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Power Management Offer Portfolio

Measure

Gather accurate power and energy data from
key distribution points, monitor power quality,
log events

Circuit Breaker
ﬂ trip units
2

Power and
Energy Meters

Contactors and @
Protection Relays,
Interoperability

Standard Industry protocols and form factors
Customization: scalability in size and
performance

Power Factor
Correction

Confidential Property of Schneider Electric | Page 2

Understand

Turn data into meaningful, actionable information
for you and your stakeholders

Teporting tools

Seamless hardware integration = ki S
and system interoperability 4

Robust, flexible software platform architectures
Real-time energy consumption monitoring
Dynamic control interfaces
Real-time and historical power quality analysis

Act

Make timelier, intelligent decisions based on
valid, actionable information

Increased energy efficiency and cost savings
Maximize electrical network reliability and
availability
Optimize electrical asset performance
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Different types of Power Quality problems: PQ Fundamentals

In most cases, your Electrical Energy provider
provides you almost perfect Electrical Power.
This is characterized by:

* Nominal Voltage on all 3 phases
* Nominal frequency (60.00Hz)
« Waveforms are perfectly sinusoidal

«  Symmetry in all phases

If either of these characteristics vary, we have
an Electrical Power Quality problem
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Voltage Problems — Basics

Chronic Voltage Problems

Voltage outside £10% for > 60 seconds JVWWWW
Voltage Sag

Voltage < 90% for %2 cycle to 1 minute %%ﬂﬂw&]ﬂ

Interruption

Voltage < 10% for >3 cycles

A Sub-Cycle problem
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H |
Life Is On pneicer




Effects of Harmonics

Different Perspectives

Engineering Perspective Business Perspective

« Nuisance tripping of circuit breaker + Increased maintenance and replacement cost (OPEX)
» Harmonic resonance * Interruptions and downtimes cost

» Capacitor bank failure + Reduced system capacity and thus increase CAPEX by

_ _ unnecessary of expansion.
« Excessive heating

« Transformer overheating

» Skin effects on cables for higher harmonic orders
« Motor winding burnt (dv/dt) & hunting

« Neutral overloading (double neutral)

» Causing EMI to sensitive signals

* Problems to generators

Lifels On | Schneider
5 gEIectrlc



PWM VED without 3% Line Reactance

Current Distortion:

THDi = 90% Basic PWM VSD
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ r Inverte]
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Harmonics:Fundamentals (cont.)

e Power source supplies the
current the loads require for
proper operation

e Harmonic current (Ih) is
produced when an electrical
device uses (draws) current
In a non-sinusoidal manner

e The lower the harmonic
order the higher the
amplitude of the current
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How to rate harmonics -

IEEE STD 519-2014

Table 2—Current distortion limits for systems rated 120 V through 69 kV

Maximum harmeonic current distortion
in percent of Iy,

Individual harmonic order (odd harmunits)"’b

Lol | 3=h<1l |11 h<17|17<h<23 | 23<h<35 | 35=h<50i| TDD
<20° 4.0 2.0 1.5 0.6 0.3 5.0
20<50 7.0 35 2.5 1.0 0.5 8.0
50 <100 10.0 45 4.0 1.5 0.7 12.0
100<1000| 120 55 5.0 2.0 1.0 15.0
= 1000 15.0 7.0 6.0 25 14 20.0

“Even harmonics are limited to 25% of the odd harmeonic limits above.
“Current distortions that result in a de offset, e.g., half-wave converters. are not allowed.

All power generation equipment is limited to these values of current distortion. regardless
of actual I./It
where
I, = maximum short-circuit current at PCC
I = maximum demand load current (fundamental frequency component)
at the PCC under normal load operating conditions

IEEE 519

Table 1—Voltage distortion limits

Individual Total harmonic
Bus voltage F at PCC harmeonic (%0) distortion THD (%b)
rstokv ool 30 i 80
1kV<FV<69kV 3.0 5.0
69KV <=F=161kV 1.5 2.5
161 kV =¥ 1.0 1.5°

*High-voltage systems can have up to 2.0% THD where the cause is an HVDC terminal
whose effects will have attenuated at points in the network where future users may be

connected.
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Harmonic Mitigation Solutions

VSD with .. VSD with Multi-pulse supply
Chok passive
no filter % ZE) Filter 12p 18-p 24-p
< 5%
THDi
— 5._8%
THDi
] 12.15%
THDi
10..20% A
THDi
I
S—
30...40%
THDi
90-120%
THDi
.

Active Active Front
Harmonic End VSD
Filter

3% to 5%
THDi

2% to 5%
THDi

Figure 1 THDI levels achieved with various harmonic mitigation methods
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AccuSine PCS+

Before

After

This selection meets or exceeds the harmonic objective of

8.00%

THDi

This selection fails to meet the objective displacement PF [Cos ¢] of

0.9500]

DPF (Cos &)
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AccuSine PCS+ theory of operation

AccuSine PLUS is a power electronic converter utilizing digital logic to inject corrective
currents into a 3-phase power-source. These injected currents will compensate for
existing harmonic currents from the 2nd to the 50th harmonic order drawn by non-linear
loads connected to that grid.

Harmonic Active
generators filter Result

25 un — ns 93
3 ::-1%
Harmonic E ;
(-l ﬁ
Harmonic @ | M}\/\V/\/\

generators

| Active
| 24 of hire s
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AccuSine PCS+ Demo Video
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13 aEIectric



AccuSine PCSn — Single Phase Harmonic Mitigation

Mitigating harmonic current for 3 phase
AND neutral loads.

Eliminating excess current in the neutral
due to load imbalance.

Correcting load imbalance and nuetral
harmonic current due to single phase
non-linear loads.

Building segment

M9 H ke s

Commercial &  Retail .. Hotel& Life sciences Light Food &
Office space space Casino & University Industrial Beverage
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Different remedies for different Power Quality problems

YNy
Yy yYY -

"v"“v"“v"“v"“\'"“\'"“\"

NN
\

oot

Life s On | Schneider
3 Electric






Power Quality Audits

Case Studies
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Case study 1: Active Harmonic
Filter turnkey project, hospital
application

Customer Profile

In late 2013 a mid-size hospital reported the malfunction of several
dialysis machines which were significantly impacting the quality of patient
care. Schneider Electric’s PQ Engineer performed a first PQ Audit in
January. This PQ Audit led to the sale of a PME 7.2 (Power Monitoring
Expert) Power Monitoring system which was utilized, in conjunction with a
fleet of PM800 Meters, sold as part of the initial construction, to measure
the harmonic current produced by VSDs added throughout the facility as
part of an Energy Efficiency project.

The existing situation

The hospital’s air conditioning system had recently been modernized with a
fleet of Variable Speed Drives (VSDs). These VSDs were polluting the
hospital’s electrical network and were regularly causing the new dialysis
machines to malfunction. Diabetic patients were regularly sent home and
asked to reschedule their treatment. The hospital’s management had visibility
on this problem and were eager to find someone with the knowhow to solve
the issues. Schneider Electric’s senior Power Quality specialists pinpointed
the source of the harmonic distortion to be VSDs which were installed
throughout the facility to efficiently regulate airflow and air pressure. The
harmonic current produced by the VSDs was interacting with distribution
transformers throughout the hospital and creating Voltage Distortion.
Schneider Electric provided a turnkey proposal to design and implement PQ
mitigation within the hospital’s facility.

Turnkey design
& installation proposal

We sold our abilitysprovide a turnkey proposal to comprehensively
analyze and mitigate the Power Quality-problems-afflicting the
dialysis machines. These PQ problems were severely-impacting the
quality of patient care and inhibiting the hospital’s ability}io"-manage
diabetic patient care.




Power Quality disturbances

« 1. Voltage Distortion (aka THDv or Vthd)
« 2. Voltage Sag
« 3. Multiple Zero crossings
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Schneliden Eﬂ@@ﬁ[ﬂ]@ @{Ffr’@ a unlqﬂe value proposal for

i — Investigat'e PQ problems anywhere in Canada

——
—

G , 2 8 Dlagnoseand guantify- pmb?lﬁs onsite orremo‘[ely =y

3.

N o0\ o=

Produce comprehensive engineering reports

Simulate network behavior as necessary
\

Design and deliver custom PQ mitigation solution
Validate performance P 4

Support equment through‘extended warranty and

preventatlve maintenance




Pre-installation: Preliminary harmonic study

Vortage where Accusing sysiem = aches [

| Point of Common Coupling (Pcc) |

MCC Transfomer - Secondary

Harmonic Standard for current limits is| IEEE 519-2014

(optional)
Applied operational mode(s):

| Harmonic Mitigation:| x | THD Required:

| Power Factor Correction:] x | DPF (Cos ) Required: 0.95

Percent of AccuSine PCS system assigned for Harmonic Mitigation:

AC Motors Operating Direct-on-Line

Equipment list for NONLINEAR LOADS

Rated Full Load

Maximum

. ) N Rectifier nstalled Maximum Capacity Full Load
Item | Quantity Size Unit of Measure Type of Equipment pulses Impedance Utilized Displacement
(%2) PF
1 3 75 HP PWM VFD 6 3.00% 100.0%
2 1 75 HP PWM VFD 3 3.00% 50.0%
3 1 15 HP PWM VFD 6 3.00% 100.0%
4 2 20 HP PWM VFD 6 3.00% 100.0%
5 1 5 HP PWM VFD 6 3.00% 100.0%
6 1 15 HP PWM VFD 6 3.00% 100.0%
7 1 30 HP PWM VFD 6 3.00% 100.0%
8
]
10
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IEEE 519-2014 Table 2

Item | Quantity Size Unit of Measure PE(N | c ity Utilized
(Nameplate) | Capacity Utilizes [, % TDD

11 1 41 HP 0.800 80.0% <20 5%
12 1] 45 HP 0.800 50.0% <50 8%
13 1 52.48] HP 0.800 80.0% <100 12%
14 1 2.5 HP 0.800 50.0% <1000 15%
15 >=1000 20%

| Equivalent installed impedance: | 3.00{%

| Selection adjustment factor according to installed impedance: | 1.20]
System Short Circuit Ratio (ShCR) @ selected PCC: | 39.8|:1
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Uncorrected System

T fRMS Original System Current
ypeo . .
Amplitudes & Total Harmoic Power
Current . .
Current Distortion

Total Iy 430.1 amps 447.02 KVA
Total I;,,q 420.3 amps 40243  |KW

I AccuSine+ rating required @ system bus voltage: | 81.7 Iamps

AccuSine+ rating required @ unit base voltage: 81.7 amps
I User Selected AccuSine+ rating @ unit base voltage: 94.0 Iar‘nps

Corrected System

Type of RMS Corrected Ctjlrrent Ampli-‘tudes: & N T —
Current Total Harmoic Current Distortion
Total |, 420.9 amps 437.41 KVA
Total liyng 420.3 amps 402.43 KW
Total I, 22.4 amps 0.9986 Distortion PF
Total |, .pcrive 141.1 amps 146.68  |KVAR
% THDi (achieved) 5.33% 0.9395 Cos ¢
0.9382 Total PF

(Displacement PF)



Case Study 2: Sawmill with Power Quality Meter

. Schneider Electric switchboard includes a PM8000 power quality meter
. Need for a power factor and harmonic study to size a capacitor bank and verify harmonics.
. PMB8000 data downloaded in order to size equipment.
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Case Study 2: Sawmill with Power Quality Meter

*700kVAR sized based highest recorded peak demand

* Low THDi & THDv

Existing P.F (%) <«
Desired P.F. (%) <

Load (kW) ‘ I

Kilowatt Factor

Required kVAR

»
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Case Study 3: Industry with PME

* Industries prone to
* Voltage sags symptoms:
— Pharmaceutical
— Hospitals
— Electronics manufacturer
— Water/waste water treatment plant
— Food & Beverage
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500
_ 400
E
= 300-
§
2 200
g
=
100— . . .
0.0001 0.0071 001 01 10 100
Duration (s)
—— ITIC High — ITIC Low * SeversIncidents = Incidents
Worst Disturbance per Incident
ID Incident Time Meter Type Phase Duration (s) Magnitude (%)
1 4/9/2018 2:49:48 PM group1.Station_B001 Sag V1 0.082 54.60
2 4/16/2018 12:50:30 AM group1_Station_B001 Sag V3 0.152 5119
3 5/3/2018 5:15:01 AM group1_Station_B001 Sag V3 0115 3581
4 5/30/2018 12:01:13 PM group1_Station_B001 Interruption V1 5,461.043 0.00
5 6/2/2018 9-42:08 AM group1_Station_B001 Sag V3 0.016 89.90
6 6/4/2018 6:22:54 PM group1.Station_B001 Sag V2 0.026 81.07
7 §/13/2018 8:21:49 pym | JrOUP1SWNen BO0 o rption v 794.331 0.00
8 6/13/2018 10:56:18 PM group1_Station_B001 Interruption V1 624 286 0.00
9 6/24/2018 3:54:04 PM group1.Station_B001 Sag V1 0.009 87.68
10 7/2/2018 7:40:56 PM group1.Station_B001 Sag V1 0.150 86.16
11 7/4/2018 10:41:20 AM group1_Station_B001 Sag V3 0.083 81.16



Case Study 4: Commercial Building

Problem

 Commercial building busbars suffered
from constant noise.

« Security threat, as resulting vibrations
can lead to loosening connections.

« Source from single phase non-linear
loads.

Solution
* |nstallation of 1 PCSn active harmonic
filter to reduce harmonic distorsion.

« Significantly lowered neutral current
and eliminated noise.
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Case Study 5: Municipality with PME

* Water/Waster treatment plant
* High harmonics detected
« Existing capacitor bank failing. 35.000

30.000

9/1/2018 12:00:00 AM - 10/1/2018 12:00:00 AM (Server Local)

25.000

i 20.000

15.000

10.000

5.000

B Nmp— e P o . A FRGPSS
) sadenadanil an o N NP N

0.000
9/2/2018 12:00 AM 9/9/2018 12:00 AM 9/16/2018 12.00 AM 9/23/2018 12:00 AM 9/30/2018 12:00 AM

Main_Elec. Main_PDC Main_Elec.Main_PDC _ Main_Elec.Main_PDC ____ Main_Elec. Main_PDC
~—— THD Current A —— THD Turrent C THD Voltage A-8 THD Voltage C-A

(%) (%) Main_Elec. Main_PDC

Main_Elec Main_PDC THD Voltage B-C

THD Current B
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PQ Audit Case 6: Industry with Power Advisor

Potential Issue: Excessive Voltage Harmonic Distortion Condition

0 Meltshop.EMO3A

Device Type: 7330
Threshold: 3.00% THD System Load Affected: 2,127,700.04 %

Comment: Excessive Voltage Harmonic Distortion Cendition has been found for multiple
measurements at this location. The most severe is: Voltage Total Harmonic Distortion Mean on Input
V1 reached 42.04%. This indicates significant voltage waveform distertion. It would be useful to
include phase voltages and currents to be logged.

THD Voltage A-B mean 0.00 % 7.719% 0.00% 42.04% —
THD Voltage C-A mean 0.00 % 7.80% 0.00% 41.43% —
THD Voltage B-C mean 0.00 % 7.46% 0.00% 40.17% —
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Other Cases Studies

«  Lighting retrofits

« Water/waste water treatment plants
« Cannabis

*  VFD retrofits

« Small/mid size industries

Confidential Property of Schneider Electric | Page 29
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Case Study 7: Industry with ION7650

Large factory in Greater Toronto Area
suffering from process line shut downs.

Magnitu Magnitu Flywheel UPS

H H Duration Magnitud Event # phases SagFighter
. Each time there is an unplanned shut Event#  PUINON ey | de de O ecred will sorreets  will ride Timestamp
Phase2 Phase3 through ?
dOWﬂ, 1 0.767000 0% 0% 0% Interuption 3 No YES 09/07/2016 8:00:08.565 AM
2 0.000065 0% 0% 135% Interuption 2 No YES 09/05/2016 9:48:33.482 AM
. System shuts down and powder Coatmg 3 0.000048 127% 0% 0% Interuption 2 No YES 09/04/2016 12:14:18.558 PM
4 0.000065 0% 130% 0% Interuption| 2 No YES 09/03/2016 8:40:46.923 AM
Y Spreads across the factorles’ 5 0.000016 0% 0% 119% InteruDI]_Dn 2 No YES 09/01/2016 6:26:46.531 AM
6 0.000016 118% 0% 0% Interuption 2 No YES 8/27/2016 8:08:53.866 AM
e H H 7 0.083000 48% 46% 32% sag 3 YES YES 8/26/2016 5:24:38.765 PM
°
requirng a thorough Cleamng every time. 8 0.900000 0% 0% 0% Interuption 3 No YES 08/07/2016 6:44:22.174 AM
P . T 9 0.880000 0% 0% 0% Interuption 3 No YES 7/29/2016 6:16:42.307 AM
°
Exmng ION meter installed by Utlllty 10 0.941000 0% 0% 0% Interuption 3 No YES 07/03/2016 6:55:05.439 AM
. 11 0.925000 0% 0% 0% Interuption 3 No YES 07/01/2016 6:48:08.814 AM
°
StUdy determined VOltage sags and 12 0.109000 50% 499, 56% Sag 3 YES YES 6/24/2016 4:27:54.514 AM
; H 13 0.867000 0% 0% 0% Interuption 3 No YES 5/30/2016 12:16:31.980 AM
interru ptIOI’]S 14 0.033000 45% 47% 31% Sag 3 YES YES 5/20/2016 6:58:31.446 AM
15 0.000065 133% 0% 0% Interuption z No YES 5/23/2016 11:20:57.288 AM
16 0.075000 48% 53% 509 Sag 3 YES YES 5/17/2016 10:01:39.796 AM
17 0.125000 55% 48% 48% Sag 3 YES YES 05/06/2016 7:46:17.937 AM
18 0.000016 120% 0% 0% Interuption z No YES 05/01/2016 9:53:51.004 AM

21



Case Study 7: Industry with ION7650

Table 1 : Summary of financial impact of the Sag Fighter™! and Flywheel UPS solutions

SagFighter™ Flywheel UPS
Solution Solution
Number of events covered by data 5 18
Number of weeks of data 18 18
Prorated estimated number of events
per year 14.4 52.0
Average event cost 30,000 | S 30,000
Yearly cost of events avoided 433,000 | S 1,560,000
Estimated value of investment required
for implementation of complete solution
for all 10 process lines 1,593,000 | § 2,484,000
Simple Payback in months 44 19
Simple Payback in years 3.68 1.59
SagFighter™ Flywheel UPS
Solution Solution
Estimated value of investment required
for implementation of a solution for one
(1) process line 235,000 S 339,000

9



Old facilities: Power Factor Correction Opportunties

Electricity bills
Fixed capacitors should be removed.

Automatic capacitor banks: detuned & maintained.

CAUTION

WHEN CONTACTORS ARE
OPEN BOTTOM SIDE
TERMINALS ARE LIVE
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Solution: Sag fighter and UPS

Voltage

Input Voltage Injection Qutput
\ NN Voltage Injection

é' Surge e Voltage \
Suppression

x | Bypass SCRs ‘ ‘ ‘ ‘ ‘ ‘

ot | p

Rectifier . Sag
N
Draws extra current from the "healthy" phases to create an injection voltage

Figure 3 : SagFighter sketch

400Vac 60Hz

Utility
Power

Voltage event
ride-through
system

Machi
process line

Figure 2 : positioning of the "Voltage Event Ride-Through System"

1



Voltage Power Quality Case Study: Sure Volt

« Pharmaceutical company with highly senstive electronics.
« End of a utility line, suffering voltage drops during peak demand.
« Sensitive equipment goes offline, unplanned downtime

N
TN

g8 gBut

[

JZXEXTIII

il
[ P

K



Data extracted from ION meter

Lowest recorded voltage in past year: 75% of nominal voltage

Recommended range: +-10% nominal voltage

Voltage drop %
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Proposed solution: Sure-Volt

500kVA Sure-Volt proposed at artery where sensitive equipment is failing.
Regulates voltage +-3%
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PQ Audit Case 3: Industry with PME

* Industries prone to :
« Voltage sags symptoms: ﬁ o0
— Pharmaceutical um
— Hospitals ™ -

0.0001 0.001 001 o i 10 100

— Electronics manufacturer Suration 5
— Water/waste water treatment plant CTm T s

Worst Disturbance per Incident

ID Incident Time Meter Type Phase Duration (s) Magnitude (%)
1 4/9/2018 2:49:48 PM group1.Station_B001 Sag V1 0.082 54.60
2 4/16/2018 12:50:30 AM group1_Station_B001 Sag V3 0.152 51.19
3 5/3/2018 5:15:01 AM group1_Station_B001 Sag V3 0115 3581
4 5/30/2018 12:01:13 PM group1_Station_B001 Interruption V1 5,461.043 0.00
5 6/2/2018 §:42:08 AM group1_Station_B001 Sag V3 0.016 8990
6 6/4/2018 6:22:54 PM group1.Station_B001 Sag v2 0.026 81.07
7 §/13/2018 8:21:49 pym | JrOUP1SWNen BO0 o rption v 794.331 0.00
8 6/13/2018 10:56:18 PM group1_Station_B001 Interruption V1 624 286 0.00
9 6/24/2018 3:54:04 PM group1.Station_B001 Sag V1 0.009 87.68
10 7/2/2018 7:40:56 PM group1.Station_B001 Sag V1 0.150 86.16
11 7/4/2018 10:41:20 AM group1_Station_B001 Sag V3 0.083 81.16
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Case 4: Municipality with PME

«  Water/Waster treatment plant
* High harmonics
« Existing capacitor bank

9/1/2018 12:00:00 AM - 10/1/2018 12:00:00 AM (Server Local)

35.000

30.000

25.000

20.000

15.000

10.000

5.000

B Nmp— e P o . AN PP
st N S N N

0.000
9/2/2018 12:00 AM 9/9/2018 12:00 AM 9/16/2018 12.00 AM 9/23/2018 12:00 AM 9/30/2018 12:00 AM

Main_Elec Main_PDC Main_Elec Main_PDC Main_Elec Main_PDC Main_Elec Main_PDC
—— THD Current A ~—— THD Turrent C T THD Voltage A-8 T THD Voltage C-A

(%) (%) Main_Elec Main_PDC

Main_Elec Main_PDC THD Voitage B-C

THD Current B

(%)
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PQ Audit Case 5: Large industry with Power Advisor

Potential Issue: Excessive Voltage Harmonic Distortion Condition

0 Meltshop.EMO3A

Device Type: 7330
Threshold: 3.00% THD System Load Affected: 2,127,700.04 %

Comment: Excessive Voltage Harmonic Distortion Cendition has been found for multiple
measurements at this location. The most severe is: Voltage Total Harmonic Distortion Mean on Input
V1 reached 42.04%. This indicates significant voltage waveform distertion. It would be useful to

include phase voltages and currents to be logged.

THD Voltage A-B mean 0.00 % 7.719% 0.00% 42.04% —
THD Voltage C-A mean 0.00 % 7.80% 0.00% 41.43% —
THD Voltage B-C mean 0.00 % 7.46% 0.00% 40.17% —
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Power Advisor

Power Monitoring Expert

[ 1 7 es2

O supervisor | Logout | Settiogs | Hew

DIAGRAMS TABLES TRENDS ALARMS REPORTS PQADVISOR
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»Simple, meaningful power system analytics
»Understand business impact of poor power quality
»View cost impact from low power factor
»Monitor the evolution of electrical system health
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Power management with Power Quality Performance

Power Quality ™\
Services Performance
Audit, technical
support & application
services
IMMMMHA;('?! @
Software E——
- Demand generation :
Software application .
specific to PQ in Directly from software
Industrial Plants
1 1 | 1
Metering / Comms / IEDs Voltage Sag Mitigation

Hardware
Modular & scalable to fr—
fit customer needs & wei

plant size [[m =L

Up to 300+ devices Y,

Plant Floor

From industrial loads
to ma;in incomer
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Power Quality Performance

Power Monitoring Expert
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»Simple, meaningful power system analytics
»Understand business impact of poor power quality
»View cost impact from low power factor
»Monitor the evolution of electrical system health
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