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Energy analysis services:
For industrial compressed air, process vacuum, 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

Energy eﬂluenw measure selection
Data-loggi

Data-r reductlun

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

ENERGY

INSTRUMENTS

MANAGEMENT

SOLUTIONS

For compressed air and industrial gases

VPINSTRUMENTS.COM
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All rights are reserved. The contents of this publication may not be reproduced in
whole or in part without consent of Smith Onandia Communications LLC. Smith
Onandia Communications LLC does not assume and hereby disclaims any liability
to any person for any loss or damage caused by errors or omissions in the
material contained herein, regardless of whether such errors result from
negligence, accident, or any other cause whatsoever.

All materials presented are educational. Each system is unique and must be
evaluated on its own merits.
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why Both Flow + Power Metering?
Flow Meter Installation Issues
Power Meter Installation Issues

Tracking Compressor Room
Performance

Tracking System Usage
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Why Install Both Flow

and Power Meters?

 Money In: Electricity

o Useful Power Out:
Pneumatics




» Why Flow & kW Meter

¢« Compressor Room?

« Track Overall Compressor Room Efficiency:
— In US: scfm/kW or kW per 100 scfm
— Sl kKWh/nm3

 Why Trend? Is an Audit Enough?
— Dynamic Issues in Compressor Room:
— Controls Change, Affecting Efficiency Dramatically
— False Loads Change, Also Affecting Efficiency



- ’ Flow Meter
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Installation Issues

« Simple Systems:

* One Permanent Trending Flow Meter After
Dryer

* One Portable Data-logging Meter for
Temporary Measurement

« Consider “Hot-tapping”
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Installation Methods:

Hot Tap

Slightly loosen
fitting
Open valve

Push meter to
bottom of pipe

Back meter out
Y5 of pipe
diameter
Straighten meter

Adjust cable &
tighten fitting
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Installation Issues

* Piping Network, “Looped”:
* “Double tap™ metering recommended, bi-

directional
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* Piping
Network,
“Linear”:

* “Double tap”
metering
recommended,
single-
directional

Flow Meter
Installation
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Installation Issues

« Common Issue In All Examples:
 Don’t Try to Measure Every Load
« Use Subtraction to Determine Flow to an Area
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Installation Issues

* For Fully-loaded Motors, Current is a
Good Proxy for Power.

e For Unloaded Condition, Current is a
Poor Proxy for Power. Large Variations
in “Power Factor”.

 An Important KPIl is Reduction of No-
Load Power Waste.

e Power Measurement is More Accurate.

E» Conaession Exciveeas Corporaton
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Installation Issues

e Minimum Cat Il

Rated Power . > 410 20mA or Pulse Output
Meter | T ~— BlackCT

* True RMS Power .
Meter -

» 3-phase Meter |
-Requires (3) CTs E
and (3) Voltage
Clamps

E» Commaession Encineeaine (onponaTion

V



 Don’t Connect Voltage Leads on Live
Load

 Have Electrician Install Meter & Require
Them to Follow Safe Practices

=N Compnession ExciveennG [ oRPoRaTioN



Tracking Controls w-

Performance Curve

Measure Total Flow
Measure Total Power
Scatter Plot Power vs Flow at Commissioning

Track Deviation From That Curve

— VFED Operation — Is it Always “Trim”?

— Sequencer Operation — Excessive Idling?
— Control Band — Short-cycling?

— Controls “Slope” - How Well do Controls “Shave”
Power With Reduced Flow?
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=, ’ Example System
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* (1) 400hp VFD Compressor

* (1) 200hp Fixed Speed Compressor
« Refrigerated Air Dyers

* (1) Regenerative Nitrogen Generator

N2 Generator Switching Caused Regular “Blips”
In Flow Demand, Difficult to Tune Compressor
Controls Optimally

« Detailed Audit Showed Problem, After Analysis
* Overall Flow and Power Plot is Better Way



y} Example Curve
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=, .’ Tracking Usage
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« Complex Systems Have Big Supply — Demand
Disconnect:

— Flow Reduction in System Might Not Be Seen at
Compressor Room Due to “Noise”

— Departments Are Segregated — Cost Responsibility for
Usage Can be Different than Generation

* Piping Runs Might be Too Short in Compressor
Room for Flow Metering

* 100% System Flow Metering is Not Possible

* The Most Important Usage Might be the One You
Can’t Meter...
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* Area of Concern is Less Than 20% of System
Demand — You Think

* Project Reduces Flow 50% in That Area

* 10% Too Small to See and Quantify at Main
Compressor Flow / Power Meters

« Use Hot Tap Meter Pre-Post for Area
« Determine Drop in Average Flow
* Assign Savings by the Flow Change and “Slope”™:

 Reduced Energy = Reduced Flow / (scfm/kW
slope) x hrs/yr



After Metering “All" Demands, Total Flow is Far
Less Than Compressor Room Flow.

This Has Happened on my Last Two Large
Metering Projects.

Not a Loss. You Don’t Know Where Waste is
Until You Start Measuring

The Difference Between Compressor Room and
Total System Flow Is a Valuable Metric. SCADA
System Can Track It.



500

450

400

350

300

250

Power, KW

200

150

100

50

System Performance Curve

Slope Flattens
Cycling Losses

Close to Ideal
1:1 Slope

500 1000 1500 2000 2500 3000

Flow, acfm

# Existing ® [deal



—

b 9

S

< ’ Conclusions
Q-

« Measuring BOTH Power and Flow is Needed.

 Installing Flow Meters in the Best Place is
Somewhat Trial and Error

* Power Metering is Most Accurate Way to
Quantify Losses Due to Controls

* Power Meters Must be Safely Installed

« Two Calculations Are Important:
— Flow Change
— Power/Flow Slope
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< Thank you
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Tim Dugan
Compression Engineering Corporation

503-520-0700
tim.dugan@comp-eng.com
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ldentify optimization opportunities
Turn measurement data into energy savings

Pascal van Putten, CEO
VPInstruments

Compressed Air Best Practices® Magazine
Webinar Feb 2018

©2018 Van Putten Instruments BV. www.vpinstruments.com 1
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Common challenges

- Which signals to measure

- Flow, Pressure, Temperature, kW, Dew Point

- Understanding measurement uncertainties and
their causes

- Relating measurement results to real issues

©2018 Van Putten Instruments BV. www.vpinstruments.com 2



Where to install your sensors
What’s your goal?

Compressor performance:

Amp meter (or kW meter) .
Flow meter .
Pressure sensor .
Temperature sensor .

Weather/ ambient pressure

Flow meter
(wet air)

kW meter
.
—
[° | E‘
ko)

Compressor Dryer

Dew point
sensor

©2018 Van Putten Instruments BV.

INSTRUMENTS

Demand side:

Flow

Pressure / pressure drop
Temperature

Dew point

Flow meters
(dry air)

e
o | LT

Installation points
\ / are not to scale

Receiver tank

www.vpinstruments.com 3



Understanding measurement uncertainties

Key to the right conclusions

Total Measurement Uncertainty (TMU):
e See ISO 17025 and similar directives
e Get familiar with the basics

U=SQRT(U12+U22+U32.. )

Compressor performance example TMU’s:

*  Amp meter (or kW meter) 1< 1% f.s.
-kW from amps vs real kW?
*  Flow meter ' +/- 5%

* Inner pipe diameter

* Flow profile

* Temperature
* Pressure sensor :+/-0.5% f.s.
* Temperature sensor . +/- 1 degree
Weather/ ambient : +/- 20 mbar

©2018 Van Putten Instruments BV.

Trueness high

T
INSTRUMENTS

Precision high

www.vpinstruments.com 4
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Understanding measurement uncertainties
Key to the right conclusions

Some tips

 Know the uncertainty of all equipment involved

* Do not debate anything +/- 1%, first estimate the TMU

e System conditions can change: measure long enough
 Take seasonal/ weather/altitude influences into account

“Your average air consumption is 30.397 SCFM”
Should be re-phrased properly:
Your air consumption is 30 SCFM* +/- 5%, or:

Your air consumption is between 28.5 and 31.5 SCFM*

*Reference conditions: 68 F, 0% RH, 14.73 Psi(a)

©2018 Van Putten Instruments BV. www.vpinstruments.com
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1. Pressure issues
Optimize the control system

e Typical graph: Pressure drop over equipment

e Reasons: Receiver too small, Filters too small or internally polluted, pipe
diameter too small for required demand, Control valve not properly tuned.

* Three in one flow meters can monitor system behavior

Flow, Pressure, Temperature

B 7T
Q0

Production 1

Heater Heater

‘ | Production 2

©2018 Van Putten Instruments BV. www.vpinstruments.com 6
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1. Pressure issues
Optimize the control system

Typical graph: Pressure varies significantly with flow
Reasons: Receiver too small, Control system not properly tuned, pipe size too small

Differential pressure

T i S

| o020

000

1000

1000
oo 02b
,2 bar
am omo < 0.2 bar
RS R R R R R e R R R R T R T " B NETQ R

0420

©2018 Van Putten Instruments BV. www.vpinstruments.com 7
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2. Dryers: Temperature
Large temperature swings or peaks

Symptoms:

e Temperature varies with demand or large temperature peaks

* Temperature difference before/ after dryer starts to increase when demand increases
e Reasons: Malfunctioning dryer, dryer too small for demand

Flow
9K

Flow, Pressure, Temperature

,:TK
H
6K

Y

1 Jan1 Jan 21 2
Pressure
T2
10
S6s
Bos
Heater Heater o
6.2
1 21 Jan 2
Temperature
60
5 - | [ ]
Compressor =
Y4 1
ki ‘ kﬂl‘, RSN P N S |
P Al \w‘r\“’\\-\,‘fl o hin e k. R R PN S Tae e Y R i \W‘L”U Vo e !
U VS U '
n 25
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temperature Enamel degF

pressure Enamel psi

L\

195
175
155
135
115

95

75

Flow, Pressure, Temperature

Temperature

Temperature difference before/ after dryer starts to increase when demand increases

Temperature varies with demand or large temperature peaks
Reasons: Malfunctioning dryer, dryer too small for demand

Compressor

Large temperature swings or peaks

2. Dryers

Symptoms

www.vpinstruments.com

©2018 Van Putten Instruments BV.
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3. Demand side: production equipment
Revealing the savings opportunity with flow measurement

See the effects of lower pressure on air demand
See difference between nozzles

Open blow pipes (two bolts used to shut off)

> ~
“V‘ﬁ, .
£

Engineered nozzle

www.vpinstruments.com



3. Demand side: production equipment
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Revealing the savings opportunity with flow measurement

* Savings: 9 K USD per year
* Flow meter with integrated pressure sensor
* Real ROl calculation

350

300

250

200

150 -

100

50

—Silvent 6x (m3n/h) —Open blow -3 way —Open blow -5 way

Air consumption (m3n/h)

| | |

9 @Y m N g @Y TN Om YT N Q@RS O®m Y TN g RY TN Mo r~
Mg dadaagaNlodanna g NodAamT ki I s B s B B O~ mom g W
Sogg8ddddrdddd AN dddd DA A dAd@mes g0 0 808K eRRReS
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4. Bi directional flow measurement

INSTRU

Directing you towards the right conclusions

* Reverse flow: expensive mistakes
* Non return valves
e Receiving tanks

Oscillation? =P Leak?

©2018 Van Putten Instruments BV.

60

50

40

30

20

10

60

50

40

30

20

10

-10
-20

-30

Uni-directional flow meter: reverse flow not
detected

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Uni-directional flow meter: reverse flow detected

16 17 18

www.vpinstruments.com
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5. Receivers
Receivers are great signal filters

* Receiver tank: input is equal to output....
e Qutput is filtered

: . . The effect of a large receiver
e Large receiver = large signal filter

 Downstream : filtered o
e Upstream: unfiltered 1000
800
400

O
T

T AN N AN O AN INDM AN AN MO oA N
AN NN O AN OO0 NN OANSONOOEA MWW O
I A A A A AN AN NN AN OO N
7 e |Jpstream m3/uur(FAD) e Downstream m3/uur(FAD)

©2018 Van Putten Instruments BV. www.vpinstruments.com 13
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Tips & conclusions

 Be alert/ reasonable on measurement uncertainties
e Combining signals reveals more savings
 Knowing the PID = Crucial for analysis

* Hire an expert/ auditor to help

©2018 Van Putten Instruments BV. www.vpinstruments.com 14
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5 Installation Tips for Flow and kW Meters

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
follow up with you on anything that goes unanswered
during this session. Thank you for attending!
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For your free subscription, please visit
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.
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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
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