Compressor vs. Alternatives
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Matching Compressor

to Data

° 30h p’? Power vs. Flow

30hp VFD Compressor vs. Alternatives
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—— '9 Conclusions
Q-

« Use a Flow Meter or CTs & PTs and Log Your Flow
« Use Excel to Evaluate Flows:

« Smooth Out Data if Noisy

* Create Bins

* Decide if a Single VFD is Even a Good Fit

« Get Performance Curves for High, Low, and Mid-
sized VFD Units & Alternative or Use Generic

* Plot Main Bin Flows On Curves

« Keep Headroom for Growth (at Least 20%)

* Avoid Prolonged Time at Min Speed Flow (or Below)
* Try to be in “Sweet Spot” (30-80%)
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< Thank you
K

Tim Dugan
Compression Engineering Corporation

503-520-0700
tim.dugan@comp-eng.com
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Agenda

= Determining flow curve
= Utilizing a VSD and fixed speed compressors

= Potential Issues

Alilas Copco



Determining Flow Curve

= For existing installations its always best to perform an audit

= For new installations, find out how the customer plans to run their equipment.
= Do not guess

= [ncorrect sizing results in poor performance

= Ask questions and educate customers

Alilas Copco



Determining Flow Curve

= New Installation - Customer Runs 3 Shifts
— Morning ~ 400 CFM Lunch ~75 CFM Afternoon ~ 300 CFM

Flow (CFM) vs Time
450

400
350
300
250
200
150
100

50

0
8:00 AM 9:40 AM 11:20 AM 1:00 PM 2:40 PM 4:20 PM 6:00 PM e

Atlas Copco



Efficient Range of VSD

= Entire possible flow typically 40-100%
= Most efficient 50-90%

120 CFM

450 CFM

Alilas Copco



Trying to use a single VSD

= Need to size for max cfm

= Use 450 CFM compressor

Flow (CFM) vs Time
450

a0 PANNMWAAM A

350

300

250

200

150

100

50

0
8:00 AM 9:40 AM 11:20 AM 1:00 PM 2:40 PM 4:20 PM 6:00 PM

Alilas Copco



Trying to use a single VSD

= Still inside optimal range

Flow (CFM) vs Time

450
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Trying to use a single VSD

= Qversized for lunch shift — VSD reliability issues could occur

Flow (CFM) vs Time
450

400
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300
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50
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Alilas Copco



Sizing VSD

= Look at the smaller variance in flow

Flow (CFM) vs Time

450
400
350
300
250
200
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100

50
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Atlas Copco



Sizing VSD

= Look at the smaller variance in flow

Flow (CFM) vs Time

450

350

250

200
150
100

50

8:00 AM 9:40 AM 11:20 AM 1:00 PM 2:40 PM 4:20 PM 6:00 PM

Atlas Copco



Sizing VSD

= Look at the smaller variance in flow

Flow (CFM) vs Time

250

450

400

200
150
100

WUSUAERSI 30 CFM

50

8:00 AM 9:40 AM 11:20 AM 1:00 PM 2:40 PM 4:20 PM 6:00 PM

Atlas Copco



Sizing VSD

= Look at the smaller variance in flow
= Size your VSD Compressor to be able to match the smaller changes

= Use additional compressors to account for large changes

Alilas Copco



Sizing VSD

Small Changes = 50 CFM
— Choose VSD who’s most efficient flow bandwidth (50-90%) is ~50 CFM

— A 120 CFM compressor’s entire flow range (40-100%) is 50-120 CFM

Alilas Copco



Multiple compressors with a single VSD

= Placing our 120 CFM VSD

450

400

350

300

250

200

150

100

50

AWV

\

Flow (CFM) vs Time

Lo/

8:00 AM 9:40 AM 11:20 AM 1:00 PM

M N

2:40 PM 4:20 PM 6:00 PM

Alilas Copco



Multiple compressors with a single VSD

= Fill in the Remaining with Fixed speed machines

= 1x70CFM, 1x240 CFM
Flow (CFM) vs Time

450

350 \

. /0 CFM \‘

240 CFM \ / 240 CFM

- \AA/\/V\/V\/

50

ANNA AI\/\ ANANNS
MAAYV A MV VVV

0
8:00 AM 9:40 AM 11:20 AM 1:00 PM 2:40 PM 4:20 PM 6:00 PM

Alilas Copco



Control Gap

= A flow value where the VSD is not able to match the flow required

= Example:
— Our 120 CFM VSD can turn down to 40%

— Able to produce 50 to 120 CFM.

Alilas Copco



Control Gap

— If the demand is below 50, the VSD will have reliability issues
= Water in the oill
= Overheating drive
» Lack of airflow through motor

— Never run system in the control gap.

Alilas Copco



Control Gap

= Example:

Our 120 CFM VSD can turn down to 40%
Able to produce between 50 to 120 CFM
The variable capacity band is 70 CFM

— To eliminate control gap one fixed speed compressor must be 70 CFM or smaller

Alilas Copco



Control Gap — Multiple Compressors

= Example:
— 120 CFM VSD, 70 CFM Fixed Speed (A) , 240 CFM Fixed Speed (B)

— Our compressor options are:
= VSD
= VSD+A
= VSD+B
= VSD+A+B

Alilas Copco



Control Gap — Multiple Compressors

= Example:
— 120 CFM VSD, 70 CFM Fixed Speed (A) , 240 CFM Fixed Speed (B)

— Our compressor options are:

= VSD = 50 to 120 CFM
= VSD+A =120 to 190 CFM
= VSD+B = 290 to 360 CFM
= VSD+A+B =360 to 430 CFM

Alilas Copco



Control Gap — Multiple Compressors

= VSD Only =50 to 120 CFM

Flow (CFM) vs Time

450

400

350

300
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200
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100

50
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Control Gap — Multiple Compressors

= VSD and Fixed Speed A =120 to 190 CFM

450

400

350

300

250

200

Flow (CFM) vs Time

150 | VSD + A \ /
100
VS W
50 : :
0
8:00 AM 9:40 AM 11:20 AM 1:00 PM 2:40 PM 4:20 PM

6:00 PM

Atlas Copco



Control Gap — Multiple Compressors

= VSD and Fixed Speed B = 290 to 360 CFM

Flow (CFM) vs Time
450

400
350
300
250

200

150 | VSD + A \ /
" veR \/\,\/\/‘V\’\/

50

0 |
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Control Gap — Multiple Compressors

= VSD and Fixed Speed A =120 to 190 CFM

Flow (CFM) vs Time

450

400

350

300

250

200

150

100

50

0 |
8:00 AM 9:40 AM 11:20 AM 1:00 PM 2:40 PM 4:20 PM 6:00PM  tlas Copco



Control Gap — Multiple Compressors

= VSD and Fixed Speed A = 360 to 430 CFM

Flow (CFM) vs Time
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Comparing VSD Compressor Efficiencies

= Sample CAGI sheet

Atlas Copco
| COMPRESSOR DATA SHEET

Eotary Compressor: Variable Frequency Drive

MODEL DATA - FOE COMPRESSED AIR
1 Marmfactmar: Aty Copro
Mode]l Membar: GAITVSD+175 AP Dhate: SL2016
2 Air-cooled I:l Watar-cooled Typsc Srew
Dil-injected. I:I il-Ees 2 of Spes: 1
3 Rated Oparating Pressurs 125 pig’
4 Drive Motor Mozminal Rating £ -]
3 Dirive Motor Noomiml Efficiancy 96 peTcent
& Fan Motor Komiml Rating (if applicabla) 13 b
7 Fan Motor Nomriml Fficiancy 73 peTcent
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Comparing VSD Compressor Efficiencies

= CAGI VSD Efficiency Curve

Specific Power (KW/100
Input Power (kW) Capacity (acfm)™? d
acfm)
472 Max 255.7 18.4
44 8 2436 18.4
®
8 330 176.3 18.7
26.6 139.1 191
204 101.7 20.0
17.6 Min 84.2 20.8
9* Total Package Input Power at Zero Flow™ 4 1.1 KW
350
300
5Z .
207
22 e —
10 =
150
10.0 T T T T T T T T T T 1
0.0 25.0 50.0 75.0 10800 1250 15000 175.0 200.0 1250 2500 2750
Capacity (ACFA)
Note: Graph is only a visual representation of the data in Section 8
Note: Y-Axis Scale, 10 1o 35, + 5kW/10{0actm increments if necessary above 35
-Axis Scale, 0 to 25% oVer maximum Capacity
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Which compressors to choose?

= Most efficient
= Widest turndown

= Flattest efficiency curve

= Will allow your system to run the most efficiently in the widest range of different
flow demands and avoid falling into the control gap

Alilas Copco



Multiple compressors with a single VSD

= |f we chose VSD which can be turned down to 30%

= Useal7/0CFM VSD

450

Flow (CFM) vs Time
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Multiple compressors with a single VSD

= 170 CFM VSD, 150 CFM Fixed Speed , 100 CFM Fixed Speed

450

Flow (CFM) vs Time
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Control Gap — Multiple Compressors

= Previous example with 40% Minimum speed

Flow (CFM) vs Time
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Control Gap — Multiple Compressors

= New VSD with 30% Minimum speed

= No Control Gap
Flow (CFM) vs Time
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Thank youl!

Steve Bruno

Product Marketing Manager
Oil Injected Screw Compressors 30kW — 90 kw and Controls

Atlas Copco Compressors LLC
803-817-7223
Steve.Bruno@us.atlascopco.com
www.atlascopco.us

COMMITTED TO SUSTAINABLE PRODUCTIVITY
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COMPRESSED AIR

BEST PRACTICES

airbestpractices.com

How to Size VSD Air Compressors

Q&A

Please submit any questions through the Question
Window on your GoToWebinar interface, directing them
to Compressed Air Best Practices Magazine. Our panelists

will do their best to address your questions, and will
Sponsored by

follow up with you on anything that goes unanswered EEEEEEE—
during this session. Thank you for attending! fltlas(‘opco
]

For your free subscription, please visit
www.airbestpractices.com/magazine/subscription.



http://www.airbestpractices.com/
http://www.airbestpractices.com/magazine/subscription

—COMPRESSED AIR =
BEST PRAGTIGE

airbestpractices.com

Thank you for attending!

The recording and slides of this webinar will
be made available to attendees via email
later today.

PDH Certificates will be e-mailed to
Attendees within two days.

Sponsored by
I

Atlas Copco

For your free subscription, please visit
www.airbestpractices.com/magazine/subscription.



http://www.airbestpractices.com/
http://www.airbestpractices.com/magazine/subscription

BEST PRAGTIGES

2018 EXPO SEPTEIVIBER 17-19 CHICAGO O’HARE, IL

COMPRESSED AIR / VACUUM / COOLING
CABPEXPO.COM

THE INAUGURAL 3-DAY CONFERENCE & EXPO!
IMPROVING PLANT PROFITABILITY THROUGH INDUSTRIAL UTILITY OPTIMIZATION

Industry self-provides the key industrial utilities of compressed air, vacuum, blower and cooling.
BEST PRACTICES 2018 EXPO focuses on the significant opportunities presented by these inter-
related utilities, to reduce kW and water intensity — per unit of production.

For more information and registration, please visit www.cabpexpo.com.

Date
September 17-19, 2018

Location
Chicago O’Hare Crowne Plaza Hotel


http://www.cabpexpo.com/

COMPRESSED AIR

ESTPRACTICES

airbestpractices.com

February 2018 Webinar:
5 Installation Tips for Flow and kW Meters

Sponsored by

5] "'#
INSTRUMENTS

Tim Dugan, P.E.

Compression Engineering Corporation
Keynote Speaker

Thursday, February 22, 2017 — 2:00 PM EST
Register for free at
www.airbestpractices.com/magazine/webinars



http://www.coolingbestpractices.com/magazine/webinars
http://www.airbestpractices.com/

