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Power Quality in Electrical Power Systems

Where do Power Quality problems come from




What is Power Quality

An ideal three-phase Electrical
Energy Supply system has the
following characterisctics 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
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Why do we care about Electrical Power Quality

Process reliability
Equipment life
Maintenance costs
Energy efficiency
Cost of energy
GHG emissions



The primary causes of the
Increasing prevalence of Power
Quality problems are

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

2. Anincreased reliance on
sensitive equipment for the
control of production and
business processes
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Understanding the root of Power Quality problems SCI&"E,ee'CC!ﬁf
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How much does one hour of unplanned downtime cost ?

Hourly Downtime
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How much does a Power Quality event cost ?

HOw MUCH ARE POOR POWER QUALITY EVENTS
COSTING YOU?

The following average costs by type of poor Power Quality event were calculated from the

survey results:
Surge or transient: €120,000 - 180,000
Long interruption: €90,000
Short interruption, service sectors: €18,000 - 36,000
Short interruption, industry: €7,000 - 14,000
Voltage dip: €2,000 - 4,000

Source: LPQI 2015 (Leonardo Power Quality Initiative)
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Power Quality disturbances are one of the major cau  ses of
unplanned outages and equipment failures

30-40% of all unplanned outages are related to poor Power Quality

T B Transients and surges

B Harmonics ——
Wiring/Grourgding . !

B Capacitor Switching ' Shortinterruptions

W Load interaction B Longinterruptions

u Cthar B Other

W EMF/EMI W Harmonics

® Pouer Conditioning

Most common power quality issues (US) Most common power quality issues (EU)

Companies get sued & people get fired when this stu  ff happens



Benefits of improving your Power Quality

The benefits The negative effects

of improving of PQ issues
powe r q ual ity - Energy losses = Utility penalty costs
* Unplanned downtime = Decreased productivity

Improved energy efficiency = Premature aging = Service call costs
Reduced utility costs of equipment = Decreased reliability
Reduced waste and "
improved operations WayS tO Iim p rove
Increased productivity power q u al |ty
Minimized downtime

- Increased equipment * Power factor correction = Power conditioning
and power reliability = Voltage stabilization - Reactive power

» Lower operating costs = Harmonic filtering compensation




Our Technology
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Power Quality problems

Schneider

gElectric

3-phase balanced
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Measure

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

Circuit Breaker
ﬁ trip units

Power and
Energy Meters

Contactors and
Protection Relays,

Power Factor
Correction

Interoperability

Standard Industry protocols and form factors

Customization: scalability in size and
performance

Understand

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

Intuitive visualization and
reporting tools

Seamless hardware integration K
and system interoperability

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

Confidential Property of Schneider Electric | Page 15

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



Turnkey Project case study

Active Harmonic Filter installation in existing hospital



Howawewentiabolit selvingthe"Harmonic Distelitien*problelm

. Investigate the PQ problems

: Diagnose and quantify problems onsite

and remotely

Produce comprehensive engineering report with

recommendations

. Prepare turnkey proposal for the Design and

implementation of a custom PQ mitigation solution
Execute turnkey implementation

Validate performance




Power Quality disturbances

1. Voltage Distortion (aka THDv or Vthd)
2. Voltage Sag
3. Multiple Zero crossings
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Mitigates Mitigates
Voltage Mitigates Multiple Zero
Distortion Voltage Sag Crossings on
on Dialysis on Dialysis Dialysis
Solution Pros Cons Machine Machine Machine Estimate Recommended
Will solve Vthd ;
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No effect on A - 64,0008 + A
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Substation measurements

Unit Substation B (600V)

Bus A: THDv=3.6 %,
THDi=14.8%at 1.113 A

BusB: THDv=42%
THDi=13.8 % at 1.368 A

Switchboard ED (600V)
Bus A: THDv=3.7%
THDi = 8.0% at 594 A
Bus B: THDv=4.6%
THDi=19.3% at 723 A

Unit Substation C (208V)

Bus A: THDv=3.6%
THDi=6.2 % at 200 A

Bus B: THDv=4.2%
THDi=3.4% at 295 A

Unit Substation EF (208V)

Bus A: THDv=3.6%
THDi=5.8% at 250 A

Bus B: THDv =4.6%
THDi=5.5% at 265 A




Simplified hospital electrical system

Normal GENERATOR Normal GENERATOR

SR W
0

l 600 V Bus, 3P3W 600 V Bus, 3P3W l
T-EF2 T-EF1
Other 600 kVA 600 kVA Other Loads
Loads 600/208/120V 600/208/120V
Delta/Wye Delta/Wye
%Z=5.2 %Z=5.2
+ 208/120 V Bus, 3P4W I 208/120 V Bus, 3P4W ‘
100 A

Dialysis Electrical Roo Panel Loads

- —
;’ _l__> Existi_ng Dia_lysig

I I Machines Circuit
Other Loads

L __ ]| Proposed Upgrade

T-EF2/ T-EF1 Electrical System Schoeider



VTHD = 3.6%
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Our Value Proposal




SchineldePElectric offiers a unique value proposal for
RewerQuality*selutions

1.

2
3
4,
3}
§)
7

Investigate PQ problems anywhere in Canada
Diagnose and quantify problems-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




3-phase balanced
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Power Factor Problem

Causes

= Large motors, Lightly loaded
transformers

Signs/Symptoms

= Power Factor penalty on utility bills
Business Impact

»  $$$ Penalty

= Wasted electrical capacity
Solution

= Capacitor Bank

= Inverter-based PFC system

Scbhneider

gElectric

Poor Power Factor is an opportunity
for savings
= Power Factor (PF) is a measure of
how efficiently one draws power
from the grid
» |tis expressed as a percentage
= 77% or 0.77
= Below 90% (or 95%), a billing
penalty is applied by the utility
= |f the currentis “in phase” with the
voltage, the PF=100%
»= PF can be improved with AC
capacitors
Be careful !!!
= By applying the wrong capacitor
system, you can create other PQ
problems: Resonance, Voltage
Distortion, Voltage Transients 26



Automatic Capacitor Bank Schneider
& Electric

Standard automatic

capacitor bank:

: (8 8.8
= Contains stages (or steps)
= Each stage contains: To Fan To Fan
= Mold Case Circuit Breakers /

= Contactors for switching capacitor
= Capacitors

= Usually installed at the 7

b 5 b i
main substation el (1 WL W
T T T T

= The PFC Controller T
measures the PF &
switched capacitor stages
as required to maintain a
PF above the desired value




Low Voltage Automatic Schneider

Capacitor Bank with Detuning Rector (DR) LPElectric

De-Tuned automatic capacitor
bank :

= Same as automatic
capacitor bank with De-

(¢ 8 ¢
Tuning Reactor (DR) :
= Works like a standard TLO Plant To Plant
: ) oads Loads
automatic capacitor

bank b
= Stops the resonance | | ;| |
between the capacitors —Fontole \
T

and the supply - ? ? ? ti=

transformer.

= (aka Filtered or Anti-
Resonant )




VarSet LV Capacitor Bank

« Available at 208V, 480V and 600V

* Available with Main Lugs and
Main Breaker

* Available in Standard Automatic
and Detuned Automatic




Harmonic Distortion




AccuSine PQ Inverter

3-phase balanced i ML _ Sags/swells
: Overvoltage

PALLAL

Ay t
vr vr vr vi vy vyvy : Power Factor

frw\ IM%, '(Vl* Harmonics
J IU"'..J ! \

- WW * Transient (Spike)
wmm . Phase unbalance

. notches

Blackout W
” AVAVAW RS
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Harmonic Distortion Problem Schneider

gElectric

I."‘u M | Harmonic Distortion can affect
| , | { current and voltage
J ',,_|,.---'-=.,_..|I .l._..-""'-.f \ = Harmonic Distortion exists because

the waveform contains higher order
frequencies (multiples of the 60Hz

Y fundamental or “harmonics”)
5 - = Harmonic Distortion is the most
% . common Power Quality problem
E el today, excluding poor PF
), = In the context of Electrical Power
i - Systems, Harmonic Distortion is
e g T usually separated into:

1. Current Distortion
2. Voltage Distortion
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Harmonic Distortion — Current

Scbhneider

gElectric

@ 10
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§ o7
o 08
o 05
S 04

= 03|
T 42
01
o0 - -

1 3 65 7 8 1 13 15 17 18 2
Harmonic Number

Harmonic Current Distortion is the
most common form of electrical
pollution in today’s industrial,

institutional and commercial facilities

Causes
= “Non-linear” loads: VFDs, electronic power
supplies, Arc Furnaces, anything electronic,
Most things energy efficient
Signs/Symptoms
= Transformers/cables overheating
= Nuisance tripping of circuit breakers
= Fuses blowing
= Voltage Distortion
= Capacitors overheating
Business Impact
= Low energy efficiency
= High repair costs
Solution
= Active Harmonic Filter
= Line inductances in front of “non-linear”
loads
= Passive Harmonic Filter
= Distortion free devices
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Harmonic Distortion - Voltage SC'&'}EﬁICC!ﬁIC‘

Causes

A M I,’\_/"L = Usually, Current Distortion flowing through
\

| | \ standard transformers
J' i '-.-"ﬁ".-"! 'ﬁ; 1 = Rarely, Distorted Voltage from Utility
Signs/Symptoms
= Sensitive equipment “crashing”
o 10 intermittently: Computers, PLCs, VFDs,
s Medical equipment, Communication
5o systems
2 g _ = Motors overheating
= Capacitors failing prematurely
e e L s = High replacement rate for sensitive
Homonte tumber electronics
Business Impact

Harmonic Voltage Distortion is the ~ most = Unreliable electrical system: Downtime

= Intermittently unavailable IT and financial
pernicious Power Quality problem transaction systems
= High repair costs
Low energy efficienc
ution
Eliminate Current Distortion

—_ =

encountered in today’s industrial,

institutional and commercial facilities
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AccuSine PCS+




AccuSine PLUS theory of operation

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

Harmonic Active
generators filter Result

1.% 1.% 1.§1
0.5 05 r— 05 PH
3 45 12 3
Harmonic 8 3
Harmonic @ l G A AP
05

generators

o~ = Active
?2 ‘m—m_ ﬁ f”ter

N
]
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Harmonic Mitigation with AccuSine® PCS
At VFD Terminals — Order

Fund 100.000% 100.000%
3 0.038% 0.478%

5 31.660% 0.674%
7 11.480% 0.679%
NP 9 0.435% 0.297%

Tek

~ AccuSineinjection 11 7.068% 0.710%

: - - - - 13 4.267% 0.521%

‘ . A In - S 15 0.367% 0.052%

N \ | _ I 17 3.438% 0.464%

! '\ / : s.oomv mMS.00ms Cha # .16V 19 2.904% 0.639%
VF Tek S00KS/s 224 Acas 21 0.284% 0.263%

ha éooﬂn' 1.0% V:: 0. 02X H;rz‘ i i 23 2.042% 0.409%

- L ' 25 2.177% 0.489%

. ' ' 4 27 0.293% 0.170%
¥ oI\ . . S 29 1.238% 0.397%
31 1.740% 0.243%

==y 33 0.261% 0.325%
| N | 35 0.800% 0.279%

37 1.420% 0.815%

. Y Y 39 0.282% 0.240%

T 41 0.588% 0.120%
MEooms ens 4TIV 43 1.281% 0.337%
45 0.259% 0.347%
47 0.427% 0.769%
49 4839% 0.5909%

0 0
Schneider Electric - Power / PFC — J. Peronnet — 2009 Yo THD(I) 35.28% %



AccuSine PCS+ Performance

o

Schneider Electric - Power / PFC — J. Peronnet - 2009
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Life Is On




