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Agenda ALSTOM

* Introduction 10min
« ESP Voltage 15min
« ESP current 15min
* Line distortion 10min
* Discussion 10min
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Introduction ALSTOM

Introduction

- ESP voltage

« ESP current

* Line distortion
* Discussion
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Dust collection principle ALSTOM

Discharge electrodes év Collected dust

Clean gas

Dust-laden
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Dust particI'Ts

Collecting electrodes
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ESP principal design ALSTOM

Rectifier circuit

i

Supporting insulator

Charging

Gas flow

.
——
\

Earthed

Discharge electrodes

"spiral wires" Collecting electrodes

"Plate curtains”
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HFPS vs. Conventional T/R

Technologies ALSTOM
* Mains Frequency Power Supply
50/60 Hz
AC :‘[Ej’ ][ AC . N HV DC
* High Frequency Power Supply
50 kHz
Ac : DC )) ][ oc

Comment: In the HFPS technology, the mains is rectified and then chopped to a higher frequency
This high frequency AC is then rectified to give a smooth output voltage to be supplied to the ESP



Typical circuit diagram
ypP! reuitdiag ALSTOM

DA LT IR €35 SR
3-phase >

power supply ‘,_}’ A K °

A _@ F1- | ESP
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SIR - Switched integrated rectifier ALSTOM

SIOMAB #3 - upgrade with SIR

Waste incinerator in
Brussel

Guarantee from LAB
5.0 mg/NM3d.g

‘ "R.C.” ‘

||

) |

2 pes T/R 70 kV/600 mA \A//b\v T/R 120 kV/400 mA
|

Dry-ESP

Dust ‘ T/R readings T/R readings Dust ‘

SIR 80/250 ) ; ) 75kV/80mA
in C only o T o Pe g =7kW 7-10 mg/Nm3d.g
: A:41kV/500mA
SIR 70/800 In 80kV/120mA
A%B also 2.859/Nm? B:38kV/750 mA 30-35 mg/Nm’ Pgr =11kW 2-4 mg/Nm3d.g

Pry; =49KW
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SIR - Switched integrated rectifier ALSTOM

Dumont Wautier - Belgium
Limekiln #4, SIR upgrade

s 77 Y
550-600°C ‘ FLS ESP 1FAA 2x36F-7590
Required to get
= below 150 mg/Nm3
| A B at 6% 0,2137 mg/Nm?
'5\6)0 | O:t at7.3% O

2 pcs Transductor T/R's rated 50 kV/600 mA
Before: 2 conv. T/Rs P

Dust - In T/R - readings Dust - Out

After: 2 SIRs 70 kV/800 mA in A&B, no mech. upgrade

ER -

1* Goal achieved!

L A: 47 kV/800 mA ~75 mg/Nm?®
Dolomite: x ~ 50 g/Nm3 B: 37 kV/800 mA at7. 3 6 O,
P SIR = 67 kW /
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Rui — 120 MWe, ElI | - Belgi
uien# 3 0 e, Electrabel - Belgium ALSTOM

ESP: R.C., 2 chamber with 4 fields + MIGls
Fuel: Import Coal + SO3 - injection

Before upgrade

— Discharge electrode: weighted wire
- T/R: 4 pcs conv. 70 kV/1250mA

— Dust em: 150 — 200 mg/Nm? at 100
kW

After upgrade

- Discharge electrode: ribbon
- 8 pcs SIRE 70kV/800mA
— Dust em: 20 — 25 mg/Nm?® at 220 kW

Alt. Investment Ext. with 1 field for 1.9 MEUR + 5w downtime a 1.0
MEUR or

for 20 mg/Nm?: Inst. of 8 SIRs for 0.35 MEUR + 1w downtime a 0.2 MEUR
"
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Observations from installations ALSTOM

Based on more than 1700 installed High frequency power
supplies

« Higher current density
- Higher corona current

* Improved charging of dust particles
- Higher holding forces

* Less reentrainment

* Increased voltage
- Higher E-field
* Improved particle drift (migration velocity)

Comment: The HFPS technology gives both a higher average voltage and a higher current.



Dust emission vs Power input ALSTOM

Emission

Back-corona conditions

Non-back-corona conditions

Power

Presentation title - 13/07/2009 - P 12

© ALSTOM 20089. All rights reserved. Information contained in this document is provided without liability for information purposes only and
is subject to change without notice. No representation or warranty is given or to be implied as to the completeness of information or fitness
for any particular purpose. Reproduction, use or disclosure to third parties, without express written authority, is strictly prohibited.



ESP voltage ALSTOM

* Introduction

ESP voltage

« ESP current

Line distortion

Discussion
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HFPS vs. Conventional T/R
Electrical Performance — Output Voltage

Peak kV
Voltage
[kv] ESP A X— e Spark level
80 — — VOlEE\g/]e :
ST | | :
60 L S O I I P !

[AVATAR J\y\J\U\J\

— 1
40 7 \
Conventional T/R VaIIey kv
20 T |
i
i
Time i ! ESP
0 T . Current
[s] >i > [mA]
Conventional T/R SIR

Comment: The HFPS technology gives a higher average voltage compared to a

conventional T/R (for the same current)



ESP voltage, HFPS vs conventional

Due to the non-linear current voltage
dependency,

I=1,(U-U

will the high frequency power supply
give a higher average voltage
compared to the mains frequency
power converter for the same current.

LU>U, , n>1(2)

onset)n

Ex: Ugyser = 20 kV, I(60KV) = 1A, n=2
1: 1= 1A (50%), 0.1A (50%)
U (1A) = 60KV, U(0,1A)=32.6kV
=> U, ,=46.3KV, I,,.=0.55A
2: 1= 0.55A (100%),
U(0.55A) = 49,7kV
=>  U,,;=49.7KV, I,,,=0.55A
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ESP current ALSTOM

* Introduction

- ESP voltage

» ESP current

* Line distortion
* Discussion
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ESP t
SP curren ALSTOM

20

Peak kV

ESP

Voltage
kv

kv

SIR

. Iy
IRVATARAVAVATAVAVA E—

40 \ /

Cdnventional [T/R / Vail ley kV

/

. ESP
A 4 Current
I 4}. mA
Conventional T/R ! With SIR
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Effects of an higher ESP current ALSTOM

Holding forces, given by E-field and current

* Higher current density
- Higher holding forces
* Less reentrainment
« Rapping
- Higher acceleration needed

— Adapt current during rapping
« Power Controlled Rapping, PCR

Comment: Separation in time, benefit from high holding forces when collecting dust, adapt the holding

forces when rapping (PCR)
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Power Control Rapping ALSTOM

Current

o
Rapper — I I I I I

operation

VTimE

Red is secondary current.
Green is rapper operation.
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PCR, sequence ALSTOM

Probdo- Il History Trend - 09033100.DA[), PER. TRH =] o [d]

File Format Options | Help
11> ] >3] [Four 34 [F534 [6634 [7934 [23[34 [00[z<] [00
- ALhne LInit 52 Current: 09-06-29 16.12.14
= Current10 maA)  Unit52 Trend: 09-03-31 23.00.00
= SecCurrdve LInit &1
200.00
250000 g g e g :
2b00.oo : : : : : :
160.00 : : : : :
200000 T Frommm o o R fromrrn s
2000.00 i i i i i
Ten.no : e e e : i
150000 T promrmrr e frrmmmem e frrmrm F prormrr e !
180000 H H H H H H

go.oo
1000.00
1000.00

40.00
500.00
500.00

0.00 5 : : : 5 5
0.00 i i i i i i
0.0n 0 10 20 30 40 50 &0

{min)
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PCR, rapping peaks ALSTOM

Probdo-Il History Trend - 09040300.DA0, PER. TRH Z] [

File Format Options | Help

5l =1 Four 24 [664 G634 [2824  [17]24 [00]3] [o0
- ALxAnE Lnit52 Current: 03-06-29 15.59.17
= Currentf10 (ma) Unit51 Trend: 09-04-03 17.00.00
= SecYoltPeak Unit 51
200.00 ™= Secvoltvalley Lnit 51
1000.00 : : : : :
1000.00

168.00
20000.00 4
G00.00
G00.00

136.00
1500000
600.00
£00.00

104.00
10000.00
400.00
400.00

7200
5000.00
200.00
200.00

=
=
=
=
-
=
ra
=
%]
[ B AR
n
=
m
=
o
=

{rmim)
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Dust layer, E-field and voltage ALSTOM

I: lon current
density
E'fleld ©)

i
Bz E: Electric field
s

_ " R: Dust layer
E=Rxi Ir resistivity

T Collecting plate

Voltage B 5

Back corona

&
©

High resistivity

d Dust layer thickness

U=dxE

B

Comment: Dust layer voltage is determined by current, dust layer resistivity and dust layer thickness



Dust cake formation inside ESP

ESP Fundamentals
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Impact from dust-layer thickness ALSTOM

Note the drop in kV after PCR every two hours. This is a second field and this drop is a good
Sign of working Power Control Rapping

- Socisurrdye (mA) Unit14 Current: 31/06/00 12:03:549
Secyvoltive kv Unit14 Trend: 3105/00 09:00:00

= TstDigln11 fglpl Unit14
10000 ™= Secyvolttwe F¥ Unit13

S ——_————m————

050 |
S

0.00 g
30.00

Comment: Note the drop in kV after PCR every second hour.

The ESP voltage is often a valuable indicator of the rapping efficiency



Intermittent energization, pulse mode ALSTOM

Tek T @ stop ¥ Pos: 24.00us TRIGGER
M Type
%@ @F o

Source

CH1 )‘_
-. ‘_} A
B

d*
Slope
Rising

-—-n\//"*\/"”q \/ Lily AN D —I ]I— [
1

Coupling

W 10.0rms

CHE2500m Yy
a—-fpr-03 15:44

W Pos: 2.100ms TRIGEER
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Source
CH1

Tek . e @ Stop

Slope

Fisina
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oF
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Intermittant izatli King |
ntermittant energization, sparking ALSTOM

Tek JL @ Stop W Pos: =1.440mms TRIGGER

B

.
........ i Rising ._} l

. BSLRU,, 34 4@%
| | | Coupling

2¥

i LI LTLT LRI EL LI L

CHE G0y W 508 _
30-Mar-03 1810 500us/div

CH3 200%Ey

Telk e @ Stap W Pos: —20000 s TRIGGER
*

Type

Source
CH1

Slope
Rising

| Made
By ! ' Marmal
: -
[ \ [ \ \ Lt \ r \ \ \ | Coupling
L I B A B B B B B |“| y

50us/div
CHI 200%Ey 30-Mar-03 15:13
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Int ittant 1zati King |
ntermittant energization, sparking ALSTOM

Tel g & Stop W Pos: 1960 us

TRIGGER
+

AL

Source
CH1

e

Slope A1 |
Rising

1
24l |
31[ ARARAIR Ay ’ yiin Mode
, :
|
I

Morral

Coupling
CH2 S00rm\YEy W 100 s

500us/div
J0-Mar-03 18:32

CHI 200%Ew
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Determination of Active Corona Time ALSTOM

EPOQ operation

- kV

“Corona” decay

“‘Resistive” decay

Active corona
time

—>= <+ time
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Pulse optimization

ALSTOM

EPOQ operation

Dust concentration

A Positive contribution
8 Negative contribution

Corona Onset Voltage

/ \

'Ninteg ration® S
time

High

Low

\§§\\
SN

Comment: Realtime optimization algorithm for pulse mode operation

Repetition time Pulse duration



Impact from PCR and Pulse optimization

ALSTOM

5 5

0340 5“-95 ” ”H l || """""""""""""""""""""""""""""""""""""""
; i

120 120 2505 cooeoe oo T

' ' ' '
-0 -10.0 0.0:. _________________ ! N L f R DR
27 -How-2007 28-How-2007 20-Hoy-2007 20-How-2007 01-Dec-2007
230000 C5T

g 15t power off rap 11/29/07 @ ~14:00

WF ,,MMMM a".hl.-’n'ﬁr'-zw i 4“,,',.., ) “_mh,m_,}

174010 £5T 12:28.:20 €57 07:12:30 C5T 01:56:40 £5T Opac|ty probe PM

2nd power off rap 12/1/07 @ ~00:14

Comment: Combining PCR and EPOQ reduces emission significantly.

Reduced holding forces (rapping), lower resistivity, less back-corona, more power
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Line distortion ALSTOM

Introduction

ESP voltage

ESP current

Line distortion

Discussion
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Power Quality — Harmonic Distortion ALSTOM

* HFPS units are designed for compliance with most modern harmonic distortion limits
- EN 61800 for Europe
- IEEE-519 for the USA
- Other countries have similar standards (Australia: AS 2279, England: G5/3)

» Comparison of primary current waveform (from field measurements)

Mains Frequency Power Supply High Frequency Power Supply
Current THD: 63% , Current THD 32%

J\J‘\M ...... ﬁ__ﬁ__M_ﬁ
':1:: Y,

A10.0ms 10 ms/Div
Memcry 3

24.1%
21.69%
19.28%
16.87%
14.46%
12.05%

9.64%

7.23%

nx
o
% 1.82%
i 2.41%
0%
. 2 4 3 8 10 12 14 16 18 20
v e
2 E) 4 1 B T L : 1 13 " 15 16 w 1\ AL} x
i

Harmonic magnitude as a % of the fundamental amplitude




Line distortion

ALSTOM

] SIR

ZD Zi 23 SIR

1 TPE'{‘

—
N/

|:|Z4 SIR

Main network Sub network
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Discussion ALSTOM

* Introduction

- ESP voltage

 ESP current

* Line distortion

* Discussion
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Conclusion ALSTOM

To fully utilise the benefits enabled by HFPS

» Higher ESP voltage

- Make sure that sparking happens between the electrodes
* Check: Ducts, Connection points, Screens etc

* Higher ESP current
— Cleaning of plates is important
« Control the holding forces by means of ESP-current
(during rapping), PCR
« Reduce high resistivity dust build-up

Reduced emissions
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Conclusion ALSTOM

Areas of interest

» Control algorithms
- Pulsing
- Rapping
- Spark control

 Pulse mode

- Amplitude
- Shape

Future improvements
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