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Handouts

Engineering Services 
2017 

 

▪ 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 development of potential opportunities and 

solutions 

o Energy efficiency measure selection 

o Data-logging 

o Data-reduction 

o Analysis and simulation 

o Project budgeting 

o Report writing 

o Peer review 

o Commissioning 

o Inspection 

o Re-tuning/re-commissioning 

o Energy management 

 

▪ 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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Outline

• 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



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- VSD

• 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 

System w- VSD

#4#3#10#11

AC1
Old 150hp 
Modulating 

Compressor Old Heatless 
Regenerative 

Dryer
1500 scfm

AC2

150hp Newer 
Load-Unload 
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Target 
Sequencer-
For VSD & 

Fixed 
Speed

New 300hp VSD 

Compressor

Old Compressor Room

to Plant A

2,000 
gal. 
tank

Storage 
(Est 5,000 

gal)

P2

P3

New Blower 
Purge 

Regenerative 
Dryer

1500 scfm

P1

to Plant B

2,000 
gal. 
tank

New Compressor Room



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)



Develop a Good 

System Flow Profile

• 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

• Determine 

Variance in All 

“Modes”

• Look for 

Similar Min-

Max Ranges

• Determine 

How Many 

Ranges to 

Map to
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Size VSD Compressor

Example 1:  Equal Sizes

• Example 1:  

Assume Same Size 

Trim and Base, 

1300 acfm/ea

• Low Flow: VSD 

Cycles

• High Flow, VSD in 

Sweet Spot

• Look Out for Mid 

Zone, 1300-1800 

acfm, “Dead Band

• Equal OK for             

“2 Mode” Profile .  

BAD in Mid Range 
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Size VSD Compressor

Example 2

• Example 2:  

Assume (2) 750 

acfm Base

• Low Flow, VSD 

Cycling

• High Flow, After 

2nd Base Starts, 

VSD Swings 

Back, Cycling

• Small Base-

load GOOD, 

Watch VSD Low 

Range
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Size VSD Compressor

Example 3

• 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 

Use Flow-based 

Controls
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Summary – Sizing 

Criteria

• Ideally, 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



System Control 

Issues

• 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 

compressors, 

running and 

loading only the 

minimum number 

required.  



Target Algorithm

• 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.



Custom Algorithms

• Flow-based

• Load-sharing

• Hybrid base-trim



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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Comparing VSD Compressor Efficiencies



▪ Comparing VSD Compressor Efficiencies

▪ Importance of a Flat Specific Power Curve

▪ Misconceptions of VSD compressors

Agenda
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▪ How efficient is your air compressor?

▪ WWW.CAGI.ORG

Comparing VSD Compressor Efficiencies
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▪ Sample CAGI sheet

Comparing VSD Compressor Efficiencies
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▪ Sample CAGI sheet

Comparing VSD Compressor Efficiencies
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▪ Sample CAGI sheet

Comparing VSD Compressor Efficiencies
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▪ Performance at rated PSI  (125psi)

Comparing VSD Compressor Efficiencies
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Comparing VSD Compressor Efficiencies

32

Compressor A Compressor B

Input Power Capacity Specific Power Input Power Capacity Specific Power

(kW) (acfm) (kW/100cfm) (kW) (acfm) (kW/100cfm)
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Comparing VSD Compressor Efficiencies

33

▪ How much money will I 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



Importance of a Flat Specific Power Curve

34

▪ 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.
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Not needing any storage downstream from a VSD

Misconceptions of VSD compressors

35



Not needing any storage downstream from a VSD

– VSDs can mirror demand if changes are very slow

– System pressure will be remain stable

Misconceptions of VSD compressors

36

System Demand

Drive Speed



Not needing any storage downstream from a VSD

– VSDs cannot react instantaneously to rapid changes in demand

– System pressure will vary widely

Misconceptions of VSD compressors

37

System Demand

Drive Speed



Not needing any storage downstream from a VSD

– Installing a receiver will dampen the effect of system demand

– System pressure will remain steady 

Misconceptions of VSD compressors
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System Demand

Drive Speed



▪ Oversizing a compressor

– Most common reason for failures of VSD compressors

– Compressor oil does not heat up

– Condensate is not removed from oil

– Oil’s ability to cool, seal and lubricate the airend is diminished

– Lower speed = lower motor cooling = motor overheating

– Wasting money

Misconceptions of VSD compressors

39
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Don’t size a compressor on what you hope to grow into.

Buy for what you know that you’ll need.

Misconceptions of VSD compressors
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Thank you!
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Why flow measurement?
The air consumption fingerprint
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VPInstruments
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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.
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Keep your factory in shape!

- Make the right choices based on facts

- Reduce leakage and associated energy costs

- Eliminate excessive demand

- Allocate costs

- Measure flow, pressure and temperature together

©2017 Van Putten InstrumentsBV. www.vpinstruments.com 4

Why install a flow meter?
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Where to install a flow meter?

?
$$$ ? ? ?

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

Compressor discharge:
• Trend compressor performance over time
• Monitor efficiency (flow/ power input)

After receiver:
• Trend the entire demand side
• Alarm on excessive flows
• Allocate costs
• Determine leakage baseload

©2017 Van Putten InstrumentsBV. www.vpinstruments.com 8
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Where to install a flow meter
Common challenges

Compressor discharge:
• Short pipe: flow profile issues
• Undersized pipes
• Wet air/ condensate: misreadings
• Too hot: misreadings

After receiver:
• Short pipe: flow profile issues
• Reverse flow: use bi-directional
• Oversized/undersized pipes

i After the receiver is the  
best place for demand  
profile recording

©2017 Van Putten InstrumentsBV. www.vpinstruments.com 9
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Challenges
Common challenges top 3:

1.
Pipe “spaghetti”  
Short meter run:
• Swirl
• Distorted flow profile

Solution:
• Relocate
• Change pipework
• Conditioners  

(Pressure loss)

©2017 Van Putten InstrumentsBV. www.vpinstruments.com 10
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Challenges
Common challenges top 3:

2.
Wet Air
Condensate + wrong flow meter technology: troubled “view”

©2017 Van Putten InstrumentsBV. www.vpinstruments.com 11

Solution:
• Differential Pressure or Vortex
• Relocate
• Redesign the pipework
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Challenges
Common challenges top 3:

3.

Solution:

Reverse flow (multiple receivers)

• Mistaken for consumption
• Wrong accounting
• Wrong compressor sizing

• Bi-directional flow meter

©2017 Van Putten InstrumentsBV. www.vpinstruments.com 12
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VPFlowScope M

Ethernet

4..20 mA

USB

PC/ Laptop

VPA.5030.020

Junction box

indicator

RS485 Modbus RTU

VPVision/ EMS

Alarms

How to capture the data
From data logging to real time monitoring
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Quick scan/ audits:
• Integrated display and data logger

• PC Software/ spreadsheet

Permanent:
• “Old school”: 4 ... 20 mA/ pulse to DCS or BMS

• Advanced: Modbus RS485

• Industry 4.0: Ethernet or Wi-Fi

©2017 Van Putten InstrumentsBV.

How to capture the data
From data logging to real time monitoring
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What’s your factory fingerprint?
Histograms: Another look at consumption data

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

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



Permanent energy monitoring software
Provides real-time insight, alarms and reports

Why Permanent monitoring ?
• Easy tracking of efficiency and savings potential
• Permanent monitoring = key to leakage management
• Motivational tool with real-time dashboards
• Tailor KPI’s towards needs and interests
• ISO 50001 compliance (automated reports)

©2017 Van Putten InstrumentsBV. www.vpinstruments.com 16
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Tips & conclusions

©2017 Van Putten InstrumentsBV. www.vpinstruments.com 17

• Define your goal, then decide on equipment

• Location of flow meter is very important

• Analyze and visualize data: KPIs, 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/

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


Webinar special offer:  
Insertion probe start kit +  
VPFlowScope In-line
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Tel: +31 (0)15 213 1580
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www.linkedin.com/company/vpinstruments

©2017 Van Putten InstrumentsBV.

Thank you!

mailto:Pascal.van.putten@vpinstruments.com
mailto:Nietin.somaroe@vpinstruments.com
mailto:Sjim.jansen@vpinstruments.com
http://www.vpinstruments.com/
http://www.facebook.com/vpinstruments/
http://www.linkedin.com/company/vpinstruments


Q&A

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

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 
anything that goes unanswered during this session.

Thank you for attending!
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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.
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