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Energy analysis services:
For industrial compressed air, pneumatic conveying, process
pumping, industrial process cooling and other similar electric
motor-driven rotating machinery systems

o

Walk-through and of potential and
solutions

Energy efficiency measure selection
Data-logging

Data-reduction

Analysis and simulation

Project budgeting

Report writing

Peer review

Commissioning

Inspection
Re-tuning/re-commissioning
Energy management

00000000000

Project technical services:
o Control system specification
o P&ID development
o Equipment layout and piping design
o Ventilation design
o Submittal review
o Commissioning

Miscellaneous services:
o Performance testing
o Tuning and re-tuning
o Leak assessments
o Remote monitoring of key performance indicators
o Project management
o System start-up assistance and trouble-shooting
o Standards and procedures development
o_Training
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Why Install a VSD Compressor?

Best Practices for Integrating VSD
Compressors Into Systems

Best Practices for VSD Compressor
Sizing

Best Practices for Master Controls with
VSD Compressors in System

E» Conaession Exciveeas Corporaton



Why Install a VSD

Compressor

« All Systems Have Flow Variance

* All Systems Should have a “Trim”

Compressor, to Follow the Typical Variance,
and Others be Base-load

« Trim Compressor Technologies Include

Variable Speed (VSD), Variable Displacement,
and Load-unload.

* For Lubricated Screw Compressors, the Most
Efficient Part-load Control is Variable Speed



Best Practices,

System Design w- VSL

* Integrate All Compressors into Common
-Header

* Install a Master Control System for All
Compressors

* Implement the Proper Algorithm, Based
on Size, Location and Types of
Compressors




Good Example of

Old Compressor Room
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Old 150hp
Modulating
Compressor
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Best Practices, Sizing

VSD Compressor

* Develop a Good Flow Profile

* Determine Flow Ranges for “Trim”
Compressor(s)

* Size VSD & Base-load Compressor(s)
From Variance & Base-load Size(s)



Flow, acfm
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Develop a Good

System Flow Profile

=== TOTAL FLOW (SUM OF DRY SIDE FLOW METERS)

Use Flow
Meters If
Possible

Measure
‘System” Flow

Or Calculate
System Flow
Correctly
From Amps

Convert to
“acfm”

Smooth Out
“Noise”



Determine Flow

Ranges for Trim

2800

2600

2400

2200

2000

1800

1600

acfm

~ 1400

Flow,

1200

High Flow Range, 1700-2500 acfm
Average = 2,050 acfm

= TOTAL FLOW (SUM OF

DRY SIDE FLOW METERS)

Determine
Variance in All
“Modes”

Look for
Similar Min-
Max Ranges
Determine
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TOTAL FLOW VERSUS CONTROL STRATEGY
W-VSD TRIM & SEQUENCING BASE-LOAD, EQUAL SIZED

3500
On Decreasing Flow
VFD Will be at Min Speed and Cycle
(load-unload or start-stop)
3000 Tune to Avoid Derd-Band
2500 \ g’? 5
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Example 1:
Assume Same Size
Trim and Base,
1300 acfm/ea

Low Flow: VSD
Cycles

High Flow, VSD iIn
Sweet Spot

Look Out for Mid
Zone, 1300-1800
acfm, “Dead Band

Equal OK for

STRATEGY 3, MAX FLOW STRATEGY 2, MAX FLOW —STRATEGY 1, MAX FLOW — FLOW h ¥y -
2 Mode” Profile .

BAD in Mid Range



Flow (acfm)

Size VSD Compressor

Example 2

TOTAL FLOW VERSUS CONTROL STRATEGY

[ ]
W-VSD TRIM & SEQUENCING BASE-LOAD, SMALL
3500
VFD CYCLING ZONES
3000 A
/ \ 75 .
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2500 / Rz
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STRATEGY 3, MAX FLOW STRATEGY 2, MAX FLOW —STRATEGY 1, MAX FLOW — FLOW |

Example 2:
Assume (2) 750
acfm Base

Low Flow, VSD
Cycling

High Flow, After
2hd Base Starts,
VSD Swings
Back, Cycling
Small Base-
load GOOD,
Watch VSD Low
Range



Flow (acfm)

Size VSD Compressor

Example 3

TOTAL FLOW VERSUS CONTROL STRATEGY
W-VSD TRIM & SEQUENCING LARGE BASE-LOAD
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DEAD-BAND ZONE VFD CYCLING
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Example 3:
Assume (1) 2,000
acfm Base

Low Flow, VSD
Cycling
Mid Flow, Base-

load & VSD Cycle,
Unstable

High Flow, VSD
Cycling

Large Base-load
BAD, Avoid Or

STRATEGY 3, MAX FLOW

STRATEGY 2, MAX FLOW ——STRATEGY 1, MAX FLOW

— FLOW

Use Flow-based
Controls



Summary - Sizing

Criteria

* |deally, Size VSD Compressor so its
"Swing Range” is >= Largest Base-load
Compressor Capacity, Usually about
1.5X BL acfm

* If not Possible, Consider 2+ VSD
Compressors in a “Trim Set”



Integration and

Master Control

Common Header, Wet Side Preferably

If Dry Side, Move VSD Pressure Sensing to Dry
Side

Use “Target” Algorithm if VSD Sized Right

Use “Flow-based” Algorithm if VSD is Small
Cluster Multiple VSDs as “Trim” if Needed
Remote Set Point for VSD, in “Target”

All Other Compressors are “Base-load”

Have “Knobs” for Tuning



VSDs Are “Proportional Control” in Speed
Range, and “Cycle” at Min Speed.

Coordinate VSD and All Base-load Set
Points w- Master Control, Avoid Local
Control.

All Compressors Must Sense Pressure at
Same Point.

Commission Well. Test and Tune Controls
In Ranges Where Comps Shift.



Introduction to

Sequencers

‘& * Sequencers
#  optimally stage
multiple industrial
COMpPressors,
running and
loading only the
minimum number
required.




* Managing the running
and loading of all
COmpressors in one
range surrounding a
target pressure. This
IS done with either
timers, rate-of-
change, or other
methods.
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=, .’ Conclusions
@

« System Design

— Common Header, Full Integration, Master Control,
Commission Well

— Simplify, Avoid PFCs Unless Master Controls Require
« VSD Compressor Sizing

— Match to Flow Profile, VSD 1.5 x Base-load

— Consider Multiple VSDs if Not Big Enough
« Control Algorithm

— Target sequencer for VSD >1.5x BL

— Flow-based or Load-sharing controls for smaller VSD
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Agenda

= Comparing VSD Compressor Efficiencies
= Importance of a Flat Specific Power Curve

= Misconceptions of VSD compressors

Alilas Copco



Comparing VSD Compressor Efficiencies

= How efficient is your air compressor?

Performance
Verification

Working With
Compressed Air

Technical & Media Q

Membership Resources

Education

cAG About
(ompreszd At G2 Insane ?

Home = Performance Verification > Data Sheets

= WWW.CAGI.ORG

Performance
Verification
Overview

Data Sheets

Dryer Participant
Directory

Data Sheets:

The members of the Rotary Positive
Compressor, Air Drying & Filtration, and Blower
Sections have developed standard formats for
reporting performance a= 3 service to end users
of compressed air system equipment. All
participating members of these sections have
agreed to use the standardized reporting forms,
known as CAGI Datasheets, and have agreed to
post the sheets on their websites.

For further information, and to view sample
shests, click on the following:

Background Information

Refrigerated Compressed Air Dryers
Rotary Compressor

Rotary Varizble Frequency Drive

#=| Compressor

B Centrifugal Compressors

Elowers

To view sheets on CAGI member websites, click on the following:

COMPRESSORS DRYERS
Atlas Copeo Alas Copco
BOGE domnick hunter
FS Curtis SPX
Gardner Denver Sullair
Ingersell Rand Zeks
Kaeser
Mattei
Quincy
Sullair
Sullivan-Palatek

ELOWERS

Aflas Copeo
Kaeser Compressors

Atlas Copco



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
Tt Powvar (KT Capacity {acfes)" ¥ tﬁn“u‘“ s
471 Mo 134
\ 45 436 154
# 330 176.3 18.7
166 1331 181
04 101.7 Pl ]
176 N 84.2 i k]
g Total Package Input Powar at Zaro Flow™* 11 W
s
ar
T .
i -
ii
£ =
10 = —_—
.‘-\ na wc na g 3a HE na =mc el e o
[
St w0 vl o st o b i §
[ SO T T TN S ————————T
ERFE R T e—————r

*For muxlely that sre kesad in the CACH Pefurmanee Visification Progren, e o me verifiad by progren alsinstruor
Commill CAOT weksste fix a liad of participints iz e ] paty vaiSoalhos progen i
HOTES: ». Mcamared ui ihe chmchurgs derminal poini of the compressor packags o acaordancs wiis
1563 1217, Annex: [, aci inacium] cubic foci per syt o mict conditioss.

Mamnbar: & It ccrabng prossa s whach the Lsuecry ang Liocincal Lonas pos wens massred 507 thas des sheet
£ Ho Laad Power. Is scozréance o .  memurement of n ioadl power ol iom tan P,
17 o e lout repart
o d A . 12 whown in tbls beiows
o * K T'he borres “power” are “erergy” WA ayTEnyTOL Sor porposcs of im documers
CAGI - =
., Voabarse Flow Kate Gpeati Enorgy Mo Lomd | Tare.
bq ol  wwzified coatitcem Wlmme Flow Koo Cormimmion Flaw Frsar
T -
aha o E1imn ® =
Takw il Py
Btanls &7 £
1re1s W -
T b 15 i oy ]
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Comparing VSD Compressor Efficiencies

= Sample CAGI sheet
[

Alitlas Copco

I COMPRESSOR DATA SHEET

Rotary Compressor: Variable Frequency Drive

MODEL DATA - FOR COMPRESSED AIR
1 Manutacturer: Atlas Copco
Model Number: GA3TVSD+ 175 AP Date: 8/1/2016
2 X Air-cooled Water-cooled Type: Screw
X Oil-mnjected Oil-free # of Stages: 1
3 Rated Operating Pressure 125 pSigb
4 Drive Motor Nominal Rating 50 hp
Drive Motor Nonunal Efficiency 926 percent
6 Fan Motor Nominal Rating (if applicable) 1.3 hp
7 Fan Motor Nonunal Efficiency 73 percent
I
Alilas Copco



Comparing VSD Compressor Efficiencies

= Sample CAGI sheet
[

Alitlas Copco

COMPRESSOR DATA SHEET
Rotary Compressor: Variable Frequency Drive

MODEL DATA - FOR COMPRESSED AIR
1 Manutacturer: Atlas Copco
Model Number: GA3TVSD+ 175 AP Date: 8/1/2016
2 X Air-cooled Water-cooled Type: Screw
X Oil-mnjected Oil-free # of Stages: 1
3 Rated Operating Pressure 125 PSigb
4 Drive Motor Nominal Rating 50 hp
Drive Motor Nonunal Efficiency 926 percent
6 Fan Motor Nominal Rating (if applicable) 1.3 hp
7 Fan Motor Nonunal Efficiency 73 percent
I
Alilas Copco



Comparing VSD Compressor Efficiencies

= Performance at rated PSI (125psi)

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

Alilas Copco



Comparing VSD Compressor Efficiencies

Specific Power

(KW/100 acfm)

Compressor A Compressor B
Input Power Capacity Specific Power Input Power Capacity Specific Power
(kw) (acfm) (kW/100cfm) (kw) (acfm) (kW/100cfm)
17.6 84.2 20.8 15.4 56.3 27.4
20.4 101.7 20.0 20.6 90.0 22.9
26.6 139.1 19.1 27.2 123.8 22.0
33.0 176.3 18.7 33.8 157.5 21.5
44.8 243.6 18.4 40.4 191.3 21.1
47.2 255.7 184 47.0 225.0 20.9
35.0
30.0
25.0 \
+
_F .
—— ——0
15.0
10.0
0.0 50.0 100.0 150.0 200.0 250.0 300.0
Capacity (acfm)

Atlas Copco



Comparing VSD Compressor Efficiencies

= How much money will | save?

— At 200 CFM;
= 2.4 kw/100 CFM improvement for 6000hrs will save ~ $3,000

— At 150 CFM;
= 2.5 kw/100 CFM improvement for 6000hrs will save ~ $2,300

Alilas Copco



Importance of a Flat Specific Power Curve

= Each VSD CAGI Sheet will show the efficiency of the compressor at various
speeds.

= You'll want the compressor to have the maximum efficiency at the speed you
will be using it and having

= A flat curve allows for maximum efficiency throughout the entire range.

35.0

30.0

56.3
90

225.0
¢ =

20.0 Py
84.2 L —— e ——® 2557

25.0

15.0

10.0

Specific Power
(KW/100 acfm)

0.0 50.0 100.0 150.0 200.0 250.0 300.0
Capacity (acfm)

Alilas Copco



Misconceptions of VSD compressors

Not needing any storage downstream from a VSD

Atlas Copco



Misconceptions of VSD compressors

Not needing any storage downstream from a VSD

— VSDs can mirror demand if changes are very slow
— System pressure will be remain stable

System Demand

Drive Speed

Aflas Copeoo VED Compressor - Mo Receiver

Atlas Copco



Misconceptions of VSD compressors

Not needing any storage downstream from a VSD
— VSDs cannot react instantaneously to rapid changes in demand
— System pressure will vary widely

System Demand

D rlve S peed Aflas Copeoo VED Compressor - Mo Receiver

\/\ =

mw,,mwm.w | fllasCopeo




Misconceptions of VSD compressors

Not needing any storage downstream from a VSD

— Installing a receiver will dampen the effect of system demand
— System pressure will remain steady

System Demand

VYV

Drive Speed

Atlas Copco VSD Compressor with a Recelver

Atlas Copco



Misconceptions of VSD compressors

= Qversizing a compressor

— Most common reason for failures of VSD compressors

— Compressor oil does not heat up

— Condensate is not removed from oil

— OQil’s ability to cool, seal and lubricate the airend is diminished

— Lower speed = lower motor cooling = motor overheating

— Wasting money

35.0

30.0

Specific Power
(KW/100 acfm)
& 8 @&
o o o

=
o
o

I

o
o

50.0

100.0

150.0

200.0

Capacity (acfm)

250.0

300.0

Alilas Copco



Misconceptions of VSD compressors

Don’t size a compressor on what you hope to grow into.

Buy for what you know that you’ll need.

Alilas Copco



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

Alilas Copco
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Why flow measurement?
The air consumption fingerprint

Pascal van Putten, CEO
VPInstruments

Compressed Air Best Practices® Magazine
Webinar March 30

©2017 Van Putten Instruments BV.
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Contents

* Introduction
* Why install a flow meter?
* Common challenges with flow measurement

* How to capture data
* What to do with data

* Tips & conclusions

©2017 Van Putten Instruments BV. www.vpinstruments.com 2
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VPInstruments

We provide easy insight in energy flows™

We believe that with our easy to use products and monitoring
software, we can help our customers to discover where, when
and how much energy they can save.

©2017 Van Putten Instruments BV. www.vpinstruments.com 3
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Why install a flow meter?

Keep your factory in shape!

- Make the right choices based on facts
| - Reduce leakage and associated energy costs

£ 9 - Eliminate excessive demand

- Allocate costs

- Measure flow, pressure and temperature together

©2017 Van Putten Instruments BV. www.vpinstruments.com 4
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Where to install a flow meter?

L

\

\J

&

www.vpinstruments.com

©2017 Van Putten Instruments BV.
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Where to install a flow meter? E

-~ =
Load/ unload compressor flow (typical)

Compressor output flow (M3/min)

35

30

M1 1 [

s

Lo

e



Where to install a flow meter?

° 0
¥

INSTRUMENTS

o

&onsumpti&n (m3/min),

o

10

7/8/2014

7/8/2014

7/9/2014

7/9/2014 7/10/2014 7/10/2014 7/11/2014

Datun



Where to install a flow meter
What’s your goal?

After receiver:

* Trend the entire demand side
* Alarm on excessive flows

* Allocate costs

Compressor discharge: * Determine leakage baseload

* Trend compressor performance over time
* Monitor efficiency (flow/ power input)

®
N/

©2017 Van Putten Instruments BV. www.vpinstruments.com 8
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Where to install a flow meter
Common challenges :
After receiver:

* Short pipe: flow profile issues

* Reverse flow: use bi-directional
* OQversized/undersized pipes

Compressor discharge:

e Short pipe: flow profile issues

* Undersized pipes

* Wet air/ condensate: misreadings
e Too hot: misreadings

After the receiver is the
best place for demand
profile recording

®
N/

©2017 Van Putten Instruments BV. www.vpinstruments.com 9
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Challenges

Common challenges top 3:

B ey M
- Pipe “spaghetti”
_ Short meter run:
~* Swirl
.« Distorted flow profile

. :
“ .
g

~ Solution:
* Relocate
- » Change pipework
e Conditioners
(Pressure loss)

©2017 Van Putten Instruments BV. www.vpinstruments.com
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Challenges e
Common challenges top 3:

o K e R Ee (A TARTE ] 4
( \ - C( C(\~‘ K ((( . "r(r((f/ ((( ’ / /

\( _ r\ S 3 (« R o (( / r : s
P ol Cc* SRS N TP L e @
P & st G G O

(. . <WetA|r
2 o Condensate+wrong flow meter technology: troubled “view” .
I 4 ('/r'
oS c Solutlon pag e
v B | * Differential Pressure or Vortex ”.. S
i - * Relocate Lo o 0 -
-~ ~ L :

Redesign the pipework

©2017 Van Putten Instruments BV. www.vpinstruments.com 11
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Challenges
Common challenges top 3:

Reverse flow (multiple receivers)

-

. q’.‘.l 5
" :

B % v >
N " -

o
* Mistaken for consumption .'%'5".‘
* Wrong accountin B

S & 2R
* Wrong compressor sizing oy

a’ J

Solution:

. Bi-directional flow meter

©2017 Van Putten Instruments BV. www.vpinstruments.com 12
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How to capture the data

From data logging to real time monitoring

Alarms VPFlowScope M

4..20mA

USB

Ethernet

VPA.5030.020

Junction box

©2017 Van Putten Instruments BV.

RS485 Modbus RTU

INSTRUMENTS

indicator

[
[ —

PC/ Laptop

VPVision/ EMS

www.vpinstruments.com 13
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How to capture the data

From data logging to real time monitoring

Quick scan/ audits:

* Integrated display and data logger
* PC Software/ spreadsheet
Permanent:

e “Old school”: 4 ... 20 mA/ pulse to DCS or BMS
e Advanced: Modbus RS485
* Industry 4.0: Ethernet or Wi-Fi

©2017 Van Putten Instruments BV. ‘
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What's your factory fingerprint?

Histograms: Another look at consumption data

Air compressors, production departments & pneumatic
devices leave unique “fingerprints”

e Histogram is a powerful way to visualize
e Application: Compressor sizing, leak detection

07 4% arm i E e N




Permanent energy monitoring software

Provides real-time insight, alarms and reports

Why Permanent monitoring ?

e Easy tracking of efficiency and savings potential
* Permanent monitoring = key to leakage management
* Motivational tool with real-time dashboards
s o Tailor KPI’s towards needs and interests
e |SO 50001 compliance (automated reports)
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Tips & conclusions

 Define your goal, then decide on equipment
* Location of flow meter is very important

 Analyze and visualize data: KPls, graphs and alarms
- tailor it to specific needs

* Histogram: “fingerprint” of factory or proces

Try online histogram software yourself:

http://www.shodor.org/interactivate/activities/Histogram/

https://plot.ly/create/histogram/
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Pascal van Putten, CEO
Pascal.van.putten@vpinstruments.com

Worldwide contacts:
USA, Menno Verbeek: +312 2393052

ASIA/Pacific: Nietin Somaroe
Nietin.somaroe@vpinstruments.com

Europe: Sjim Jansen
Sjim.jansen@vpinstruments.com

Tel: +31 (0)15 213 1580
Www.vpinstruments.com

Webinar special offer: y
Insertion probe start kit +
VPFlowScope In-line

o www.facebook.com/vpinstruments/

@ www.linkedin.com/company/vpinstruments
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COMPRESSED AIR

BEST PRACTICES

airbestpractices.com

When to Install a VSD Air Compressor
Q&A

Please submit any questions through the Question Window

on your GoToWebinar interface, directing them to

Compressed Air Best Practices. Our panelists will do their best

to address your questions, and will follow up with you on Sponsored by

anything that goes unanswered during this session.
Thank you for attending!

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

For your free subscription, please visit .ﬂ_tlas a)pco

http://www.airbestpractices.com/magazine/subscription.
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April 2017 Webinar:
Benefits & Technology for
Decentralizing a -40 °F Dew Point

Sponsored by

Hank van Ormer, Air Power USA
Keynote Speaker

Thursday, April 20, 2017 — 2:00 PM EST
Register for free at: www.airbestpractices.com/magazine/webinars
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