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Industrial Power Quality

Base Research: PQ
Compatibility (PS1C)

Base Research: PQ Supplemental Research

Knowledge (PS1D) Site Investigations
PQ Resources

PQ Standards

PQ Hotline

PQ Device Sensitivity, PQ
Contribution, & Mitigation

MyPQ website Training
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EPRI 0s I ndustri al Ener gy
Quality Work

A Headed up primarily from Knoxville, we specialize in solving EE &
PQ Problems In all Manufacturing Sectors

A Our Primary mission is to Focus on Reducing End Use Customer
Losses by improving process energy efficiency and PQ through:

e = —

°
K604~

I Testing (lab and field) 2387 | (| OFLIR
i EE & PQ Audits g
I Consulting with OEMs
I Training

I Portable Test Hardware

EPRI Power Quallty and Energy Efficiency Presentation CPE' ELECTRIC POWER
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EPRI Industrial Site Investigations1996-2008

Industry Sites Percentage . .
Sonconducy | | 7 | o S e
F'lEIStiES 13 1D% B Commercial B General Mfr O Chemical
MHEhiﬂiﬂg 12 9':}{:. B Heavy Inudustry B Hectronic Assembly B Textile B Pharmaceutical
Food Pracessing 11 9%
Automotive 10 5%
Awiation 9 %
FaperPrinting g 7%
Fetrochermical b 5%
Commercial o 4%
General Mfr o 4%
(Glass o 4%
Chermical 4 3%
Heavy Inudustry 4 3%
Electronic Assembly 3 2%
Textile 3 2%
Pharmaceutical 2 2%
Total Voltage Sag PO
Investigations 15%6-2008 128
Auerage Per Vear 10

EPRI Power Quality and Energy Efficiency Presentation
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Presentation Outline

A 9 AM - Power Quality:

The Electrical Environment: Common Levels of Power Quality
Voltage Sags and Solutions (use the PQ Investigator)

Power Factor Correction

Harmonics Concerns and Solutions

Case Studies

A Break 2:50 (15 Minutes)
A 10 30 PM - Energy Efficiency:

Reduction of Thermal Losses/Waste Heat Recovery
Upgrading of Lighting Technology and Controls

Use of Premium Efficiency Motors

Efficient Application of Adjustable Speed Drives

Compressed Air Best Practices

Chilled Water Systems

Advanced Technologies

Case Studies

ISO 50001/Superior Energy Performance

FYI'i Use of DOE Industrial Technologies Program (ITP) Tools

A 12:00 PM - Conclusion

EPRI Power Quality and Energy Efficiency Presentation
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PQ Session

The Electrical Environment: Common Levels
of Power Quality

Voltage Sags and Solutions (use the PQ
Investigator)

Power Factor Correction
Harmonics Concerns and Solutions
Case Studies
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The Electrical Environment: Common Levels of
Power Quality



IEEE-1159
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Categories Typical Duration - U wo
Transients Nanosecond > 50 nanoseconds 5 ns rise Peak A Surge
. 50 nanoseconds to . Magnitude, Discharge, presters,
Microsecond | millisecond | prise Rise Time, | Load Switching, |SF(IJ|Lt;'rSIn
. o " 0.1 Duration Capacitor Transfor!;ers
Impulsive Millisecond > | millisecond s rise Switching
Low 0.3 milliseconds <5 KH 0to
Frequency to 50 milliseconds Il 4pu Line/Cable Surge
Waveforms, i
; . Switching, Arresters,
Medium . 5to Oto [Peak Magnitude| ¢, Filter
20 microseconds 8 F apacitor s,
Frequency 500 kHz| Bpu c requency Switching, Isolation
Oscillatory 05 ¢ 0 to OMPONENES | | had Switching | Transformers
High Frequency| 5 microseconds S-MHC; 4pu
Short Instantaneous
Duration 0.5 cycles to 0.1 to Ferroresonant]
Variations 30 cycles Sag 09 pu | RMS ve. Time, Transformers,
Magnitude, | Remote System SE“EFEY
: torage
Momentary o Duration Faules Techn:l'sgies,
30 cycles to
3 st::nnds Sweell 8 pu UPs
. System ;t"c"ﬂsf
emporary " Protection "age
3 seconds to Interruption \/\MNMU\M < 0.1 pu Duration (Breakers, Fuses), Le;gnglz |.
| minute Maintenance Gen.em.orf
Long A AN 08
Duration Undervoltages ) 0.9 to M Seart Volage
Variations > | minue T PY | RMS vs Time, || oty 220008 | Regulators,
= T Load Variations, Ferroresonant
Statistics Load Droppin o
11 to 03 PPINE | Transformers
Overvoltages 2 pu
= | minute
Voltage Unbalance steady state 0.5 to 2%
Waveform DC Offset steady state Oto0.1%
Distortion steady 0 Harmaonic Nonlinear |ieers (active o
Harmonics stare 0 10t020%| Spectrum, Load passive),
100th H Total Harm ads, Transformers
RS Distortion : Rsfﬂem (cancellation or
. to LT esonance TEro sequence
Interharmenics steady state kHz |0to2% [ Statstics compenents)
MNotching steady state
. broad-
Noise steady state band | 0t0 1%
Voltage Fluctuations Intermiteent <25Hz [0.] to 7%
fariation Magnitude]  Intermittent )
. . Frequency of Loads, StaticVar
Power Frequency Variations Occurrence, | Motor Starting, Systems
Mod. Frequency | Are Furnaces

= |0 seconds




Why is PQ Important?

Lo A

Ade

Froafing Room

E

_I'H-
mﬁﬁ

B.nthll.dlg Wadiring
LiESD Al

ANhat happens to a manufacturing process when a power
guality problem occurs?

ANho is to blame?
Adow do we work together to fix the problems?

EPRI Power Quality and Energy Efficiency Presentation l= ELECTRIC POWER
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Interrelated Processes

NO

Is Power
Present?

Process

Exhaust Is Compressed

Air Present?

} | Automated Stop
Air Compressor . Process Is Process Automated
I Cooling Water Process
CONTINUALLY Present?
— - — REPEATED
|
A
Power —B
Source E Are the Exahaust
| Systems Running?
a2V - - Interlocked
Automated
Process
: PCW !
Pump | Is Interlocked NO
e rocess Running?
Process
Power Mechanical
= T T T T Ok to Run
Automated
Process
EPRI Power Quality and Energy Efficiency Presentation CPE' ELECTRIC POWER
RESEARCH INSTITUTE
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Typical Reported Per Event Cost of PQ Disturbance

Reported
No. Process Cost Service Voltage Load
1 Semiconductor $1,500,000 69 kV 25 MW
2 Semiconductor $1,400,000 161 kV 30 MW
3 Semiconductor $ 700,000 12.5kV 10 MW
4 Metal Casting $ 200,000 13.8 kV 16 MW
5 Chemical Plant $ 160,000 12.5kV 5 MW
6 Pulp and Paper Mill $ 110,000 161kV 100 MW
7 Aerospace Engine Machining | $ 100,000 13.8kV 10 MW
8 Food and Beverage $ 87,000 12.5kV 5 MW
9 Chemical Plant $ 75,000 66kV 3 MW
10 Chemical Plant $ 75,000 66kV 5 MW
11 Electronic Components $ 75,000 12.5kV 5 MW
12 Crystal Growth $ 60,000 12.5 kV 1 MW
13 Chemical Plant $ 46,175 66kV 30 MW
14 Wiring Manufacturing $ 34,000 12.5 kV 2 MW
15 Chemical Plant $ 18,000 12.5kV 2 MW
16 Fibers Plant $ 15,000 12.5kV 1 MW
17 Paper and Packaging $ 10,000 12.5kV 4 MW
18 Plastic Bag Manufacturing | $ 10,000 480V 4 MW
19 Plastics $ 7,500 12.5kV 4 MW
20 |Stainless Steel Manufacturing| $ 5,500 12.5 kV 2 MW

EPRI Power Quality and Energy Efficiency Presentation

© 2012 Electric Power Research Institute, Inc. All rights reserved.
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Automotive
Reported as high
as $700,000.
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Reliability/Power Quality Myth 1

AThose annoyi ngo uStasgés ,a md riom
are due to insufficient utility capacity

| especially when it occurs during peak summer
periods

I perception strong in mature or rapidly developing
service areas

I mis-information can add confusion

EPRI Power Quality and Energy Efficiency Presen tation CPE' ELECTRIC POWER
=
RESEARCH INSTITUTE

© 2012 Electric Power Research Institute, Inc. All rights reserved. 13



Reliability/Power Quality Reality 1

A Those annoying Sags and interruptions are most
likely due to distribution faults and short circuits

I interruptions (O to 10% of nominal volts)
Amomentary in duration (up to 5 minutes duration)
Asustained or extended duration (> than 5 min.)

I voltage sags (10-90% of nominal volts)

Alesul ting from fault cl es
circuits

EPRI Power Quality and Energy Efficiency Presen tation ELECTRIC POWER
=
. =PI | ek INSTITUTE

2012 Electric Power Research Institute, Inc. All rights reserved. 14



Outage or Sag ?

Customer B
Customer A H
| e Y o [ e |
|_| 0
Customer C

M Utility Substation Sag I
- i

B
- *? Fault

EPRI I

© 2012 Electric Power Research Institute, Inc. All rights reserved. 15 _ _ e



Targeting by Cause

Equipment Failure (29%

Foreign Interference (16%

Florida

Unknown Vehicle
11% 1% Animal
14%

Underground
Secondary/Senice

0% Birds

3% Connector Failure
4%

Construction Equipment
0%

Underground Primary Cable
7%

Tree Preventable

gc
4 Defective Equipment
12%
Dig-In
Tree Non-Prewventable 19
6% \Human Error - Public
System Undetermined 1%
0% Human Error - FPC/Contractor
Storm/Wind Lightning 1%
13% 13%

1% X
Owerhead Secondary/Senvice

Right-of-Way 0%

0% Overload
1%

EPRI Power Quality and Energy Efficiency Presentation
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By Occurrence

)

)

Tree Contacts (13%)
Unknown (9%)

)

Northwest US

By Hours Out
1 Tree Contacts (27%)
Weather (21%)
Equipment Failure (18%)
Foreign Interference (14%)

Unknown (6%)

[S2 I S S B \V

Weather (9%

EPRI Fault Study

Lightning
Tree contact

Equipment failure

Animal

Wind

Dig—in

Vehicle accident
Icefsnow

Vandalism
Construction activity
Other

i

0 5 10 15 20 25

Percent of faults by cause

FIGURE 7.1
Tom Shoct, Etectric Power Distribution Hondbook. CRC Press, 2004
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Effects of Voltage Sags

1

0.5

0

-0.5 +

1L

\ /!

(MagDur)

4 Duration (4 Cycle) ——p»

Wawawi

|\

Q

\

-\ \/4+\/f> ‘

Magnitude (50% of nominal)

A Lights may or may not flicker
A Equipment shutdown or malfunction

A Can result in production downtime an/or
product loss

For every 1 momentary interruption a customer will see 8
‘voltagesags (EPRI DPQ Study)

EPRI Power Quality and Energy Efficiency Presen tation

2012 Electric Power Research

Institute, Inc. All rights reserved.
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Voltage Sags-How Many Phases

Three
Phases
13%

Two Phases
19%

One Phase
68%

Source: EPRI Distribution Power Quality Study

EPRI Power Quality and Energy Efficiency Presentation CPE' ELECTRIC POWER
=
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Why Voltage Sags Occur...

ALine-to-Ground/Line-to-Line Faults Occur
on the Utility System due to:
- Weather
- Trees
- Public Interfgf€nce™" |
Ainternally induced fagility events:
(startlng” a#ge high inrush load)

AAIthough theutility can reduce the number of
. ming, root cause analysis),
' nate allvoltage Sags.

" .‘-I“bm "’7\* ‘f’" "rr;c A ‘.“ &w R J.“H' : -t 1

VTN b s VT PR o0 e £ 5 —’....'

EPRI Power Quality and Energy Efficiency Presentation l= ELECTRIC POWER
. . . C E' RESEARCH INSTITUTE
© 2012 Electric Power Research Institute, Inc. All rights reserved. 19



R}

P
XPE

3

%
AN

EPRI Power Quality and Energy Efficiency Presentation

© 2012 Electric Power Research Institute, Inc. All rights reserved.

20

=2l

ELECTRIC POWER
RESEARCH INSTITUTE



Rural Site 5 Minute Aggregation, 14 Months of Data

Tolerance and Protection Curves with PQ Data Overlay
100

90+

80+

70

B0

50+

40+

Fercent of Mominal

TrTTTTTTTTITTTTTTTT T T T  TT T T T TTIT T T T T T  TTT IITTTT TTTT
w88 WS

30+

20+

10+

0.0 01 0.2 03 04 0.5 0.6 0.7 0.8 048 1.0
Seconds

EPRI PQ Investigator

EPRI Power Quality and Energy Efficiency Presentation CPE' ELECTRIC POWER
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Rural Site Summary of Events

Interruptions Count
Scheduled outages 2
Station Breaker outage, Bird contact pole fire near Site 1
Station Breaker operated, Weather lightning, tree contag 1
Voltage Sags Count
Major Storm 6
Weather Lightning Storm 6
No Trouble Tickets/operations 26
Blown transformer fuse due to squirrel 10
TIRoutagebeyondprotective Device 10
TOR outagbeyond protective Device 15
Failed equipment 5
Blown fuseat Adjacentindustrial 2
Adjacentindustrial SubstationFire 1
Vehicle accident 1

Note:
TOR'i Tree Outside of Right-Of-Way

. . , TIRT Tree Inside Right-Of-Way
EPRI Power Quality and Energy Efficiency Presentation

CPE' ELECTRIC POWER
. . . RESEARCH INSTITUTE
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Tolerance and Protection Curves with PQ Data Overlay

100

90+

80+

70

B0+

50+

-
wd
e

.
*

40+ * +

Percent of Nominal

304 * +
20 +

10+

0 IIII|IIII|IIII|II‘IlIIII|IIII|IIII|IIII|IIII|IIII

Potter & Brumfield KRPA KRPA-14AN-120,120 VAC,60Hz

Allen Bradley,PLC 5/11,1783-L11B/E 120 Volts Nominal 60Hz

Site - 5 Min Aggregation,3 Min Aggregation (8/22/2009 9:32:00 AM -
10/28/2010 3:40:23 AM)

0.0 0.1 0.2 03 0.4 05 06
Seconds

EPRI

EPRI Power Quality and Energy Efficiency Presentation

© 2012 Electric Power Research Institute, Inc. All rights reserved.
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PQ Investigator
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Goal i Extending the Operating Envelope

AExtending the operating envel opec
to reduce the area of equipment malfunctions by enabling the
equipment to ride through deeper and longer voltage sags.

90
80 — Original Operating Envelope
70 —
8
% 60 — Extension of Original Operating Envelope
>
-
IS
2 50 —
K
& 40—
13
&
30 — Equipment Malfunctions
20 —
L T T T
15 30 60 96 128 160 320 480 640 800 960 2880 4800
Duration (ms)
EPRI Power Quality and Energy Efficiency Presentation EPE' ELECTRIC POWER
RESEARCH INSTITUTE
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Important Realization

AUtilities Share Responsibility

I Tree Trimming, Lightning Arrestors, Grounding,
Maintenance, Provide PQ information to industrials, etc

Alndustrial sites Share Responsibility

I Understanding Equipment Vulnerability, PQ
Specifications, Power Conditioning, Proper
Wiring/Grounding, etc

AMost effective solutions are reached when both sides
work together to see what can be done

EPRI Power Quallty and Energy Efficiency Presen tation CPE' ELECTRIC POWER
K=
RESEARCH IN STITUTE
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Common Weak Links i AC Powered Relays,
Contactors, Motor Starters, PLCs

67% @ 5 Cycles

- 70 Z

o S
.g %7 \61% @ 5 Cycles
Z 50

s}

2 40

©

()] _

% 30 = Zero Degrees

2 54 90 Degrees

5

§ 10

O 0 T T T T T T T

T
0.25 0.5 1 2 3 4 5 15 30 60
Duration (Cycles)

Figure 5. Composite Low-Voltage Tolerance of Relays
100

90

120 VAC DPDT RELAY, ¢4 CPU, 77% Vxom

Ié 80 75% Vnom
' 5
- o 70
' AN | | | [P
- -
ey <Zt 60
120/208-240V % s
Rack-Mounted —ae o 50 [ [ | I I |
z
Power Supply T C-1 DISCRETE INPUT CARD,
o 51% Vnom
. = o [o]
. E 30
-
AC Voltage In i Q " ALWAYS
il & L LT LT Lanpresmars | | |
; i 10 AND RESTARTS
’ HEEEEEEENNEN
~ 0
\10 20 30 40 50 60 70 80 90 100 110 500
Fipare 1. A rack-mounted PLC pawer supply that requices AC voltage
binsebadia bt 2 CYCLES DURATION OF SAG (IN CYCLES) e con
EPRI Power Quality and Energy Efficiency Presentation |= ELECTRIC POWER
. . . C El RESEARCH INSTITUTE
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AC Circuits that can be Sensitive

Three-Phase Source
Voltage to Tool

Main AC Box
On EMO
Emergency-
B““I on "Off Button Relay
Step-Down O
Transformer

EMO
EMO Relay Main
§§24VAC Contact 2 Cgﬁ:gh Contactor

ESE

Main
£| Contactor
Contacts

Y

y

4

Y

To Tool, Subsystems, and
Other EMO Circuits

EPRI Power Quality and Energy Efficiency Presentation
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E-5TOP

MCE

Lz

T

=
N

|
T PLC MU'Il'

28

= PLC
| 1 24 WVdc Power
supply
— MCE-1 | |
7 D2+ Cotn

B
i
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Another Example Weak Link - Drive Interfacing
Circuits

AAB Power Flex 700

ADrive is compliant to
SEMI F47

AUtilizes Run Relay and
Stop Interposing Relays
(Al ce cubeso

APowered from 500VA
CPT in cabinet, circuit
goes to field start and
stop pushbuttons and
back to relays in drive
cabinet

500V A
480/120 CPT

AB Ice Cube Style
120V ac Relays

EPRI Power Quality and Energy Efficiency Presentation CPE' ELECTRIC POWER
=

. . . RESEARCH INSTITUTE
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Example Panel Analysis

Small "Ice Cube" relays
including "Mill Start"

100% -
-
90%
L
80% ~mx ABA1TT
A S S S SR R S 1
70% 2= A + WorstCase Event PLC Remote /0 Rack
- ir *
g 60% - g - Unprotected PLC-5
£ 50% | o or Remote 1/0 Rack
(4 - v
2 | = = AC Ice Cube
2 40%
' -a-a-
30% ® AC Inputs
MM55
20% Controller
10%
L
0% Ll T T T T
0 10 20 30 40 50 60
One 200 Cycle Intarruption Not Shown. Cycles Main PLC
Rack and UPS
Figure 5.1-3
Expected Voltage Sag Ride-Through
EPRI Power Quality and Energy Efficiency Presentation ELECTRIC POWER
EPE' RESEARCH INSTITUTE
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Tolerance and Protection Curves

PQ Investigator Tool =

90+

80-F

AEPRI has developed a new tool - “}
called PQ Investigator I

AThis tool allows for look up of
hundreds of device ride-through
curves

AUtiIitieSmayhaveacceSStOthe U||||||||||||||||||||||||||||||||||||||||||||||||
S/W and can he|p 0.0 0.1 0.2 03 0.4 Segésnds 0.6 0.7 0.8 0.9 1.0

EPRI PQ Investigator

Percent of Mominal

‘ ABB.B1Z,B12-30-10,Test Results,60Hz
‘ HoneyWell,7800,EC7810A,120 Vac,60Hz

.%% GE Fanue, Typical Result, Two-Phase Sag Test,60Hz

EPRI Power Quality and Energy Efficiency Presentation CPE' ELECTRIC POWER
=
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Specify Voltage Sag Standards in Purchase

Specs

AExample Specs
I SEMI F47

AFrom Semiconductor
Industry

AMost control OEMs
have compliant
hardware

I IEC 61000-4-11/34
AClass 3

I IEEE P1668
A(Balloting Soon)

EPRI Power Quality and Energy Efficiency Presentation

© 2012 Electric Power Research Institute, Inc. All rights reserved.
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Tolerance and Protection Curves with PQ Data Overlay

| SEMI F47

Tolerance and Protection Curves with PQ Data Overlay
100

IEC 61000-4-34
| Class 3

Secands

CPE' ELECTRIC POWER
=
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Draft IEEE
P1668 Excerpt

A1,2, & 3 phase
voltage sag
requirements

AComprehensive
document:
i Primer on Voltage
Sags
I Recommended test
requirements

I Test Procedures &
Guidelines

I Test Equipment
Requirements

I Certification and

Test Report
Requirements

EPRI Power Quality and Energy Efficiency Presentation

© 2012 Electric Power Research Institute, Inc. All rights reserved.

Equipment Immunity Specification
IEEE P1668 Voltage Sag Immunity Requirement for
Three-Phase Equipment

Immunity Curve for Tvpe [ & Tvpe Il Sags

Immunity Curve for Tvpe III Sags

Tvpe I and II voltage sag test points:

s R0% for 2 seconds
s 7% for 500 milliseconds

»  50% for 200 milliseconds

Fepeat for test points for each phase-neutral and phase-

to-phase combination.

Desired Tvpe II Test Vector

Testing for Tvpe III voltage sag required :

s 80% for 2 seconds
s T70% for 100 milliseconds

s 50% for 30 milliseconds

Tvpe II Tvpe ILAL Tvpe ILA2
[ [] []
Pass/Fail Criteria Pass/Fail Criteria
Full . Assisted- Full o Assisted-
Operation Self-Recovery Recovery Operation Self-Recovery Recovery
[] [] [] [] [] []

Testing Procedure Requirements: IEEE P1668

33

=2l

ELECTRIC POWER
RESEARCH INSTITUTE




DC Powered Emergency Off Circuit

Three-Phase Source

Design with DC Power

On
Universa-input  Buttion  CMergency-
( ( ( DC Power Supply |r1 Off Button Relay
O

AOne of the best methods of BRAED -
Increasing the tolerance of control
circuits is to use direct current (DC)
instead of alternating current (AC) to

Main

=) ] 5 o
!

power control circuits, controllers, To Jool, Subeysism, and
input/output devices (1/0), and SR
Sensors. .

ADC power suppl Hensdo h™ ) bui |t
tolerance to voltage sags due to their T
ripple-correction capacitors, whereas L DC Powered
control power transformers (CPTs) o o
and AC components do not have IR A=\ PLC Circuit
inherent energy storage to help them N
ride through voltage sags conr

AMany OEMs are moving in this
direction to harden their equipment
designs

DC Power Supply
cru
DC IO
Do o
Analog IO

-
|

Process Contral Signals

EPRI Power Quality and Energy Efficiency Presentation CPE' ELECTRIC POWER
=
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DC Powered PLC System in Weld Shop

(3) Three phase
input Siemens

SITOP DC Power
Supplies
AB SLC-5/%
PLC with
DC I/O
100%
90%
o o
o oo@m

=~ 80% e
()
g s
S 0% 1= =
g
9] o
b 60%
o
°
;'J’ 50% &l
®
o 40%
&
S 30%
2
c
§’ 20%

10%

0% T T T T T T

0 5 10 15 20 25 30 35 40
Duration (cycles)
O Min Phase-to-Phase = AB SLC-5/X PLC

EPRI Power Quallty and Energy Ef‘ficiency Presentation CPE' ELECTRIC POWER
=
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Utilize Sag Tolerant
Components

A IF AC Relays and Contactors are
used in the semiconductor tool
design, then utilize compliant THES: P S l
devices. Maun AL Box

. Button  “of Bution  Relay

A Consider response at both 50 (¢ Ipp—

Transformer

and 60 Hz. Sy B
A Many components have been '
certified to SEMI F47.

Emergency- EMO

=] & 2| Contecor

Contacts

Telemecanique LC1F150 Coil LX9FF22!
Voltage Sag Ride Through Curve v v v
[—-— DUT 60HZ SEMIF47 DUT 50HZ To Tool, Subsystems, and
) 3
Other EMO Circuits
< 100%
£
€ 80%
s ———
5 60% |
& 4% m ===
[
g 20% P
3 £
> 0% T T T T T T T T T
0 01 02 03 04 05 06 07 08 09 1
Duration (in seconds)
EPRI Power Quality and Energy Efficiency Presentation CPE' ELECTRIC POWER
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X4 Vo

Examine Configuration .
Settings T

Speed | | L\L’_.—_—_J‘_r—'
Aln most cases, drive o
H Parameter Parameter Description
manufacturers give users
. . Automatic Reset This parameter allows the drive to automatically reset some fault
conditions, such as DC link undervoltage or overvoltage, without the
acceSS to baS I C m I C ro p roceSSO r need for operator/user intervention. This feature is used in conjunction
t th t th with Automatic Restart.
p rog ram param e e rS SO a e Automatic Restart  This parameter defines the method in which the drive automatically
H . restarts after a fault condition is over. Automatic Restart operations ma
d rlve Can be CO nfl g u red to WO rk only be used as ouutlined :nl NFIPAVTQ. E:uipmelnt damage and/tIJr /

personal injury may result if the Automatic Restart parameter is used in

I n the userodos pa... o maperouiate apphcation.

Parameter Description

E-
—————————3
F————
—_— |
=
—
==
==
==
—— {
- ————a.
_
=
_——
e
————————
———————
g
_—
V3
=————
3
1
e
e
4
———————
=
N

ap pl ICatI O n . Kinetic Buffering When the drive senses a DC link low-voltage condition, the drive uses
the combined motor-load inertial energy to maintain a factory-
programmed DC link voltage inside the drive by applying a braking force

AA d r i V e 6 S p r O g r a Lor :Z?qrﬁ:i?;nl:'gitfse.ature does not create a potential for extreme current
1 1 Motor Volt When the dri DC link low-volt dition, the drive’
param ete rS aSSO CI ated Wlth an:);:r)enz:ti%?w con?rrc‘allefcr:gr?gzintizsir?verte:r:‘irir?g;’vtimnzgse:zgn:g: to :omr;::niate for

a reduced DC link voltage. The objective is to maintain as close as

red u Ci n g th e effe Ct Of VO |tag e possible the desired output voltage for operating the motor and load.

. - Controlled When the drive senses a DC link undervoltage condition, the drive
Sag S are Se | d OI N d escrl beS N Deceleration and  begins to decelerate the motor at a user-defined rate. When the
Acceleration undervoltage condition ends, the drive reaccelerates the motor back to

. the desired operating point. This feature is often used in processes with

O n e Se Ctl O n Of th e u Se r m an u al . multiple drives operating in succession, where all drives are expected to
operate in unison to maintain process quality. This feature works well for
common DC bus drive systems.

Flying Restart This parameter is similar to the parameter above with one major
exception: Rather than restarting at a pre-defined frequency setting, the
drive uses a search algorithm to determine the motor speed. Once the
speed is recognized, the drive reaccelerates the motor to the desired
operating point. The odds of the motor and load experiencing extreme
current and torque transients are greatly reduced.
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Other Considerations

A Make sure the device rated voltage matches the nominal
voltage. Mismatches can lead to higher voltage sag
sensitivities (for example 208Vac fed to 230Vac rated
component).

A Consider Subsystem performance. Vendor subsystems must
be robust for the entire system to be robust. Otherwise, power
conditioning may be required for the subsystem.

A Consolidate Control Power Sources. This will make the
Implementation of any required power conditioner scheme
much simpler and cost effective.

A Use a targeted voltage conditioning approach as the last
resort. Apply Batteryless power conditioner devices where
possible.
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Example PQ Solution Levels

Control Level Control Level
Machine or Subsystem Level Power Conditioning Embedded DC Solution
.. ] (1/10t to 1/20t of Machine Level Power Conditioner Cost) (Best done by OEM in design phase)
Power Conditioning
A A
B B
N c
M
MVA L . M
Cantrol-Power
| Tnm“““’""“f i
(‘m DT Power
Supply
Powar
Conditianer | |
—ab
TRI TR2 TR3 — T 1
kVA kVA kVA
wm] [Kmm Machine On Machine On CONI
1 COMI
ERPE el
mergency
Stop Emg:g;nc}r
Power
Conditioner COM I : :
- CON |
FLC or Eguipmest Controller
£ PLC
A g
Process Process Process ‘g g ER = ¥ 'E
Equipment or Equipment or Equipment or B EAR- AR 2 ol o o
Line | Line 2 Line 3 =< ol E| E| R
< Sloluo|®
E Ylalol|E
One Piece of Equipment or One Line Protected l‘ 'l U <
Emcessl !
Signals ¢ l
Process Contral Signals
Uhtrasenic
U lated DT :
mraSupply 1E:ﬁlnuws
Sensor
e
-
———
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Uninterruptible Power Supply (UPS)

For Control Loads
Small 500Va to L | wjf\o
3KVA b -
UPS Systems are Povier T Sing
sometimes Used L ;
LF ok
Battery Based |V | gy e 5 [im
UPS Podh S 8
Are Often
ACOwrielr Kk i [IL1 0 7 e
s B
AAbandoned i n Placeo UPS Syst enrs: -
A Common Problem
EPRI Power Quality and Energy Efficiency Presentation =) | oo
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PQ Mitigation Devices

80 Original Operating Envelope

Extension of Original Operating Envelope

T T
IS 30 60 9 128 160 320 480 640 800 960 2880 4800
Duration (ms)

Comparison of Power Conditioning Devices

Coverage (Vnom) / Duration

Application Device Notes
PP 11 f-f 3f
3f ProDySC 0% / 2 sec. 30% / 2 sec. 50% / 2 sec. at full load .
AVC (two rated 45% / 30 sec. 45% / 30 sec. 50% / 30 sec.
3f at full load

models)

25% / 30 sec.

25% / 30 sec.

50% / 30 sec.

.

1f Contrl Ckt

PowerRide RTD

0% / 2+ sec.

0% A-B, B-C; 70-
80% C-A/ 2+ sec.

70-80% / 2+ sec.

3-phase Input, 1-phase Output g

0% / 0.05 sec.

1f Contrl Ckt MiniDySC 50% / 2 sec. n/a n/a

1f Contrl Ckt CVT 40-50% / 2+ sec. n/a n/a %@

1f Contrl Ckt VDC (6T Model) 37% / 2+ sec. n/a n/a

Coil Hold-in (CoilLock 0

1f Contrl Ckt and KnowTrip) 25% / 2+ sec. n/a n/a for relays, .c_or_ltactors, motor starters
2T

EPRI Power Quality and Energy Efficiency Presentation l= ELECTRIC POWER

© 2012 Electric Power Research Institute, Inc. All rights reserved. 41 C E' RESEARCH INSIITOTE




Generalized Example: |
Control Level to Equipment Level : —
Cost vs. Coverage L ——

nalVoleage
3

Example Cost per Option

Most
Equipment Level .- q
” - o —

Level ," - Equipment Level
) / -
> ;- $25K to $88K +
5 e
3 '/

| 7

O Control |, ;  Small Power
S Level “—Conditioner
B $1500 - $3,000
[} N
o 1]
= T
= Relay |1

Level | Replace Relay $25

omt 'é Coil Lock $130

$20K $40K $60K $80K $100K +
Minimum Cost (USD) Maximum
EPRI Power Quality and Energy Efficiency Presentation EPE' ELECTRIC POWER
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Example Control Level Solution

Application

AThe CVT is protecting only the
AC control components means
that the selected power
conditioner will be more
affordable than one that could
protect the entire machine.

AThe ride-though of the AC
drives in this example can be
enhanced by modifying their
programming, thus eliminating
the need for a large power
conditioner.

EPRI Power Quality and Energy Efficiency Presentation
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Disconnect \

Source Power

ELB1 (
100 A

CB1¢__
SA(_ «

T1 480V
2.5-kVA I—|

CvT

120V
Door
Inteelgck
[ON' EMO
il CON1
L il
]
CON1 MS1
it O—
CON1 MS2
i} O—
MS1 MS3 OL
it O—H
MS2
PLC Power
Supply

Control Circuit

= Protected Components

= Control-Level Unprotected

Components

43

— CON1

480-V Three-Phase,
Three-Wire

CB2( CB3 (
20 A 20A
Line 5 Line
Filter Filter
MS1 == MS2 =
AC AC
Drive Drive

o

=2l

I

o

Three-Phase
Disconnects

CB4 (
20A

MS3 =
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New Solution for an Old Problem:
EPRI Nice Cube Block Concept & Prototype

Original AAC Rgemo¢EPBRC I1ce culb®edenthskRE |
Drop out ~70% Vnom AiNice Cubeo Pucodout-25-BR From
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EPRI/ PQSI Design Concepts for Nice Cube
nPuckol/ NnBri cko
110Vdc or 24Vdc relays

AlLeft concept:
i Designated ANice Cube #10 (Ver
I Square Al ego blockod plugs int

I Keyed to plug in only one way

i Off the shelf dlego il BB nicC

AMiddle concept:

i Designated ANice Cube i
I Block is offset to not add height to relay

A Important where vertical space could be
limited

i Off the shelf Al ego | ik
ARight concept:
I Nixed based on production cost

I Puck is made from PVC and mounts on top.
i Keyed to plug in only one way

I Relay sticks up higher

Nice Cube Concepts
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Solution Application Points

A Voltage Sags may be mitigated at a variety of locations

A Service Entrance, Panel Feeder, Panel, Machine, and Control Levels.

SOURCE POWER

DISTRIBUTION LINE

Example Network:

SERVICE ENTRANCE/

FACILITY LEVEL

1
CCCCC

« PANEL FEEDER
ll LLLLL DELLL
? ? ?) ?) ?) ?) ?) ?) ?) ?) ?) ?)4_ PANEL LEVEL
' i I T O MACHINE LEVEL

EPRI Power Quality and Energy Efficiency Presentation
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Example Problem 17 Multiple Cabinets Fed
from Centralized Control Power Panels

Tolerance and Protection Curves with PQ Data Overlay

A AB PLC5 o

E e
s0F £

I 78% Vhom

i Remoteracki 72%
vnom s |

tttttttttttt
e C I a C n Allen Bradley,PLC 5/11.1785-L11B/E, 117 Volts Nominal,50H:
N
. scottsboro_dfr,scottsboro_dfr (1/20/2010 3:53:26 AM - 12/14/2010 2:40:06
- )
.

I ~70% Vnom

— W W e e 5 = L i A
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Example Solution: Distribution

JkVA 120Vac MiniDySC

Panel Level Mitigation

L % 16-201
18-1.7 =——— 1111 18-202
230VAL POWER Lz 15
FROM SHT. 01 Bellh e 12 L2 GND 13 1

| — L —

A Remove N B

L7

abandoned UPS R e
and use UPS - } ) ‘ C _L_ IkVA 120Vac MiniDySC

1
[

bypass switch === w-m-‘Ffi-- ------ - L

| |
. | S0A |
already in place | |
| | 17 I
. . . | |
A Four distribution . -
IS i for ~d e { T L I %
pane S In room 0 SHT. 10 1B-115N O : |[ QO 18-15N
EXtrUder Ilnes 18-203 0——:————)< “1“ Il O 13-2L4 HSWAL 1@ /60H
i) = T
lus one " syt { — -~ } o
p SHT. 9 18-115N O ] | O 13-15H REDIPANELS POWER
d d - - I I
additional for { paso— oo X 0w | v
I |
Other related IZIELE'EEIAJS? 18-115N O 1 i O 18-1150 “E.Lﬁﬂg“
| |
control loads o Lo o
18-2L7 £ad .4 O 1B-2L8
SPARE | ' PARE
(5 tOtal) { 18-115K O— : : O 18-1158 } o
: 154 154 1
- el 3 -
e { 18-209 O : X - X~ i O B-2L0 } -
18-1154 O 1 1 O 181158
| - 1
| |
| |
e 1
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Another Distribution Panel Example

ASometimes the most effective
solution is to provide
conditioned power for the entire
IPP Panel. Advantages of this
approach include:

I Simplified Cut Over/Fewer
Touch Points

I Single Power Conditioner for
many loads

I When sized to support kVA
of transformer, this approach
will support future expansion
In panels

EPRI Power Quality and Energy Efficiency Presentation
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480Vac
3-Phase
MCC Bus

|)

3-Phase
480Vac
Power
Conditioner

)

Xformer

480/208

3-Phase
30kVA

)

IPP-PC

480Vac 3-Phase from 50A CB

S v @

LARGE GENERAL PURPOSE TRANSFORMER

208Vac 3-Phase
from 225A CB
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Example Control Level Option
(Area Wide Power Distribution for CPT Primaries)

AFewer, larger sag mitigation devices
I Fewer touch points but more expensive mitigation devices
I New 480Vac Panel, new conduit and wiring to machine controls

I Labor costs

480Vac 3-PH
POWER
FPOWER
CONDITIONER
NEW 480V
PANEL
N 480V PHASE C-A
O 0 0 O
S""O\ 6"‘: 480V PHASE B-C
S""o\ 6"‘3_ 480V PHASEA-E
Vo T
L ]_—“”—r“ ————————————— —= A A
480V 480V 480V
snninnninnninemn [ ] BRI |1 === s =) =)
(TR Rntaittdd | L | !
| | | | ' | '
I I I I I I I I I TO CONTROLS TO CONTROLS TO CONTROLS I I I | I
_________ —_— — I HEATER CONTROL BAGGING MACHINE EXTRUDER DRIVE I I I I I
I PAMEL PAMNEL I I I I
|
b o e e o e e e e o Lo — — — ) b — — 1|
MACHINE A MACHINE B MACHINE C
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Feeder Level Mitigation Scenarios

AMultiple very large sag
mitigation devices

I Fewer installation points, less
wiring, conduit, & labor

I Higher Equipment Costs

I More Comprehensive
Coverage

I Some Typical Voltage Sag
Solutions

AOmniverter AVC
ASoftswitching DySC

EPRI Power Quality and Energy Efficiency Presentation
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"ty

S1A

wlhoau 2000kVA 3-PH
(YI'Y\ 13.2kV / 480V
)
o]
-
o J> '«L 600A
i) 2000A i) 2000A g) glﬂ MITIGATION POINTS
1) 1™ 1™ T T | I
I [ (I r r r
| | S3B/BDOBA | | S3CBDO7 | | == - = - =
| | | SLIDER INDUSTRIAL  PLASTIC
I | | CLOSEABLE  FILM PROFILE 2-
[ [ [ BAGGIES PIECE BAGS
I I I
Lo Lo L
MACHINE 70 BLOWN TUBE FACILITIES
GLOSEABLE LOADS
BAGS
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Conclusions

At ds a team effort to so
utility, industrial/commercial, and sometimes
consultants need to come together.

AUnderstanding why your equipment is vulnerable
Il S paramount . You candot
understanding the true cause.

AMoving forward (sometimes with some simple
modifications) you can make industrial systems
more robust. Donodot forg
IN your purchase specs.

ADon6t assume battery bas
Smaller solutions may be more cost effective.
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Case Study:
Power Quality Investigation of a
Manufacturing Plant




Introduction (1)

AVoltage sags and momentary outages caused equipment
and process downtime events in the second half of 2005

APower quality audit evaluated the most sensitive equipment
In the plant to formulate the best approaches for hardening
the equipment to these power quality events

I inspected drawings, did on-site testing, physically
examined the plant equipment and specifications,
analyzed plant power quality data.

Aldentified five critical product lines - Process Lines 1 thru 5.
I All five were very susceptible to voltage sags.
ASeveral other areas were vulnerable to voltage sags

I Boller systems, air compressors, conveyor controls, and
computer control areas.
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Introduction (2)

APrime examples: process lines 1 to 3

ALine 2: Allen Bradley programmable logic controller (PLC) fed by
a small, local uninterruptible power supply (UPS).

I Conrols: several National Electrical Manufacturers Association
(NEMA) style startersands i x T B V\AIAG drives. E

AOne sub panel (powered by a generator) controls four small 120-
Vac motors that pull the product out of the oven if the power Is
lost.

I Controls require the PLC to remain on-line (via UPS).

I The PLC operates the small motor starters using generator
power through the output card to turn on the motor starters.
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Process Line 2 Controls

| |k\\“\ il*{\i 'VM

PLC remote I/O racks, burner controls, numerous AC Drive racks
Ai ce cubeo relays
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Process Line 4 and 5

AProcess Line 4 and 5 each use a 5-kVA constant voltage transformers (CVT)
to provide conditioned power to only a few of the control cabinets.

Two 5kVA
Sola CVS Series CVTs
(for Process Lines 4 & 5)

Model No,
23-23-250-8

CVT for Process Line 4 Loading

sy |
Summary Intoemation Voltage  Cumient
Froquency | 5396 [AIMS 16,32 463
Powes Peak 15808 S22
w 050 DCOWset | 026 005
KVA 054 |Crext .38 19
KVAR 010 | THD Hms 5@ 2310
Pesk KW 147 |[THDFund ' SO 2040
Phase 137 lag HAMS L% 13
Total ¥ 094 | KFactod 413

DPF 098

CVT for Process Line 5 Loading

Single Phuese Reoadngs - 12715

Summary Inlommation Currerh
Frequency 5395 AMS 116.08 ATz
Power Peak 166 12 967
KW 051 |DCOMset | 026 am

VA 0% |Crast 1.34 2.05
KNVAS 003 [THD Rms | 524 2185

Peak KW 151 [THD Fund | 526 3350
Phose 3707 lead HRMS b8 1.50
Total P 0492 |KFactor 452

DFF 4099

EPRI Power Quality and Energy Efficiency Presentation
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VA Sola CWT
312500

ILMA.I ENT Cahinet 2
i yie _ Catinat3
Main Panad . | Flex, Parel
From CVT | i
-
[P ] i Cante
From CVT 5
LIPS Far =
PLC S
Sl Pangl
on Zatiral &
Geranalar !E-'lhinnt:
| Ul J
Weesn
B-Trac Dt prt
: Wioior
Sarien
120Wee Comtiol Power
T
LLEVA -
Catiral T AP hasa Paowl
idldac
Cominc Possee
Mot = Ce2a
Sty icw Cubem
Flasinys
| nED ] 1
sgkva, | T
AB0IP0E

Process Line 4 Control Power
Sources and Routing
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69 KV 2.76 MI

=

Power System Overview

ml—

A
APlant is supplied from a 12-kV
] ] 69 kV Bus |
Industrial feeder.
I Derived from a 69-kV | o A
] Single-Line Diagram of i
substation Power Feed to the Plant | LgJ
. . | 12kVBus
APlant is located approximately [
0.5 mlle.s from substation. | : S
AThree single-phase reclosers 1 mile ——]
were added on a lateral p——
upstream circuit in July 2005, Feeder [12kv | |
B . |_FE_] T Bus !
I should increase the power . East-Wes!
quallty as seen by the Plant _ Thrcu-rh'ﬂﬁﬁ E‘:jir:lgllu 200
closures Installe u 5
manufacturer. !
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PQ Data and Analysis (1)

AUtility reported events during the time frame from June 25,
2005, through December 2, 2005 (shown on next slide)

AFacility equipment compliant with the SEMI F47 power
guality standard would have survived 11 of 20 events

AEquipment able to survive voltage sags to 30 percent of
nominal for 1 second would ride through 19 of 20 events

ASquirrel fault (December 1, 2005, 200-cycle Interruption)

- SRR | 5 . TE ’
il d
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%Vnominal

PQ Data and Analysis (2)

Plant PQ Data Versus SEMI F47
(6/25/051 12/2/05)

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%
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*

Worst Case Event
SEMI F47

*
0'.
L4
10 20 30 40 50
Cycles

*One 200-cycle interruption not shown

60

Summary of Power Quality Attributes for
PLCs and AC Drives

Sag Duration Worst-Case Magnitude
Storm in area, 69 kY
6252005 2 GG T e
Storm in area, 69 kW
6252005 (i T5% T e
Storm in area (ightnang,
B/28/2005 5 B86% e
7/222005 10 35% Storm im area lightring)
71222005 1 35% Storm im area lightring)
Storm in area (lightmang],
7I26/2005 7 60% fuzes blown on East
West Circurt
Storm in area (ightning,
72682005 B 65% fuses blown on East
West Circurt
Storm n area
B/52005 5 32% P Tre T LT
Storm in area
a/s/2005 B 5006 s [has
Storm in area (ightnangl,
BNO2005 B 82% trip 63KV line
Storm in area llightningl,
BM10/2005 g 94% ip 5.5V line
BM132005 3 52% Storm im area (ightring!
8132005 5 T1% Storm im area (hghtring!
B20/2005 38 61% Storm im area (hightring!
B20/2005 46 B7% Storm im area (hghtring!
82202005 12 29% Connector failure on
12k carcuit
Connector failure on
B/22/2005 2 GO 124V gircuit
Unknown
11/27/2005 4 83% Isubtransmission fault
cleared itsalf]
Squarred in customer
12M1/2005 200 0% = -
Tree contact with
12f2/2005 (i 509 BKV ine
Reclosing to try
12f2/2005 (i1 509 ard il ol

=2l
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PQ Data and Analysis (3)

ABased on the equipment used in Process Lines 2 and 3 and the results from
previous EPRI tests, an expected ride-through curve may be created

I Process Lines 2 and 3 would be expected to survive only 5 of the 22

recorded events based on its configuration.

I This worst-case estimate assumes that voltage sags always occur on the

most vulnerable phase.
100% -

90%

*

80%

70% -l =

Expected Response of

60%
20% -

Process Lines 2 and
3 to Voltage Sags

“Vnominal

40% h

30%

20%

= | Inprotected PLC-5

= =AC |ce Cube

—&— Honeywell Flame

Worst Case Event

or Remote /O Rack

AC Inputs

NEMA Starter

Controller

10%
0% I- -8—

*One 200-cycle interruption not shown

0 10
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PQ Data and Analysis (4)

AAN I-Grid power quality monitor was installed by
the manufacturer on 12/14/2005.

I Connected to a 480-Vac bus in the generator room.

Dedicated
480Vac 3-Phase
Breaker

T I-Sense Monitor
-_ j With Phone Line

and Power Connections

3

[-Grid Installation at
the Plant

EPRI Power Quality and Energy Efficiency Presen tation l ELECTRIC POWER
K=
C' la RESEARCH INSTITUTE
© 2012 Electric Power Research Institute, Inc. All rights reserved. 62



Analysis of Plant Susceptibilities (3)

AFinal tests used a 1.5-kVA MiniDySC (Dynamic Sag
Corrector) power conditioner on the control loads.

I Cabinet controls survived a 30-cycle interruption before shutting down.

- Load voltage DYSC output
150 3{" \ ({‘K Jﬂ‘\ hun J It ~ Ul\ '1\[('1 '{5] lJA]
AT A A P
MiniDySC Product b R L j ; I ,k’ [ 1
Compensated g . F | | || || ]f';;r, " ’ﬂ\ =f|.fﬁ I \ j
forvoltagesag & E L [0 [ W' W& % [ [V |
| ] B g !
Posat 1| | B u‘ﬂi | “ (P l
- A Y PO A Y O IO
@ - \ | J H } é' H f |h \ ’ # l' | \ { ]
9 _504—+ | - ! ' /I ‘ll.};. ' -
= E | ! J \ { | | |‘ | WI 1 Il 1‘ ‘r \ l
-100f \ ’\ '! fJ K ‘ i : fl
- , { 1 | :
0 25 50 St ?’5 75 1-013 \12;' '!&v}l;’;‘uﬂ“
Time (ms)
EPRI Power Quality and Energy Efficiency Presentation - ELECTRIC POWER
© 2012 Electric Power Research Institute, Inc. All rights reserved. 63 CPE' RESEARCH INSTIFUTE




Summary of Plant Analysis

AThe audit revealed that several pieces of equipment had
control power sourced from control power transformers
(CPTs) or through ice-cube relayso both very susceptible
to voltage sags.

AAnalysis showed that a UPS solution may be ineffective as
a bad and/or slow UPS could result in line trips.

I Testing demonstrated that a voltage ride-through
solution or an active sag corrector may more effective

EPRI Power Quality and Energy Efficiency Presen tation CPE' ELECTRIC POWER
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Recommendations

ASome recommendations based on the results of the
analysis:

I Power Conditioners
I Consolidation of Loads
I Adjusting Control Parameters

EPRI Power Quality and Energy Efficiency Presentation CPE' ELECTRIC POWER
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Power Conditioners (1)

AThe product lines are spread outd control racks in various
locations

AOne larger power conditioner would be ideal; however,
several separate power conditioners may be required

AOne recommendation is to use the PowerRide ride-through
device (RTD) at appropriate locations

I Process Line 4 would need three RTDs

AOne 2.5 kVA unit wound for both 120-Vac and 480-Vac loads

I 480-Vac output section for existing CPTs (estimated not to
exceed 2.5 kVA)

I 120-Vac output for 120-Vac loads (estimated not to exceed 2.5
kKVA)

AOther two units (2kVA each) installed in or near the cabinets
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3-Phase A B ¢

480Vac | PowerRide RTD
T ‘ “ cvT
Power Conditioners (2 ebine1 2
480Vac R
Single Phase
Cabinet 1 Remote 1/O Cabinet 3 )
Main Panel 120Vac Flex Panel
Control Power CPL SYS
- '
PLC -5 I 120Vac HX Control
Control Power
ups For T L
PLC P/S
1 Sub Panel
POWGFRIde RTD On Cabinet 5
. Generator & cabinet 4
Recommendation
Woods
E-Trac Drives and
Cortels Mtor
Staners
480Yac 120Vac Control Power
SinglePhase | CPT > o
el 0.5kVA
480Vac Cabinet 6
Single Phase cPT
] fkva
Cabiret7
PowerRide RTD 2kVA
i A PowerRide RTD
2 8 $ . e cvr
| §3Phase Moter 120vac
‘ J 480Vac Cabinet Slatu;:sé :;Z Cube | | Control Power _B~
§g l S
2kVA RO
120Vac Motor
Control Power Startars, lca Cube
Relays

R 11O
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Power Conditioners (3)

AThe PowerRide RTD -- a three-phase input, single-phase
output CVT.

I Allows the controls to survive single-phase voltage sags
and momentary interruptions.

I For momentary interruptions on phases A-B and B-C, the
output remains at 100% as long as Phase A-C remains
at 66% or more

I For voltage sags on phase A-C, one expects a typical
CVT response with the voltage dropping off at about
50% of nominal or less.
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Power Conditioners (4)

AGiven the response of the RTD, only the one momentary
Interruption event may have affected the process with this unit
Installed on the controls.

+ WorstCase Event
PowerRide RTD 1 Phase Sag or 2 Phase (A-B, B-C)
— — .PowerRide RTD 2 Phase Sag (A-C)

100% -
90% :
Expected Voltage Sag 80% e
Requnse of 70% - ;* _______________ I
PowerRide RTD T o | T R .
L. .E 60 A} W *
Power Conditioner E 500 1 .
S 40%
> 30% S
20%
10%
0% T I I I I |
0 10 20 30 40 50 60
Cycles
*One 200-cycle interruption not shown
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Power Conditioners (5)

AAnother option: use multiple DySC products

AUnits in thegolant may be lightly loaded with voltage sag ride-
through performace closer to the half-loaded line.

AAIl but the one momentary interruption would be protected.
AWith power-conditioning equipment, the UPS may be removed.

‘ + Worst Case Event DySC (at Full Load) == =DySC (at 1/2 Load) ‘
100% -
90%
80%
70%
Expected Voltage = ’
60%
Sag Response of £ ’
50% +——— 7
DySC Power g ’ / /
" 2 40%
Conditioner S Jfer /
30% * &
7
20% / / / \
10% / P \
/. ‘
0% v : : ‘ : |
0 10 20 30 40 50 60
Cycles
*One 200-cycle interruption not shown
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Consolidation of Loads

ASeveral widely-dispersed loads may be combined on one
panel several panels are only lightly loaded.

AConsolidation would allow more effective use of power-
conditioning equipment (M).

L1 L] R
(IR [IRARER
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Adjusting Control Parameters

AAdjustable-speed drives may be set up for the best voltage
sag ride-through performance possible.
I Voltage trip points may be adjusted
I Built-in voltage sag ride-through features may be enabled.
AChokes may be necessary to prevent damage!

Magnatek GPD 305

AWhen a fault occurs during operation, the GPD
drive can be programmed for auto-restart using
parameter n47.

AThe setting of this parameter either enables or
disables the ride-thru feature of the GPD 305.
The three settings are:

A 0 = Disabled (Factory setting)

A 1 = Enabled with a 2 sec ride-thru

A 2 = Enabled with indefinite ride-thru, provided
the control power is maintained.

AWhen set to fDothere will be no ride-thru available

Alf enabled, the 305 will continue to operate during
a momentary power loss of up to 80%, but if the
loss exceeds the identified time period, the 305
will stop.

106 PQIG 2008
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Implementation Results

AThe plant estimated yearly losses due to PQ-related downtime in
the $300,000 range

AEPRI 6s recommendatineanyJune ofifd®06e me n

ASite experienced a total of 103 events as reported by the 1-Grid
system.
I 6 were outages (mostly weather related)

I The remaining 97 recordings were aggregated into a subset of 40
actual events.

A18 to 19 would have shut the plant equipment down based on the
previous history and the expected vulnerability of the unprotected
equipment.

ANone of the voltage sag events were found to affect
production after the installation of the solutions.
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PF Correction T Harmonic concerns/Solutions

EPRI Power Quality and Energy Efficiency Presentation CPE' ELECTRIC POWER
=

. . . RESEARCH INSTITUTE
© 2012 Electric Power Research Institute, Inc. All rights reserved. 74



Breaking Down AC Power é

A Power Factor (PF) = ratio of real power/apparent power (PF = P/S)
A Also PF = Cos () for purely sinusoidal waveforms
A Power =S Cos (i) =V x| Cos (0) WA

(motors &, transformers
need this to produce
magnetizing current)

reactive power (VAr, kVar)

P = Real Power (W, kW)

Q

(Does work, provides Heat, Torque, etc)
P=VxICos (i)=SCos (0)
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True versus Displacement Power Factor

ATrue power factor, or TPF, is the ratio between kW and kVA, including
all the harmonics.

I PF=P/S=kW/kVA

ADisplacement power factor, DPF, is the cosine of the angle between the
voltage and current. This is for the fundamental (60 Hertz) component
only.

I PF=Cos (0)

AWhen no harmonics are present, True Power Factor =
Displacement Power Factor

ACapacitors Correct Displacement Power Factor
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PF and Beer T An imperfect but useful analogy.

AKW i The thirst quenching, good
part. Does the work.

AKVAR i Foam. Does not quench the
thirst.

AKVAi Total contents of the mug.
I PF=kW/(KkW+kVA)
I PF=Beer/(Beer+Foam)

»
»

AFor a given KVA: The more foam
(the higher the percentage of

KVA

KVAR), the lower the ratio of KW
(beer) to KVA (beer plus foam).
Thus, the lower the power factor.

AThe less foam (the lower the
percentage of KVAR), the higher
the ratio of KW (beer) to KVA (beer
plus foam). In fact, as foam (or
KVAR) approaches zero, your
power factor approaches 1.0.
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Overall Impact of Energy Savings as Percentage of
Plant Total Energy Consumption

Impact of Power Factor Correction Capacitor on Total Facility

Load

1.60%
Assumption: System Losses due to Reduced Power
factor is 2% of Total Load

/

1.40%

OFW

1.20%

1.00%

/

}rigjuan:ﬁ 0.6

0.80%

Original PBE=0.7

0.60%

-
7

/ |

~

0.40% /
S

/

Oriqim.S

0.20%

0.00%

e

0.5 0.6

Reduction of Losses as Percentage
of Total Facility Load

e

0.9 1

Improved Power Factor

. ? é fold
% Loss Reduction = 1004]-

(DD~
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Harmonic Sources

AHarmonic distortion comes from nonlinear devices, principally loads
AHarmonic Sources
I Ferromagnetic devices such as: transformers and motors

I Arcing devices such as: arc furnaces, fluorescent lighting
I Power electronics

AExcess harmonics can cause several problems
I Overheating
I Equipment failure
I Increased losses
I Mis-operations
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How Do Non-Linear Loads Generate
Harmonics?

AA non-linear load is one in which the current is not
proportional to the input current.

i Non-linear Y V vs. | is not a straight line

()

Nonlinear Resistor

V() | y VI

From Dugan, Electrical Power Systems Quality
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Harmonic Current Flow

Sys
AMost harmonic producing devices are
loads, e.g. a 6-pulse motor drive.
A AAlthough these devices are loads, they
Y Ainjecto harmonic ¢
system, and are therefore modeled as
har monic current ns
Linear
Load § Non-linear
1 Load

-4
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Parallel Resonance

to other loads
D

utility supply
without harmonics

OZ3Tk¢

AN
e

nonlinear load 30
(ASD, rectifier, etc.)

potential parallel
resonant path

200

0]

MVA,

60 120 180 240 300 360 420 480 540 600 660 720 780 840 900
f
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Series Resonance

Distribution Substation Bus @
KYTY\ L

% > >
High
g \/\J\/\/ WAy Voltage
Y Y / Distortion
% High

Harmonic —
Currents

=t Customer
Power Factor

\_/J\_A_, Correction
_
5
40
30
|Zserie§f)|
20
10
60 120 180 240 300 360 420 480 540 600 660 720 780 840 900
f
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Devices for Controlling Harmonic Distortion

AChokes for ASD applications
AZig-zag transformers
APassive Filters

AActive filters
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Shunt Passive Filter Configurations

3" Order
st nd . )
Single-Tuned 17 Order 2™ Order High-Pass
High-Pass High-Pass (C-type)
C P —
Cm C = c, A=
L R
L R L R
Ci
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Shunt Passive Filter Frequency Response

Filter+System Response (f, = 294 Hz)

1400 T
= Cap Only
== Single-Tuned Filter
1200 = 1st Order HP
—=2nd Order HP
1000 ~T"C-Type
w
S
5 800
D
o
c
: |\
2 600
Q
400 / / \
200 ‘\
OFK\
240 360 480
Frequency (Hz)
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Effect of Notch Filter on the
Frequency Response Characteristics

AWhenever a single capacitor bank is added to a system, a
single resonant point is created.
AWhenever a single tuned harmonic filter bank is added to a
system, two resonant points are created.
I One low impedance point

I One high impedance point
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Effect of Notch Filter on the
Frequency Response Characteristics

ANotch filters can be comprised of several different

connections. The following all yield the same frequency
response.

A B A B

A B
. £ N W W .
??:H“*‘*;- ;’} v,. T{ \? ﬁl_\-\ . )_f‘r f.
E'\_\TMJ. S 'K-I,\ ,;F.,"“ T"ﬁ-
. C { Y K
¢ - Y N/
1 Y ) i/
" \ .
! v 3
c c c

From IEEE Std. 1531-2003
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Effect of Notch Filter on the
Frequency Response Characteristics

(a) Typical low voltage (b) Equivalent circuit of
filter configuation. system with filter.

T«

o X
R X .
armonic
B M' %Xsc Xec @ Source
PO
Xe

3
C
507 capacitor
only X
40+ h - | C
. notch
capacitor 3X .
30+ converted
to
Z .
h filter
207
10T
0 f A} T T T
1 3 h 5 7 9 11 13 15 17
From Dugan, Electrical Power Systems Quality Notch - rmonic Number h
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Harmonic Filter Design

AStep 171 Select the desired notch frequency
I Select the lowest characteristic harmonic, and
I Tune slightly less than desired harmonic

AStep 21 Determine necessary reactive compensation (i.e. capacitor bank size)
and voltage rating

AStep 31 Based on filter tuning, determine filter reactor ratings.
AStep 4 i Evaluate filter duty requirements (IEEE Std. 18 IEEE Standard for
Shunt Power capacitors)

Capacitors are intended to be operated at or below their rated voltage. Capacitors shall be capable of
continuous operation under contingency system and bank conditions provided that none of the following
limitations are exceeded:

a) 110% of rated mms voltage
by  120% of rated peak voltage, i.e. peak voltage not exceeding 1.2 X (square root of two) X rated nms
voltage, including harmonics, but excluding transients
¢)  135% of nominal rms current based on rated kvar and rated voltage
d)  135% of rated kvar
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Harmonic Filter Design Example

ADesign a harmonic filter

to improve the overall @ MVL,i:[!(I;[y: o
power factor to 0.95 12 kV Bus Vs = 1%
lagging, and reduce the PCC
harmonic current \ A ) 12.47 kV: 480V
emission at the PCC to 1203;}?

the recommended limits
in IEEE Std. 519,

~
Non-linear ls = 20%

Load l; = 14%

1200 kVA 3 |, = 9%

pf 0.75 l;3 = 8%
-
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Harmonic Filter Design Example

AUsing Excel spreadsheet that is provided

SYSTEM INFORMATION:
Filter Specification (e.g., 5): th
Three-Phase Capacitor Bank RatinkVAr Operatmg VOItage (bUS VOItage)
Rated Capacitor Bank Current: 722Amps /
Nominal Bus Voltage: Volts‘/
Capacitor Bank Current (actual): 577.4Amps
Filter Tuning Harmonic (e.g., 4.7): th
Capacitor Impedance (wye): 0.4800W / Inductive reactance at 60 Hz
Capacitor Impedance (delta): 1.4400N /
Filter Reactor Impedance: 0.021W
Filter Full Load Current (actual): 604.7Amps
Filter Full Load Current (rated): 755.9Amps
Transformer Nameplate Rating: 150&)kVA
Transformer Nameplate Impedance 6.00%
Load Harmonic Current: i Fund
Utility Harmonic Current: 47.2Amps
EPRI Power Quality and Energy Efficiency Presentation
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Harmonic Filter Design

Example

ASpreadsheet Results (cont.)

Power System Frequency: IjHZ / Rated voltage (nameplate)

Capacitor Voltage Rating: 60( Volts/
Capacitor Frequency Ri 6(QHz
Derated Capacitor Size: 480kVAr
Total Harmonic Load: kVA

Filter Tuning Frequency: 282Hz
Capacitor Rating (wye): 5526.22+
Capacitor Rating (delta): 1842.0nF

Filter Reactor Rating: 0.0576n
Fundamental Frequency Compensation: 503kVAr

Utility Side Voltage Distortion (Vh): %

(Utility Harmonic Voltage Source)

| Inductive reactance at 60 Hz

Harmonic current due to non-linear load

// Harmonic current due to non-linear

Load Harmonic Current; 392.6Amps
Maximum Total Harmonic Current: 439.8Amps‘/

load + system

EPRI Power Quality and Energy Efficiency Presentation
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Harmonic Filter Design Example

ASpreadsheet Results (cont.)

CAPACITOR DUTY CALCULATIONS:

Harmonic Filter RMS Current: 747.8Amps Fund. Freq. Capacitor Voltage: 502.8Volts
Harmonic Capacitor Voltage: 73.1Volts Maximum Peak Voltage: 575.9Volts
RMS Capacitor Voltage: 508.1Volts Maximum Peak Current: 1044.6Amps
CAPACITOR LIMITS: (IEEE Standard 18-2002)
Limit Contingency Actual Value
Peak Voltage: 100% 120% 96% 576
RMS Currerjt:  100% 135% 104% 748
KVAr 100% 135% 88% 658
RMS Voltage: 100% 110% 85% 508
EPRI Power Quality and Energy Efficiency Presentation ELECTRIC POWER
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Harmonic Filter Design Example

ASpreadsheet Results (cont.)

FILTER REACTOR DESIGN SPECIFICATIONS:

Reactor Impedance: 0.021W Reactor Rating: 0.0576mH
Fundamental Current: 604.7Amps Harmonic Current: 439.8Amps
RMS Current Requirement: 747.8Amps Voltage Requirement: 277.1Volts
EPRI Power Quality and Energy Efficiency Presentation EPE' ELECTRIC POWER
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Case Study 1 Plating Facility

A New facility supplied from 12 kV distribution system (2 similar
services)

A Plant loads consist of a significant percentage of rectifier loads.

A Tuned capacitor banks (automatic systems) added to avoid power
factor penalty and prevent harmonic resonance problems.

A 2 MVA supply transformer for each service.
A 0-650 kvar compensation for each service.

A Utility system has a number of capacitor banks on the feeder
supplying the plant, as well as parallel feeders.

A Fuses blew in customer tuned banks shortly after they were energized.
This situation was repeated again before leaving the filters off for
Investigation.

EPRI Power Quality and Energy Efficiency Presentation CPE' ELECTRIC POWER
=

. . . RESEARCH INSTITUTE
© 2012 Electric Power Research Institute, Inc. All rights reserved. 96



The System

CKT 3061 12 kv
T T T T T
932 1‘ C926 1‘ co16 1‘ o1 1‘
1.2 [MVAR] 1.2 [MVAR] 0.45 [MVAR] 0.45[MVAR]
Switched Switched = Fixed Fived
CKT 3062 12 kY
CE12 1‘ CHO 1‘ ond CHO4 1‘ CHOG 1‘
1.2 [MVAR] 0.45 [MVAR] 0.45 [MVAR] 0.45 [MVAR]
Fixed Fixed = Switched Fixed
12 kV CKT 3063 12 kY
E C580 1‘ opd C204 1‘
() 1.2 [MVAR] 1.2 MVAR
l Switched = Switched
= CKT 2064 12 kY
115 kV Source
oad
CKT 3065 12 Ky =
594 1‘ 219 1‘ ond C592 1‘ C535 1‘
LES 1.2 [MVAR] 1.2 [MVAR] 0.45 [MVAR] 0.45 [MVAR]
Switched = Fixed Fixed
er 711574 % Meter 705401 Meter 711568 % %
Mew Senice ™ 3 asuas Mew Seriice i Old Service ~ 7Anns Gabilan " hacuas
& % %
Two similar 048Ky o8k

services being
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Filter Bank
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Filter Bank

1

T
Capacitor Bank
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=
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The 480 V tuned filter bank

ABank was an automatic bank
with a range of 0-650 kvar

AOne 50 kvar step and 6 100
kvar steps allowing 50 kvar
Increments.

AEach step is tuned to 4.8
times the fundamental
frequency.
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Rectifier Loads

VOLTS/AMPS / HERTZ
47810 “Svz min 600 w2
s 7~
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Initial measurement results

Measurements at the meter location to the facility (performed by utility)

1. PF Correction (filters) off
I Vthd=3.7%, V5=2.5%, 1=300 amps, 1thd=4.8%
I Voltage spectrum has 3rd and 5th - 2.5% each
I Current spectrum has some third (2%) but more 5th (4%)

2. PF Correction (filters) on

I Vthd=2.8%, V5=1.3%, 1=260 amps, Ithd=35%

I Voltage spectrum still has 3rd (2.5%) but 5th is reduced (1.3%)
I Current spectrum is dominated by 5th - 30%
|

kvar is reduced by about 50 kvar between the two cases indicating that
only one 50 kvar tuned bank was probably in service

Some Conclusions:

I The power factor correction reduces the rms current by correcting the
fundamental frequency power factor.

I However, the filters are absorbing a lot of fifth harmonic current from the
power system. This fifth harmonic loading from the power system
could be the cause of the fuse blowing in the filter banks.

ELECTRIC POWER
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Resonance conditions depend on the capacitors
In service

Effect of Switched Capacitors on Frequency Scan at 12kV Bus

| s R —— | I I . .
- Only Fixed Caps 100% Switched Caps 50% Switched Caps
i i Vicinity of 5th i i
CHN— e Ml I - Ak A).
E L
% L
& I S T b i o T R T R
= L
= L
O )Il’ ___________________________________________________________________________________ PO
0 I : T | I '
0 B 12 18 24 30 36
Frequency (H pu)
Electrotek Concepts® TOP, The Output Processor®
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12 kV System Frequency Response With LV
Filters in Service

Frequency Scans at 12kV Bus

50 Kwar Filter Step at Mew Service
[ ] | | m—

>0 Filter OFF at Mew Sevice Filter tuned at 4.2 Filter tuned at 4.3
o A P New Parallel. . ]
< i - :Resonance !
o | : :
% I T T e e
= L : '
] 1 1
> fo 5
5 mnnne- New Senes----;i ----------------------- e R LLLTEEPRFERES R RCEEEEEEFTRRES
- Resonance / L
N 11 I I | 1 I I 1 : I I 11 i I I 11 : I 11 I ! 11 I I
1] 2 4 6 3 10 12
Frequency (H pu}
Electrotek Concepts® TOP, The Output Processons
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Solution 117 Detune the 480 V filter Bank

700

600

500

D
o
o

300

Current (A)

200

100

\- - - 5th harmonic component — RMS value
Note 1 filter fuse will
blow If the tuning Is
abave approximately
4.8

A

/

AN

N
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Solution 217 Modifying a cap bank to filter on
primary system

New sarvice Fliter Current (Amp)

: E ¢ E E 3

E

50 KVAR Stage Flier Current for a 5th hbarmeonic hned bank at 12 kW Bus

Tuned Bank (5.0) at 12 kV |

Untuned bank at 12 kW - - - - . Tuned Bank (4.8} at 12K\
]
Fire Rafim — L —1 s
42 52
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Filter configuration

AFilter design developed with
system simulations
(SuperHarm) and Filter
Design Spreadsheet.

ASolves 5t harmonic
resonance problem for all
compensation levels

AAllows use of existing filters
for the customer and helps
other customers too

ACost sharing
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Results of Actual Filter Implementation 7 Impact

on THD

Voltage THD Values

— Substation

— Fllter
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Grid-I1Q
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Grid-1Q Overview

GRID- IQ.COM
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Benchmarking
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DPQ/TPQ 3
ERN PQ View
D Engine
Other DBs

Distribution PQ
Docs from 1D

Literature
Survey

DB
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Circuit Model Database - Overview

ALibrary of models of distribution circuits

AModeling platform: OpenDSS
I Open source software developed by EPRI
I http://sourceforge.net/projects/electricdss

AApproach
I Circuit selection
T Sanitization
T Validation

APlan

2010

Existing

2012

2013

Number of Circuit
Models

15

30

40-50

70-75
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Circuit Model Database - Key Characteristics

Circuit Alias Cktl |[Ckt2 |Ckt3 |Ckt4 |Ckt5 |[Ckt6 | Ckt7
System voltage (kV) 125 |25.0 |[25/8.3|25/4.8|12.47 |13.8 |125
Sub primary Voltage (kV) 115.0 | 115.0 | 115 115.0 | 115.0 | 69.0 115.0
3-Ph SCC at Sub Sec. (MVA) 107 148 142 62 114 83 475
Number of customers 999 1102 | 1117 | 749 1379 | 704 5694
Percent residential by load 100 100 100 100 96 92 39
Service xfmr connected kVA 13793 | 19476 | 13086 | 13950 | 16310 | 16275 | 19320
Primary circuit miles total 48 44 72 60 48 79 8
Total feeder kvar 300 1800 | 2250 |[1950 |600 2400
No. of feeders on the bus 6 2 1 1 1 14
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Load Models

AKW, PF and Harmonic Spectrums
AlLoad Types
I Modern Lighting
ACFLs
ALED lamps (2011)
AHybrid CFL
I EV Chargers
I PV Inverter
I Computer Power Supply
I Gaming Systems
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Grid-1Q Harmonic Evaluation Module DEMO
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Energy Efficiency Session

T Reduction of Thermal Losses/Waste Heat Recovery
I Upgrading of Lighting Technology and Controls

T Use of Premium Efficiency Motors

i Efficient Application of Adjustable Speed Drives

I Compressed Air Best Practices

T Chilled Water Systems

I Advanced Technologies

T 1SO 50001/Superior Energy Performance

i FYI-DOE ITP Tools



Manufacturing Net Electricity Consumption

Process
Cooling and Othoer
Refrigeration 6.2%

Facility Lighting 6.8%

6.9%
Electro-
Chemical /
Processes i _
8.50% Machine Drive
50.2%
0 .
9.2% Heating
12.1%
Total Net Electricity Consumption = 2,840 Trillion Btu, 2002
All Manufacturing Industries, NAICS 311 -339
Source: Energy Information Administration, 2002 Manufacturing Energy Consumption Survey
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Waste Heat Recovery

Alf a facility has process

exhaust ;
I Waste heat may be i S
available! H HH
I Boiler Stacks (~j>
I Afterburner/Abatement W Il
Systems -t
i Furnace/Oven Exhaust N7 7 :

H[T]H
/ \ -d'x/ |
EPRI Power Quality and Energy Efficiency Presen tation
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Waste Heat Recovery

A Benefits

I Significant energy savings
potential

I Reduced energy costs

Flue losses

Wall loss

%

Furnace

Operating loss

1
Gross N'et

i Reduced capacity/size fuel - fuel  Availale

nput input heat

requirements for boilers or *—%

3

Useful output
(heat to load)

furnaces

A Consider all waste streams to
determine viability of appropriate
waste stream recovery systems

I Heat losses must first be
minimized
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Waste Heat Recovery

A Common Uses
I Preheating combustion air
I Steam generation
I Water heating

I Load preheating
A Methods

I Heat Exchanger
I Heat Pump
I Steam turbine (CHP)

A Processes
I Waste heat to heat
I Waste heat to cooling/refrigeration

I Waste heat to power
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Suggested Actions Install Waste Heat Recovery Systems
* Use PHAST with current and

projeced enerey commoesrme. | 1OF FUEI-Fired Furnaces

:ﬂg‘é;mﬁummehem For most fuel-fired heating equipment, Figure 1. Heat in flue
) _ a large amount of the beat supplied is - =

B e wasted as exhaust or flue gases. In Fusel: G s Wetaral Biss 1002 Dlueu 1, 2.6 5 i

gz“dsm‘:;’_f:"“ furnaces, air and fuel are mixed and e =

: burned to generate heat, some of which £

T is transferred to the heating device and La{u;m :\

15D # B its load. When the beat transfer reaches | i, =
gmmimmm its practical limut, the spent combustion | % ] b
Process heating system efficiency, gases are removed from the firnace i
to obtain DOE's publications and via 3 flue or stack At this point, theze H =
Process Heating Assessment and gases still hold considerable thermal E‘In::l-us ma:::; - i
Survey Tool (PHAST) softweare, energy. In mamy systems, this is the
or learn more about training, greatest single heat doss. The energy efficiency can often be mcreased by using waste
mmmﬁ_wmm heat gas recovery systems to capture and use some of the energy m the flue gas.
WWW.eere energy. Zov industry!
bestpractices. For natural gas-based systems, the amount of heat contained 1n the flue gases as a

percentage of the heat input in a heating system can be estimated by wsing Fizure 1
Exhaust gas loss or waste heat depends on flue gas temperature and its mass flow,
of In practieal terms, excess air resulting from combustion air supply and air
lezkage mto the furnace. The excess air can be estimated by measuring cxygen
percentage in the flue pases.

Waste Heat Recovery
Heat losses mmst be mimmized before waste heat recovery is imvestigated. Figure 2
highlizht= epportunities for enargy savings.

The most commeonly used waste heat recovery mathods are preheating combustion
air, steam generation and water heating, and load preheatins.

Preheating m.el. Heat losses
Combustion Air.

Latauss
Priy ey

A recuperator is the
most widely used beat —
recovery device It is tenperzia
a gas-to-gas heat
exchanger placed on
the stack of the fornace el
that preheats incoming | ,,

air with exhaust gas. it
Designs raly on tubes .
of plates to transfer
heat from the exhaust
Zas to the combustion

Lyge
tangerihrn
e

[

Ferazing
.

: Ponr Debistivy  Berhat Do B
arr and keep the ey and discuing  comessten Lied Szt
w2y B

g =N

streams from mixing.

@ U5, Department of Enorgy
Energy Efficiency and Renewable Energy

Bringh joos & prosperties Rikire whans energy b chaan, aibundont, refsbls, anvd sflosishla

ASee www.eere.energy.gov/industry
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Waste Heat Recovery

AThree Key Elements
I An available waste heat stream
i A feasible recovery technology

i A suitable application for the recovered energy

oven o dryer, cooling
towear watar

¥aste Heat Stream Becovery Technology
Examples: combustion Examples: passive heat
exhaust, process exchanger, powear
exhaust, hot gases from generation, heat pump -

Ref:
Waste Heat Recovery in Industrial Facilities: Opportunities for Combined Heat and Power and

Industrial Heat Pumps. EPRI, Palo Alto, CA: 2010. 1020134.
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Use for Becoverad
Energy

Examples: preheating
{combustion air, boiler
fecdwatar, kiln load),
alectricity ganaration,
hot water (domestic or
Process)
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Feasible
Recovery

Technology
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Temperature
Classification

Waste Heat Source

Use for Recovered Energy

Technologies

High * Furnaces * Combustion air preheat * Passive heat exchangers
(=1200°F) — Steel electric arc * Process steam — Recuperators
— Steel heating * Power generation —Regenerators
—Basic oxygen * Furnace load preheating — Air preheaters
—Aluminum reverberatory | * Medium or low temperature — Regenerative/recuperative
— Copper reverberatory process needs burners
—Nickel refining — Finned tube heat
—Copper refining exchangers and
— Glass melting ECONOMIZers
o [ron cupolas —Waste heat boilers
« Coke ovens * CHP —steam driven
* Fume incinerators
# Hydrogen plants
Medium * Combustion exhaust * Combustion air preheat * Passive heat exchangers

(450 —1200 °F)

streams

— Steam boiler

—Gas turhine

—IC engine
* Heat treating furnaces
* Ovens

—Dirying

—Baking

—Curing
* Cement kilns

» Process steam

* Power generation

» Furnace load preheating

# Feedwater preheating

s Low lemperature process
needs

« CHP
— Steam cycle
— Organic Rankine cycle
(ORC)

Low
(= 450 °F)

* Combustion products from
recovery systems
—Gas fired boilers
— Ethylene furnaces
* Steam condensate
* Cooling Water
—Furnace doors
—Annealing furnaces
— Air compressors
—IC engines
—Refrigeration condensers
* Ovens
—Dirying
—Baking
—Curing
* Hot process liguids or
solids

* Space heating

* Domestic water heating

¢ Low temperature process
needs

* Heat pump (increase
temperature to useful
range)

* ORC
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Typical Catalytic Oxidizer After Burner System

700e F/
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Example Waste Heat Recovery Opportunity

~750e F/ 399eC

212e F/ 10

Hea
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I
s

Catalytic Oxidizer
After Burner System

ZE ‘ - \
24 Waste Heat
‘ %

NG Boiler(s)

123

EPIS | wesearci msmiore



Example Medium Waste Heat
Availability At Plant Site

Chart Recorder
Exhaust heat
~750¢e F / 3

Average Average
Anemometer

Thermocouple

Measurements Measurements
~3900ft/min
10 8m/s 211.6e F/ 19g0ecC

Waste Heat from Afterburner Systems: ~6.54 MM BTU/Hr Thermal
~ 2 MW Electric
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