ELECTRICAL POWER QUALITY

What is it ? Why is it important?
How do we analyze it? How do we improve it ?

Kevin Loucks, B.Eng., CEM
National Sales Manager — Power Quality
Schneider Electric
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What is Power Quality

An ideal three-phase Electrical
Energy Supply system has the
following characteristics for each
phase:

Nominal magnitude
Nominal frequency (60Hz)
Sinusoidal waveform

Symmetry on all 3 phases

A disturbance of one or may of
these parameters constitutes a
Power Quality disturbance

Listurbancea
categqory

Transients

Waveform
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Effects

Equipment malfunciion
and damage

Possible causes

Lightning or switching of
inductive / capacitive loads

Intermupton
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Downfime, equipment
darmage, loss of data
possible

Utility faults, equipment
failure, breaker fripping
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Downtirne, sysiem halts,
data loss

Litility or facility faults,
startup of large molors
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Equipment camage and
reduced life

Litility faults, load changes

Undervoltage
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equipment falure

Load changes, overioad,
faults

Overvoliage
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Equipment camage and
reduced life

Load changes, faulls, over
compansation

Harmonics

.-"'I.ﬂ.-"'l.ﬂﬂﬂ

Linbalance

VMUMNUNNY

peces

Equipment damage and
reducad e, nusance

breaker tripping, power
losses

Malkfunction, motor
damage

Blectronic loads (non-
linear loads)

Unequal distribution of
single phase loads

Vaoltaga
fluctuations

h ]
ANy

Light flicker and
equipment malfunction

Load exhibiting significant
current vanations

Power frequency
vanations
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Maliunction or motor
degradabion

Standby generators or
poar power infrastructure

Power Factor ™

Increased elactricty bill
oveslioad, power losses

Inductive lnads (ex.
motors, ransformers...)




Supply-side vs. Demand-side Power Quality

If the source providing Power to a customer has Power Quality disturbances, the customer will
"see" these PQ disturbances.

Without a "high-end" Power Quality Meter, the customer will not be able to discern whether the origin of the PQ

disturbance is supply-side or demand-side.

Typical supply-side disturbances are Voltage Sags and Voltage Transients.

Even if the source is free of Power Quality disturbances, the customer can "create" their own
demand-side PQ disturbances.

Typical demand-side disturbances are Harmonic Distortion, Voltage Sags (aka Flicker) and Power Factor.
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Primary Causes of Increasing Prevalence of PQ Problems

A massive increase in the installation
and use of non-linear loads.

= Non-linear load usage increases
approx. 70% per year.

An increased reliance on the sensitive
equipment for the control of production
and business processes.
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Benefits of improving your Power Quality

The benefits The negative effects
of improving of PQ issues

powe r qual Ity * Energy losses « Utility penalty costs

* Unplanned downtime * Decreased productivity
* Improved energy efficiency * Premature aging e Service call costs
Reduced utility costs of equipment » Decreased reliability
Reduced waste and

improved operations WayS tO im p rove
Increased productivity powe r q ua I |ty

Minimized downtime
Increased equipment » Power factor correction * Power conditioning
and power reliability » Voltage stabilization - Reactive power

* Lower operating costs * Harmonic filtering compensation
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Include Digitization in your Design

Provide clients access to advanced analytics
and recommendations through the Connected
Services Hubs and EcoStruxure Advisors

technology.

Improving data visibility thanks to offers like
PME at the Edge or in the Cloud.

Digitizing the electrical distribution installed
base with Power Meters, Relays, Sensors,

etc. Voltage distortion

Power Advisor
Asset Advisor

Apps, Analytics
& Services

Edge Control

| P Cummunu..d’llunh Ba(:kbofm

5
I
Connected Eh . é] \ﬂ; E E tI'
Products “‘,’;p*::l':"'::u ‘"‘"ﬂ"' Etm- Varmble UPS
:mu wamm B.-_

um_-wup

Gmnn:-': Steam



Measurement
Analysis Report

On Site
Remote
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What are Harmonics?

Harmonics are frequencies in the distribution
network that are INTEGRAL multiples of
fundamental frequency.

Its presence creates DISTORTION in the
VOLTAGE and CURRENT deviating them from
the sinusoidal waveform.

Harmonic currents are caused by NON-LINEAR
LOADS connected to the distribution system.

= Called non-linear because the current they absorb
is distorted even if the supply voltage is perfectly
sinusoidal.

= Effects 1-phase and 3-phase loads.
= Effects current and voltage.

= Harmonic Spectrum will indicate Harmonic Orders
(1,5, 7, 11, 13, etc.) 3"9 harmonic on neutrals.

= 3-phase devices DO NOT produce triplen (H3, H9,
H15, etc.) harmonics.

= 1-phase devices DO produce triplen harmonics.

Fundamental
—— Harmonic

—— Distorted wave
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Why Manage Harmonics?

Harmonics are a possible cause of nuisance:
Its presence creates DISTORTION in the CURRENT and

r A

VOLTAGE deviating them from the
sinusoidal waveform.

¥

Overload of distribution networks due to increase in

RMS currents.

Overload of neutral conductors where current exceeds
total phase currents.
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Overload, vibration and premature ageing of generators,

transformers and motors. THDi = 63% THDi = 7%

Overload and premature ageing of Power Factor

Correction capacitor banks (specifically capacitor 22k 510
. Recommended Practices and Requirements for Harmonic Mitigation
banks that are NOT de'tuned). QIEEE in Electrical Power Systems ‘ ¢

Distortion of the supply voltage that can disturb

agn . ER G5/4-1: Planning levels for Harmonic Voltage distortion and the connection
SenSItlve Ioads SUCh as sensors or medlcal process gnq of the non-linear equipment to Transmission system and Distribution network in UK
equipment. Lociaton
Disturbance in communication networks and telephone IEC 61000-3-6: Assessment of Emission for distortion due to loads
lines I EC in MV & HV Power Systems
-

Compliance to Standards and Utility Provider
Requirements:

IEEE-519, IEC61000, ER G5/4-1, Local Utility

Internal



Principle of Active Harmonic Filtering

Harmonic Filters are FLEXIBLE for any type of
installation:

Harmonic Active
generators filter Result

Can be used for all types of harmonic producing :‘ .s
loads (e.g., VFD/VSD, LED lighting) e

Can be applied to:

Harmonic

* A single load in the case of a predominant
harmonic generator in an installation. Harmonic
generators
« Connections at the low voltage busbar level, or; I—'ﬂw— > ggg;e

« To mitigate the harmonics generated by a group of
loads.

Adaptability to future load changes
Easily scaled to future connected loads

Fast (correction response is <2 cycles, effect
can be seen immediately)

Effective (can reach the targeted compliance of
any standard or regulation)

No Resonance (since there are no passive
capacitors used, the risk is almost zero)



AccuSine+ Applications & Benefits

AccuSine+ Applications: AccuSine+ Range by Capacity:
> AccuSine PCS+ > AccuSine PCSn > AccuSine PFV+ Units in PARALLEL §iE
Industry segment Building segment Industry segment 690V <
- 2 M 9 & f PCS+/ PFV+
Irl-r:Iz:maI [og-&lzl#gaos'e Marine Commencial & Retail space Irt‘i*::}'ial ﬂ-:llft:rl:ﬂ;luiﬁ“ Co:‘. r:E::ia : I
Office space Healtheare o et s ABDV —fl e = o o o o o o o o o o o o o e e e = = = = = = —— 5 or 4 wire
@ % @ é W JET'I:D @ ! 3phase loads
& o P= — PCS+/ PFV+
Water Processing Hot=l & R nanree Datacenter Distacenter Processing
Wastewater plants Mining Casing & University  Cloud Farm i E Ll 415V J = .
1 3 or 4 wire / 3p & 1p loads
Infrastructure & Buildi t Industry segment Infrastructure & Energy segment - S A :
““ﬁ “’%' k'Y Wy oAz = it 4 o3 240vac PCS+ PEV:] apnase loacs
i . Light Food & Crieal  pjq,  Utly  Renewable W B o \ 0-
e Airport HUAC  Healthcare Industrisl  Beverage power network Energy 20A S0A 60A 200A 300A T20A S000A
* PCS+/ PFV+ can be used for MV Applications upto 15KV with Special Transformers
AccuSine+ Range by Function: Benefits:
Phase Neutral Power Factor | Mains Current | Environment | Volt - VAR ) ) R )
harmonics | harmonics | Correction Balancing conditions | support Reduce Capltal expendlture (CAPBX) |ntegratl0n with Management SYStems
& Operational expenses (OPex)
AccuSine PCS+ Harsh &
heavy
Industrial # Decreased line Current Irms # Performance Monitoring
AccuSine PCSn u u u u SIS » Reduce oversizing of Cables, Transformers,  » Remote Control
& light Busb Ci it
industrial usbars, Lircul » Power Quality Assurance
AccuSine PRV+ n n Harsh & n n » Possible expansion without requiring % Reduced Losses
h additional resources and equipment
in?L:gtrial quip # Improvement in Network & Asset lifespan

» AccuSine solves both Displacement PF (cos ¢) and True PF.
» AccuSine PCSn is not the same as PCS+
#» PCS+: harsh electrical (e.g. DC drives) and mechanical environments (e.g. IP54)
#» PCSn: less harsh environments (e.g. commercial type loads — UPS, LED loads etc, IP20)
» Ultra fast power factor correction can be done using AccuSine PFV+.
» Hybrid VAR compensation can be an engineered solution of VarSet & AccuSine PCS+/PFV+

Internal
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What is Power Factor?

Apparent Power

The Utility/Generator as a source provides VOLTAGE
while the Consumer/User derives CURRENT from this
source to fulfill their requirement.

Reactive Power

Active Power

The product of this process is POWER having three Apparent Power (S)

components * Transformer, Switchgear, cables
Apparent Power (S) (kVA) is the basis for the electrical are designed as per apparent energy
equipment rating.
« S=VxI
Active Power {Kli!f] =
Active Power (P) (kW) is the real power transmitted to 7 oS
loads such as motors, lamps, heaters and is transformed by ]
into mechanical power, heat or light. SN
P=Vxla

Reactive Power (Q) (kVAR) is required to generate the
magnetic field inside the motor.

Q=VxlIr




What is Power Factor Correction?

The network must supply Active Power (P) and Reactive
Power (Q) to loads such as motors.

P
[ Acive Power J [NNIIR | Acive Power 2
network

Q

Power

generation

In the vector representation, the Current (l) can be split into
two components:

la is called the “Active” component,

Ir is called the “Reactive” component

Ia_ V..

Ir

Reactive Power Compensation

The principle of “Reactive Power Compensation” is to
generate the reactive power close to the load, so that the
supply source could be relieved.

Capacitors are most commonly used to supply reactive
power.

H=

Transmission

network
Reactive Power

C dpd[.lmrh




Why Correct Power Factor?

Advantages of P.F
Correction

* Reduction in

Generation
Reduction in KVAR |usmms a o]

Demand Effective utilization
Reduction in
Electricity bill

of generated power
Reduction in KVA

Demand

Reduction in
Reduction in Transformer Rating

awitchgear Rating \ Reduction in Line
Current MEENEY Reduction in Line
Reduction in < loss
Cable / Bus-bar size

nnnnnn




Mo Power Factor Correction With Power Factor Cormection

=1
=

Power Supply Eleciricity Bill Power Supply

7

Reduce carbon footprint

* Use power more efficiently
* Fewer CO, emissions

VarSetl Smart

, LV Capacitor Banks
Unlock extra system Capacity apacitor Ban

_—
* 36% increase in power capacity* MV - LV Transformer
+ 30% optimization in transformer rating o ——
» 25% optimization in cable cross section :!
0=
Pay less for power —

« Electricity bills can be reduced by 10%
* ROI within 12-24 months

* Based on raising Power Factor from 0.70 to
0.99

Confidential Property of Schneider Electric | Page 21

B active Power (kW) B Reactive Power (kv 2% Exira Power Capacily



Efficient Power Factor Correction

The inductive effect of motor loads can be offset by

using locally connected capacitors:

If a load has a capacitive value, Inductors (also
known as Reactors) can be connected to correct
power factor.

Where the kVAR rating is Less than or equal to
15% of the supply transformer rating, Fixed
compensation can be used if the power factor
requirement is more or less steady.

Where the kVAR rating is Greater than 15% of the
supply transformer rating, it is advisable to install
Automatic compensation, which should also be
used if the power factor is fluctuating over time.

This correction unit consists of a number of
capacitors that are switched by a number of
contactors.

Depending on the load and power factor of the
network, the controller will switch the necessary
blocks of capacitors in step to ensure the power
factor stays above the selected value.

Fixed Compensation Automatic Compensation
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Steady & regular demand Variable demand

day/night, week/weekend, summer/winter

PF Controller measures P.F. & switches steps in
& out to maintain user defined target P.F.



Selection of the ‘Compensation Mode’

Compensation mode | Characteristics

'g_s HV disfribution network
E I
o
Global Economical solution for non ® 8
e on HV distribution (1) fluctuating loads.
e at MV level (4) No benefit for the MV distribution network a i
e at LV level (3) downstream installation.
By sector Convenient for a large installation, —
e at MV level (2) with workshops having different load emslnbuhon . ]
e at LV level factors transformer ‘ '
Individual Very appropriate when the load '_ 8 MvLvy 1
« at LV load side (6) power is significant compared to ot —- {6 —
the subscribed power. ' "
|deal technical configuration, as _I l ' i
the reactive energy is produced '@ . I
exactly where it is needed, and : LV busbar '
adjusted to the demand " : " '
- '
6] : ® Q. ®

] . L I

— - - . - -
LV subscrber MV subscnber MV subscnber




PowerLogic™ PFC Capacitor Bank Offer

Variable or Unstable loads

1 o 1 (0] 1 (0]
Network TDDi <8% TDDi <20% TDDi >20%
Harmonics THD (U) <3% THD (U) <7% THD (U) >7%
Automatic
Compensation
*\ 480 and 600V/60 Hz 4 480 and 600V/60 Hz 4 480 and 600V/60 Hz PowerLogic PFC and
From 50 to 250 kvar From 50 to 200 kvar From 250 to 1000 kvar AccuSine PCS+

Confidential Property of Schneider Electric | Page 24
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Appearance & Features

Our power quality site audit and data measurements
will help you discover any hidden weaknesses and
validate the real efficiency of your current electrical
distribution.
Portable and compact case.
CT's and voltage taps for temporary and retrofit installations.
Fully programmable energy meter with other inputs.
On-board logging of all data and events eliminates 'holes'. THE
Secure 3G/GPRS transmission back to web-hosted EMS. ikt

Real-time and historical data published to secure datacentre for

analysis and reporting.

Email alarming and reporting.

Internal



How it is installed

The portable power quality meter will be installed in your

electrical distribution system for a short duration

depending on disturbance profile discoveries.

Live electrical equipment will require de-

energization during meter installation and removal.

The meter can be mounted to the exterior of the cabinet

or equipment.

120V power supply will be required to power the meter

and allow for live data collection/monitoring.




What it allows SE to do

PME reporting based on true data compared to 5 O (y
offline loggers CSV (comma separated values) data 0
that can be manipulated. of mission-critical

Comprehensive power quality audit to identify root power outages are

cause of power disturbances. due to PQ issues

Verification of PQ compliance for utilities —

transmission and distribution systems.

Prepare feasible options for solving Power 7 O 8 O O/

of power disturbances

Quality issues.

Verify energy savings for energy efficiency projects.
originate inside
Additional risk analysis assessment during our Field .
facilities
Services Expert journey.

Collect relevant PQ data to specify and size AHF,

PFC and/or other power quality solutions.



1319 14th Avenue Calgary Voltage Measurements

Enmax 208V supply dedicated to tower crane operation.

208:480V site transformer located on ground, downstream of utility supply.

480:460V Buck-Boost transformer located downstream of 208:480V transformer, on top of a tower crane.

PQ Kit 1 - Voltages LL (Min, Mean, Max)

1st week of Data

- Monitoring point was on load
side of 208:480V transformer

2nd week |

Monitoring p
on load side

of Data

DINt WaS ——p
of Buck-

Boost transformer

SN2 Ban022 12022 T2 2022 TR TER022 TG0 72022

T WD TriARee2 THSR022

Tr62022 T2 TR0z

460

440

360
340

2B0

260

220
200
1840
160
140
130
100
B0

=H]

a0

Wiewar | 30 days w "'ﬂ-l-
1554V Wellaga A-E High
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1319 14th Avenue Calgary Supply-side Analysis

Conclusion: Utility power not contributing to

power quality issues.

PQ monitoring system indicates that the voltage
drops on the load side of the 208:480V transformer
are within expected parameters for the proper

function of electrical equipment.

The largest voltage drops recorded are

approximately 35Vrms (480Vrms - 445Vrms).

Represents a 7.3% drop from nominal voltage which
is within tolerances.

465.4V Voltage A-B High
4251V Voltage A-B Low
428 9V Vollage A-B Mean
453.4V Voltage B-C Mean
464 .6V Voltage B-C High
4253V Voltage B-C Low
458.6V Vollage C-A Mean
464 .8V Voltage C-A High
426.9V Voltage C-A Low

480
460

440
420

400

Internal
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1319 14th Avenue Calgary Demand-side Analysis

Conclusion: Downstream electrical equipment

(tower crane) contributing to power quality

465.4V Voltage A-B High

4251V Voltage A-B Low 45{}
458.9V Voltage A-B Mean

453.4V Voltage B-C Mean

464.6V Voltage B-C High - 460
4253V Voltage B-C Low
453.6V Voltage C-A NMean
464 8V Voltage C-A High
426.9V Voltage C-A Low

issues.

PQ monitoring system indicates that the voltage

drops on the load side of the Buck-Boost transformer

on the top of the tower crane (480:460V) Exceed

440

expected parameters for the proper function of

electrical equipment.

420

The largest voltage drops recorded are

400

approximately 55Vrms (460Vrms - 405Vrms).

Represents a 12% drop from nominal voltage which
is within tolerances and generally leads to shut down

or malfunction of equipment sensitive to drops in

711512022 711672022

supply voltage.

Voltage dropped to Zero during this incident. A result of
equipment shutting down due to integrated safeties
detecting low supply voltage.

Internal
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SchineiderrElectric offers a unlqﬂe value proposal for

Power Qualityfsellitions =

Investlgate PQ problems anywhere in Canada

B Dlagnose and quantify probms onsite or remotely =

“

Produce comprehensive engineering reports

Simulate network behavior as necessary
Design and deliver custom PQ mitigation solution
Validate performance

Support equipment through extended warranty and

preventative maintenance



THANK YQOU!

Any questions?

29 i
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