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ABB Power Quality Products
Who are we ?

Flicker control {—

Dynamic compensation

———
- |

= Located in Charleroi (Jumet), Belgium

Tow

Reactive power compensation

- 120 people
= Technology focused company (TLC)
- Worldwide activity
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Cost of poor Power Quality/Environmental impact
Examples of impact of harmonics

Losses/ CO,

year emissions/year
Small/medium 3000 € 20T
transformers

| Large 10000€ 100T

transformers
LV cables
(per100m) O00€ 15T

10% . N
Motors additional 10% additional

emissions
losses

Note: Actual results may be different from examples. Values given do not constitute a
performance guarantee and depend on local conditions
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Examples of damage due to poor Power Quality




Standards and regulations for Power Quality
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Your Benefits

= Proper operation of
connected equipment

- No penalties

- Purpose: no network ‘distortion’ beyond

permissible levels

- Standard references

- |[EC-standards
- |[EEE 519-1992 (USA)
= G5/4 (UK)



Lighting technologies
IEC 61000-3-2 harmonic emission limits

2 5

Light Emitting Diode Compact Fluorescent Lamp Dimming systems
(LED) (CFL)




Reasons for investing in Power Quality

Your benefits of having good PQ
- Reduction of technical problems

- Compliance with utility regulations
= Increasing the production efficiency

- Rendering your installation more
environmental friendly

- Add more production capacity

Poor Power Quality: - No need to buy a new transformer

- Harmonics = De-stress your network and that of the
- Reactive power Authority

- Load imbalance = A new consumer can be connected to

the existing system without any further

That ultimately results in _
infrastructure costs

down-time and high
running costs
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Top/bottom approach
How to identify low Power Quality issues?

What is customer What is customer target? What are the
problem? documents to collect?

Penalties or high electrical bill Save Energy (reduce Single line diagram
electricity bill or penalties)

Power outages (frequent). Solve technical problems Electricity bill
Tripping of MCCB (without (power quality issues)
over loading) or isolated MCB
Technical issues: failed Improve general efficiency Type of load & load
devices (drives, fuses, etc.)  (maintenance cost, down time, conditions
process, etc...)
Overheating of transformers Compliance with international Measurement (realized
cables (incl. neutral), etc. regulations (IEEE, IEC, with a Power Quality
Gl4/5,etc...) device)

“Brown” or burnt devices

PLC (electronic card failure) or
computers, UPS

Hamming sounds in motors
and transformers
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Generic SLD of a typical installation

W

!

Non-linear Linear loads Compensators

loads (resistors, (capacitor banks,
(drives, PC'’s, ‘motors’,...) filters, Dynacomp ...)
CFL,LED...)
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Normal compensation
Principle
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« Step fuses

- Contactors

- Reactors

- Capacitors

A 1D ED
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Reliability and safety first
Result of strict components specification

= “First class components”:
- CLMDO03 power module: exceptional reliability & safety
- ABB specific reactor: electrical robustness
- TS8 type cubicles: mechanical robustness
- RVC & RVT controllers: proven and easy interface

= ABB contactor
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ABB LV capacitor technology

CLMD presentation
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Knock out
Robust terminals, easy connection
Earth terminal

Discharge resistors (< 50V in one minute)

Robust steel enclosure
(also available for outdoor installation)

Self healing & Dry dielectric
Internally protected element (IPE)
Thermal equalizer

Vermiculite
Inert and non-toxic granules



LV capacitor units: CLMDO3
Flexibility and Modularity

CLMDO3W SP with cable out
1 output
2 outputs
3 outputs
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LV capacitor units: CLMDO3
Label description
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1st option ———»400
2nd option — > 400
3rd option ——— 415
4th option ——— > 380

i ART.Nr.  2GCA291621A0030
Al‘g C€ Type: CAP F5/6 V420/380 Q54.2/50.8 S1 CLMD02
Un (V) fn (Hz) Qn (kvar) L (%) Warning :

50 50 5,67 After disconnaecting from supply, wait

50 50 7 2 min. and check the absence of

50 50 0 residual voltage before handling the

60 50 0 pans

-— Connection D TEC 60821-1 (2002) / IEC 60821-2 (1995)
Ui: 4/8kV  Cat:-25°C/D Self-healing, dry Made in Belgium 09-12-08

Un =400V — fn = 50Hz

-~

50 kvar
A
5.67%

~

CLMDO03 - 2GCA291621A0030

Un =400V — fn = 50Hz

-~

50 kvar
A
7%

~

CLMDO03 - 2GCA291621A0030

Un =415V - fn = 50Hz

[ ——

50 kvar
A

~

CLMDO03 - 2GCA291621A0030

___Optionl _ __Option2____Option 3 Option 4

Un = 380V — fn = 60Hz

[ ——

50 kvar
A

-
CLMDO03 - 2GCA291621A0030
i
B

AL ID D
Rpmw



ABB LV capacitor technology
Why ABB Capacitors (CLMD / CLMDOQ3) ?

Unique multi-level protection mechanism:
Self-healing: remove small internal defects

Internal fuse: disconnect the IPE from high short-
circuit current

Second foil winding: blow the fuse when internal temp
IS too high

Vermiculites extinguish fire and absorb energy
Full product range solution to the customer
Safe and reliable with 20 years life time
Stringent than IEC standard test procedures
More than 30 years dry capacitor knowhow

More than 60 years experience in PFC capacitor
technology
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LV contactor-switched capacitor banks: APCO0O3 series
Powerful and compact

= = Only master execution
a APCLO3:
_— - Wall mounted

= From 50 to 200 kvar
= Also available in reinforced execution
= P21

= APCMO3:

« Free floor standing

» From 200 to 600 kvar

» Also available in reinforced execution
- |[P23D

APCRO3:

% « Free floor standing

— « from 100 to 300 kvar

« Reactor: 5.67%, 6%, 7% and 12.5%
- 1IP23D

ADD
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Easy to install and use
Ready to use equipment: APCM03 & APCRO03

Fans — Air outlets ——

Circuit breaker (optional)-

——Air inlet

— Internal protection grid—

g +— Cable entry
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APCO03 series
“Quick” selection guide

Non linear loads total power (kVA)

Transformer rated power (kVA)

l

Standard range ! Reinforced range!? De-tuned range 2

1 Providing there is no resonance
2 Reactor value must not interfere with existing telecommunication frequency.
3 Requires harmonic analysis. Please contact ABB'’s specialist.
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De-tuned range

+ Harmonic
filtering
solution 3




Fast varying loads with low cos ¢

REACTIVE POWER E.g. welders, cranes, presses, mining, ...

] = Problems:

- Decreased power transmission
efficiency

= Voltage fluctuations and/or collapse

= Flicker
= Other issues:
- Often large powers

= Often weak networks
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ABB thyristor switched capacitor banks

Dynacomp principle of operation
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Dynamic compensation advantages

Ultra rapid response time

No disturbances at switching in of the
capacitors

No maintenance (remote area as e.qg.
windmills farm)

Low losses

Infinite (long) life
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ABB Dynacomp : example
375 kW motor start compensation

Before: AV/V = 7.5% After: AVIV = 1.5%

500 5000 500 5000

_\ N

400 4000 400 4000

300 3000 300 A 3000

Al
Vi
Amps

200 2000 200 2000

100 1000 100 WWW—— 1000

Time (s) Time (s)

- Problem: Excessive voltage drop during compressor start
= Solution: Dynacomp provides the required reactive power
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ABB Dynacomp: example
260 kVA welding application

Before: AV/V = 13.7 % After: AVIV=1.7 %

Amps

Time (s) Time (s)

- Problem: Flicker problem due to repetition rate of welder
= Solution: Dynacomp reduces the AV/V and flicker
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Power Factor controllers: RVC and RVT
Controller is the brain of a capacitor bank

RVC RVT

© ABB Group
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Power Factor controllers: RVC and RVT
Controller is the brain of a capacitor bank

RVC RVT - high end customers
- Simple to use All RVC benefits with:

- Easy to install = Individual phase control

- Unsurpassed reliability - USB/Ethernet/Modbus

« Built-in protections - 3PH power/energy metering

- Value for money (one of the | = THDV/I graphical display,
best price/quality ratio in the touchscreen
market)

= Output: 3,6,8,10,12

- 8 Temp probes
- Output: 6, 12



Fundamental

The best solution to harmonic problems
only ldistortior

ABB active harmonic filters PQF
Supply @f'\ ;\_ K Load AUZ ********** -

/n'compen atiQn
FCE'-EEDAENR m— | OAD ACTIVE FILTER
o CURRENT
POF CURRENT CURRENT
v /]
B e & &8 111111 ir oy /W w w ww/u

Principle of active filtering

Waveforms

S~

|

|

|

|

i
Harmonics




The best solution to harmonic problems
ABB active harmonic filters PQF

PQFI PQFM PQFS

Overview of the ABB active filter models
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Addressing unbalanced load problems

L1: 49.1Arms » M=l [cchnical reasons

L2: 5.3 Arms )
L3: 51Arms N: 44.1Arms 3 B - Unbalanced load current increases
'l ' neutral stress
L1 196Ams - Equipment failure/premature ageing
L2: 19.4 Arms . .
- e - Impermissible neutral to earth voltage
ABB active filters Your Benefits
Incorporate load balancing

technology - N System losses

L : = N Installation down-time
- Balancing line to line

. « N Stress in neutral conductor
- Balancing line to neutral

= A Installation lifetime

- E.g. data center protection
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ABB active filters PQF
Filtering example 1

91.2 MVA
20 kv

T1 T2 T3
2 MVA 2 MVA 2 MVA
6% 6% 6%
400 V 400 V 400 V
3200@i_B ‘ ‘
15 VA

Al K A A

ToT1

700 kvar  Drives PQFA 400 kvar Drives 400 kvar Drives
7% 945 kVA 296 kVA 7% 315 kVA 7% 315 kVA
(1010 A) (1364 A) (428 A) (577 A) (455 A) (577 A) (455 A)
Problem:

= High frequency components disturb production system

= Harmonic loads overload detuned banks
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ABB active filters PQF
Filtering example 1

Initial line current Filtered line current

3000

2000 2000
1000
1000
o \
(o]}
-1000 i
-1000
-2000
-2000
o 5 10 15 20 25 30

3000

Line current [A]
Line current [A]

-3000
35 40 -3000
Time [ms] 0 5 10 15 20 25 30 35 40
Time [ms]
14% A
149
12% A
129%
= 10% g
S 5 10%
S 00 4 =
A g
© S
s 6% £ 6%
3 5
4% O 49
0% m H_ = m
0% - 0 2 4 6 8 101214 16 182022 24

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Frequency [Harmonics]
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ABB Active Filters and the environment
Example 2

Reason for choosing active filter

- Compact solution
- Excellent filtering performance

- Possibilities to perform smooth/transient
free reactive power compensation

The inquiry Customer Benefit
= Solve harmonic problems :
due to propulsion DC - 10% of fuel savings are reported
drives thanks to the fact that a generator
- Perform smooth reactive can be switched off

power compensation
without the risk of
overcompensation
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ABB Power Quality products improve installation
efficiency: Example
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DRILLING RIG OTHER LOADS

Typical drilling rig:
= Low cos phi, high harmonic content and reactive power

= Platform cannot run at nominal rating
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ABB Power Quality products improve installation
efficiency: Results

Electrical Parameters With Dynacomp (Test 2) Without Dynacomp (Test 3)
Line Current (Arms) 1410 3215
Power Factor 0.81 0.36
Line Voltage (Vrms) 629 605
Apparent Power (KVA) 1545 3375
THDV (% Fund) 3.8 6.9
5000
B With Dynacomp ny Without Dynacomp -
4000 4 — - =
g 3000
5
§ 2000 A
1000 4 .
0 - - - - o o

Time [h:mm:ss]

p
June 25, 2013 | Slide 33




ABB Power Quality products improve installation
efficiency: Customer benefits

- Power demand drastically reduced (55%)
= Cos phi drastically improved (0.4 -> 0.8)
= Harmonic pollution brought within class limits (< 5%)

= Installation can run with one generator less under normal
conditions

= Installation can run at > 100% load conditions for weeks as
opposed to limitation to 75% prior to Dynacomp installation

Note: If harmonic stress is very high, typically a combination

of Dynacomps and active filters is used.
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Welding, lifts, cranes,

rolling mills

YES

(Dynacomp)

Industrial applications
(limited notches) =
Standard range

Special applications (MV
applications, oil-rigs,
railways)=» Tailor-made
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Penalty
Energy savings
Hot transformers, overload
Voltage drops

Mainly reduce RMS current

Power outages
Technical issues
Efficiency improvement
Compliance with regulations

YES NO
‘ Low cos o
: Harmonic issues
Fast varying
loads
NO < PQF filters >
|
| | |
Harmonic No notches 3 -wire Special applications
B pollution 3 & 4-wire Industry Oil-rigs
Buildings Large applications Vessels
Commercial Special execution
Banks
YES NO Data centers
APCRO3 or
APCMIL 03 POFS PQFMII PQFI &
APCRO03 + PQF D
ynacomp
or PQF If notches => reinforced

design, consult us

AL 1D
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PQF : Where are they installed ?
Segments

ANDRETAL  PULP & PAPER
A e TEXTILES
OIL & GAS BUILDINGS &
INFRASTRUCTURE

PHARMACEUTICAL
/ CHEMICALS

FOOD &
BEVERAGE
CEMENT,
MINERALS &
MINING
TRANSPORTATION
WATER
INDUSTRY /
UTILITY

MANUFACTURING/

© ABB Group
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Dynacomp: our references
Segments

INDUSTRIES

FOOD &

BEVERAGE HARBOR

OIL & GAS
N

BUILDINGS &
INFRASTRUCTURE

AUTOMOBILE

TRANSPORTATIO

OFFSHORE _
DRILLING

\HOSPITAL

STEEL INDUSTRY
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Conclusions

- ABB has a vast experience in evaluating
and addressing Power Quality issues

- ABB can provide the best possible
Power Quality solutions for your
installations to make them reliable, long-
lasting, energy efficient and
environmentally sound

- Together we can improve the quality
of your installations
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Power and productivity
for a better world™




