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High Frequency Power Supply for Electrostatic
Precipitators in Thermal Power Plants

Slobodan Vukosavi

Abstract—Electrostatic precipitators (ESP) or electrofilters
remove flying ashes and fine particles from the fle gas in thermal
power plants, before passing the gas into the chirey. Maximum
allowable value of dust is 50 mg/thand it requires that the
efficiency of the ESPs better than 99%, which callsfor an
increase of active surface of the electrodes, hentereasing the
filter volume and the weight of steel used for thefilter. In
previous decades, electrostatic precipitators in #rmal power
plants were fed by thyristor controlled, single-phae fed devices
having a high degree of reliability, but with a rehtively low
collection efficiency, hence requiring large effedte surface of the
collection plates and a large weight of steel comsttion in order
to achieve the prescribed emission limits. Collecatn efficiency and
energy efficiency of the electrostatic precipitatorcan be increased
by applying high frequency high voltage power supy (HF HV).
Electrical engineering faculty of the University ofBelgrade (ETF)
has developed technology and HF HV equipment for #h ESP
power supply. This solution was subjected to exteive
experimental investigation at TE Morava from 2008.to 2010.
High frequency power supply is proven to reduce erssion two
times in controlled conditions while increasing engy efficiency
of the precipitator, compared to the conventional hyristor
controlled 50 Hz supply. Two high frequency high vibage unit
AR70/1000 with parameters 70 kV and 1000 mA are italled at
TE Morava and thoroughly testes. It was found thathe HF HV
power supply of the ESP at TE Morava increases celttion
efficiency so that emission of fine particles andlyfing ashes are
halved, brought down to only 50% of the emissionsneountered
with conventional 50 Hz thyristor driven power suppies. On the
basis of this study, conclusion is drawn that the cquipment
comprising HF HV supplies are the best solution fomew ESP
installations, as well as for the reconstruction oéxisting facilities.
The paper describes the topology of the HF HV powesupply,
power management and controls, and brings the mosiportant
details of the implementation. It is found that theHF HV solution
achieves several significant improvements over theonventional
thyristor system. It is possible to provide more pecise control of
the ESP parameters such as the output voltages aondrrents. It is
also possible to make a rapid increase or decreasevoltage and
to effectuate a very fast response to load changeBue to this
advantages it is possible to suppress the supplyigkly in the case
of sparking, reducing the spark energy and the quaity of
ionized gasses produced by the electric arc. Redian in the
spark energy is up to 10 times compared to conveofial
thyristors solution. This means that the erosion othe electrode
system is significantly reduced, and that the qualy of the
collection plates is preserved for much longer peods. At the
same time, lower quantity of ionized gasses produdédy the spark
contribute to much shorter de-ionization intervals, required to
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quit sparking and evacuate charged particles in ordr to reinstate
the voltage and proceed with the operation. In addion, HF HV

power supply provides a significant reduction in sie and weight
of the complete ESP installation, hence reducing ¢éhtons of steel
that has to be built in. Therefore, the HF HV powersupply may
be the key instrument to reducing the cost of the etdusting
ecological equipment. Besides, size and weight reglion leads to
cost savings of installation and maintenance. Accding to

estimates, savings in steel may reach 30%, contribng to the

overall cost savings of roughly 20%. Within this paer, in

addition to describing the AR70/1000 unit topologyand principles

of operation, the paper presents the results and rasurements
obtained during extensive experimental investigatias wherein
performances of 50 Hz based thyristor units with TR sets are
compared to HF HV power supply.

Index Terms—Electrostatic precipitator, High-voltage high-
frequency supply.

I. INTRODUCTION

LTHOUGH many readers are already acquainted with

functioning of the ESP, this introduction providesbrief
reminder for those who have not come across tiig t&ESP
are used for removal of ultrafine dust particlemrirflue gas.
The most frequent use is the removal of tiny plsiof flying
ashes in thermal power plants. In order to achibig it is
necessary for the flue gas to move in the horizatitaection
through a strong electric field established betwsets of
large, parallel electrode plates. The distance &éetvthe plates
ranges from 300 mm to 500 mm. The plates extenticady
and along the gas flow. The positively charged teteles are
grounded, while the negative ones are connectetticdDC
voltage source ranging from 50 kV to 100 kV. Thegatesely
charged electrodes have a number of spikes or shicetieter
wire, which contributes to corona and creates lamgeunt of
ions. The current density due to the corona digghaeaches
1 mA/nt and it affects a great deal the precipitation dnsit
collection. Dust particles are being charged by meeaf
diffusion and the field effect and they move tovgapsitively
charged electrode, where they are collected. Toeretthe
negative electrode is also called the emissioreplahile the
positive, grounded electrode is also called théetiny plate.
Particle migration speed towards the collectingepla one of
most significant parameters of electrofilters. Témlecting
electrodes are periodically shaken off, i.e. rap{da rapping
process is performed by means of the spinning hamwieich
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periodically knock on the electrode supports andisea secondary voltage reaches 45 kV to 90 kV (Fig.The high

mechanical vibration which helps detaching the dager

voltage rectifier made out of the great number efies

deposits from the plates. The ash being removednglur connected diodes is placed in the oil-filled comkaj along

rapping falls into the V-shaped hoppers, locatetbvoethe
ESP chamber. From there, the dust and ashes asporéed
further by means of water or pressurized air. Rerdake of an
efficient dust removal, each ESP has at least tlserées
connected sections. The flue gas enters the ESRghrthe
entry section, and then passes through one or madddle
sections. Upon leaving these sections, the flue mmsses
through the exit section. By passing through thgueace of
the serially connected sections the precipitatificiency (i.e.
filtering efficiency) reaches 99.9%. With this eféncy and
with every cubic meter of gas leaving the boiled @mtering
the ESP with 50 g of flying ashes, the gas leavihg
electrofilter and entering into the chimney may édnadie total
of 50 mg of dust per every cubic meter of gas. ideo to
create the electric field and the corona dischaxgeent, the
electrodes should be connected with a controllBi@evoltage

with the transformer itself. The transformer ane ttiode
rectifier are denoted as T/R, Transformer — Rextiiet. One
T/R set provides the DC output voltages from 50 to/
100 kV and currents from 1 to 2 . The supply of larger
filter section is achieved by putting several T/Ritsl in

parallel.

Il. T/RUNITS CHARACTERISTICS

Considering the occurrence of sparks and shomitédt is
necessary to foresee the short circuit current tditoin
measures. The switched on thyristor cannot be Bedtooff
before the expiration of the current half-periodtioé mains.
Hence, the short circuit current is limited by tleries
reactance only. The short circuit reactance of Isinghase
transformers rated several tenths of ki relatively small and

source which provides voltages from 50 kV to 100. kVipsufiicient for the proper limitation of the shodircuit

Considering the fact that sparks often occur betwdee
electrodes and the electric arc occasionally agpéiae source
is exposed to periodic short circuit conditionsthe event of
arcing, it is necessary to switch off the powerpygdor an
interval of time so as to allow for recombinatianremoval of
charged particles created by the arc. Prematuregmlrise
will find residues of conductive, ionized gas bedwethe
plates, re-entering hence the short circuit cooditiAfter re-
establishing of the dielectric strength of the ghs, voltage
between the plates may be increased and the pedmpi
process may continue. The required DC current dégpen the
surface of the plates. It is necessary to provigecurrent of 1
mA for every square meter of the electrode surfeigmce, an
electrofilter with 10000 frequires the current of 10. The
ESP power supply and controls are traditionallyeldlasn one
pair of antiparall thyristors which alter the antpdie of the
primary AC voltage. The primary supply is usualingie-
phase, 400 V 50 Hz. By changing the firing andhe, ¥oltage
is being changed in the range from 0 to 400 V amdidght to
the primary of the line frequency power transformérose

Phase control th‘!fristﬂrSL Linear inductor

current. Eventual design of dedicated transformedth w
increased leakage flux would increase the lossegelsas the
size and weight of the transformer. One of accdetatys for
reactance increase is the HV and LV coil fabrigatigith
increased axial “apertures” between the coil sestim order
to increase the leakage. This leads to a fairly plmated
insulating structure which should withstand relelyv high
voltage spikes. Instead, practical T/R sets usesthadard,
concentrated HV/LV construction and employ a sepgara
external inductance. Transformers are usually ot iineral
oil in the common tank with the rectifier and arecuently
located on the top of the filter, thus minimiziny ldonnection
length between the transformer and electrodes.

The dielectric tests of T/R units as well as theititions
concerning the upper oil temperature are diffefeoin the
tests foreseen for conventional HV transformerse fduced
overvoltage test is commonly performed at 1,5 rateltage
during one minute. Dielectric strength for shortsgs is not
performed, since there is no risk of lightning kas.
Considering that the transformer and rectifier shilne same
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Fig. 1. The electric scheme of thyristor T/R unit.



ELECTRONICS, VOL. 15, NO. 1, JUNE 2011

container (housing) and the same oil, it is neggssaensure
that the increase in the upper oil temperature dot€xceed
the values that can damage the rectifier. Hence, BBP
transformer losses should be measured with a gras.
Among other things, a salient feature of the tramsér is the
capability to resist frequent short circuits whigbcur due to
sparking between the electrons. Hence, one parthede
transformers testing is the repetitive occurrende sloort
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* Very long de-ionization intervals (from 40 ms180 ms)
are necessary due to higher spark energy.

Ill. BASIC CHARACTERISTICS OF THEHF POWER SUPPLY

The high frequency (HF) power supply of the elefdtey
implies the utilization of a power transformer with high
frequency rectifier on the high voltage secondadg ssimilar

circuits with the analysis of thermal and mechanicgg standard thyristor supply. The difference ist thstead

robustness.

antiparallel thyristors the HF supply uses an IG&hverter

Although T/R units are reliable and guarantee aglonynich supplies the primary of transformer with 5zH 20

operating life, they have a very poor power factord
unfavorable waveform of electric currents and \ge&

kHz AC voltage (Fig. 3). The transformer operatesigher
frequencies, but it handles the primary and seagndaitage

(Fig. 2). The thyristor commutation creates harruonirougmy the same as those encountered in a T/R Iset.

distortion, while the presence of relatively higleriss
reactance along with phase delays due to thyrfstog angle
create substantial reactive power. In addition,ctebele
voltage has a large pulsating component at thegfmnedhtal
frequency of 100 Hz, which causes a decrease imtheage
voltage. Namely, the peak voltage must not be highan

dimensions and weight are significantly lower thtae line
frequency transformer, while its core is made ofritie
materials. The HV diode rectifier receives HF higiitage and
provides a DC voltage across the plates. Due toiga h
operating frequency, the voltage ripple is sigaifity
reduced. Therefore, it is possible to achieve mhaher

breakdown voltagdJys. For that reason, the average voltaggyerage voltages and hence improve the ESP effigien

must be significantly lower. If the voltage waveafois such
that the pulsing component at 100 Hz has an andgliaf 2U,
the average voltage across the electrodes mustsketian or

equal to Uy - LJ. As a consequence, the electric currentonditions are met for

density is lowered as well as the precipitationicefficy.
Hence, for the given gas flow and specified preatjpn
efficiency, it is necessary to foresee the ele@rsgstem with
increased surface and weight. Such an increasesrdfse
weight, size and cost of the ESP.

The low voltage IGBT power converter receives tee-
phase mains supply and presents a balanced loade e
HV supply as a whole is a symmetrical three-phass,|
the distortions, power Igsse
asymmetries, as well as the reactive power to bgrdwed
with respect to single-phase thyristor T/R unit.eTHF
transformer has a significantly lower reactance argmaller
number of turns, as well as a considerably smaltdume.
Therefore, the overall system losses are lower,lewttie

The short summary of T/R supplied ESP is summarizeshergy efficiency is significantly improved. Witlegard to

below:

» Due to a large voltage ripple, the average veltagd the
corona current density are lowered;

It is necessary to have a larger surface of thtep and
spend a larger quantity of steel;

voltage control, the HF unit provides much fasteaation
time, measured in the tens o§, while a typical T/R unit
produces control delays defined by one period efrtains,
hence, either 16,7 ms or 20 ms. A quick controttiea in
case of arcing reduces the arc energy, hence afijpWar a

* The reactive power, distortion power and losses ayery brief de-ionization intervals and quickly repdied

relatively high;

» T/R unit represents a single-phase load;

e Spark energy amounts 130— 200 due to a slow
thyristor reaction;

» High spark energy causes a rapid erosion of ctilig
plates;

» The eroded collecting plates are more difficaltde-dust,
so the inner ash layers are permanently retainddused

5000 100
— 4000 &l <
E 3000 &0 E
*UEJ 2000 40 5
g 1000 20 E
[ ok 0

Fig. 2. The characteristic voltage and electric currentefewma obtaine
with the T/R power supply.

voltage. The most important characteristic of theddipply is
a higher average voltage and increased currenttgeRer the
frequencies ranging between 10 kHz and 25 kHzyvtiege
ripple is lower than 3%, while with thyristor T/Rnits the
ripple amounts 35% to 45%. As a consequence, theuibgly
yields up to 20% higher average voltage, which ificantly
increases the corona current and the precipitatificiency.

In his book entitled “Industrial Electrostatic Piggtation”,
Harry White shows the results of the experimenteainto
establish the link between the peak voltage andbeunof
sparks per minute. The equation
S= exp(b(U max - Ul)) (1)
gives the number of sparks per minute in the fomctf peak
voltage U., Wherein the voltagd); is the one leading to
precisely one spark per minute. The exponentiahtios
signifies that the probability of spark appearaimoereases
quickly with relatively small rise in the peak opéng voltage.
Therefore, the fact is that the voltage ripple magahyristor
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Fig. 3. The electric scheme of HF HV ESP powepsup

T/R units is very high, making it a bare necesgitglecrease
the average voltage in order to minimize the nuntfesparks
to an acceptable range. Considering that the TiRveitage
ripple is greater than 35%, while the acceptablmyer of
sparks is only 10 per minute, it may be concluded the HF
supply provides a voltage increase of roughly 20¢sis
necessary to mention that the further increaspatfks number
is unacceptable, due to every spark event requpiotpnged
de-ionization power-down intervals contributing tan
increased emission.

Norbert Grass [1,3,4], a Siemens engineer, invagithe
effects of the HF power supply implementation,
determined that the corona current doubles with pgdkver
supply, compared to the one obtained with 50 Hz UfiRs.
Therefore, prediction is that emissions can bedthlat least
with the HF power supply. Moreover, an increasedration
velocity of dust particle towards collecting platesntribute
that the layers of collected dust are more compeud, this
facilitates the rapping process and decreasesrtimpility of
the patrticle retrieval into the gas flow during pam.

According to measurements performed in the f va”
thermal power plant, equipped with four HF unitse thigh

to We = % CU% Namely, the residual spark energy is the one
accumulated in the electric field between the etetds, as the
HF source itself has a negligible contribution doea quick
turn-off of IGBT power switches;

* In case of occurrence of an arc or spark, thedization
power-down interval is very short, ranging only & ta 10 ms,
so that the effects of the power interruption ol thust
emission becomes very small;

* According to the evaluation, the necessary sarfat
electrodes is diminished by 30%;

» It is possible to enable quick voltage changes

andoordination with the rapping, further enhancing tBSP

efficiency.

The advantages of the HF supply have made a gueatber
of renowned manufacturers to project and plan toelyction
of ESP HF power supply devices. Siemens has maddéf@n
with the device PIC410F, aimed to operate at fraqueof
10 kHz and to provide high output DC voltage. Due
problems [1, 3, 4], they moved on to the experimerith the
high voltage transformer which operates at the fowe
frequencies, that is, at 500 Hz. The British conyp&envolt
made a transformer operating at frequencies oft20[R] and

t

frequency ESP power supply provides for a significa with a relatively low power of P < 50 kW. The etf®rto

increase in both the energy efficiency and the ectibn
efficiency. Considering that the HF supply has red¢lphase
rectifier, while the T/R unit has a single phasdamaaupply,
the power factor and the line current waveformshef HF
supply more favorable, while the reactive and appiapowers
are reduced. According to measurements, the cosgraof
the two gives the following results:

50 Hz HF
Cos() <0.65 >0.95
=P/S <05 >0.75

By measuring the voltage and current waveforms k&t
Morava, as well as by logging the gas opacity daie the
ESP monitoring system, it is concluded that the ddipply
gives the following improvement in relation to 5 H/R
supply:

» Spark energy is decreased four to five times.|&\hithe
case of a 50 Hz T/R supply the spark energy indcuithe
amount supplied through the thyristors until thesase to
conduct, the HF power supply reduces the sparkggralmwn

manufacture a reliable HF power source for the E#{R
sufficient power, voltage, and an acceptable lifeet were
made by Alstom, who designed SIR device. SimilaFy,
Schmidt designed the HF power supplies operating at
frequencies next to 10 kHz. The American company LNW
manufactures Power Plus HF power supply for the ,ESP
widely used in cement mills in the USA, as well iasthe
factories which include the process of sinterindgpe TNWL
devices are somewhat limited in the output voltagel they
cannot reach the voltages above 100 kV, requirestneore
Tfor the operation of new electrofilters with intkxetrode
distance in excess to 500 mm, recently quite comimon
thermal power plants. For majority of manufacturersvider
application of the HF devices is impeded by religbissues
and limited output voltages. In some cases, fregusulation
breakdowns are observed in the field, caused by the
simultaneous presence of the high voltage, higljuieacy,
high temperature, higdV/dt and highdi/dt values within the
device.
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IV. THE PROBLEMS OF THEEXISTING HF SOLUTIONS

The problems encountered in the HF electrofilteppy
exploitation are frequently reflected in (i) theebkdown of
semiconductor power switches in the primary circiit)
secondary circuit insulation breakdown or (iii) fm®blems of
EM noise and control. The first problem emerges ttu¢he
circumstance that the IGBT power switches delivektrto
100 kW while commutating at the frequencies fromkHx to
25 kHz. Hence, the IGBT power switches operatdatlimit
of their performance. Therefore, unless zero ctrsaitching
(ZCS) or the zero voltage switching (ZVS) is enslrthey
may suffer serious overheating. The second prolderaused
by the rapid insulation degradation and aging & phesence
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described in this paper eliminates the insulatigm@ and
reliability issues and enables the longevity of thieé power
source.

A number of reliability issues is caused by an awhte
application of DSP technology in environment ofthjgower,
high voltage, high frequency conversion. Due tohhépeed
voltage changes, as well as high currents at higdpuencies,
control circuits are submersed by a significanttetamagnetic
noise which jeopardizes the integrity of analogud digital
signals. Therefore, it is necessary to implementware
measures in order to protect the integrity of thgut signals,
output signals, and the elements of electronic udisc
Common measures include the installation of the SMD

of high dV/dt stress, while the third one is most frequenﬂ);ransorber and the miniature resistors and indeetam places

attributed to an inadequate hardware and softwatgiens. In
particular, low voltage and highly sensitive DSBhtgology is
implemented in a noisy environment of high poweamnaaters.
The primary voltages and currents within HF powgrmy
assume values next to 600 V and 300 Therefore, the

where the electromagnetic disturbance should beepted
and the reinforcement of relevant signals. Besideasing the
acquisition of analog signals, the oversamplinghmégue
should be used in order to remove the undesiratikenthus
preserving the response speed and the controkityteg

semiconductor power switches to be used are theTIGB

devices. In addition to their favorable characterss IGBTs
also have their commutation losses which limit th@ximum
switching frequency. The recommended switching desgry
for IGBT power switches depends on the rated ctiriaamd it
is lower as the current rating increases. For istos of
300
frequencies between 2 kHz and 5 kHz, which reptsste
technical optimum for their operation. Thereford, i$

necessary to utilize resonant topologies in higbqdiency
range, enabling the semiconductor power switchesptrate
without commutation losses. This enables the elbidm or at
least a significant decrease in commutation losses.

Up to date literature includes the analysis of anier of
power converter topologies [6-18] providing redantiin
commutation losses. Attention has been focused lyndst
ZVS — zero voltage switching, ZCS — zero currerit@ving as
well as to decreasing thdVv/dt in the primary circuit of the
converter. The HF power supply for the ESP may Haghl

V. THE BASIC CHARACTERISTICS OF THEAR70/1000

At the School of Electrical Engineering, the Unsigr of
Belgrade, a group of researchers worked on thelolevent
of the HF power supply for the ESP over the past fears.

, commutation and conduction losses are equalet tithe project was funded by the Ministry of scienaed a

technology of The Republic of Serbia. As the redii¢ first
specimens of the HF power supply have been manuétin
Serbia. Two years ago, “Morava” power plant wasiggogd
with HF power supplies R70 which are constantly in
operation ever since. During these two years, @serf tests
was performed in order to investigate the impadtBfpower
supplies on the ESP operation. The basic charatitsrof HF
power source AR70-1000:

 Distributed multiresonant topology in the secayda
circuit enables decreasing in commutation lossesradiuces
the insulation stress, hence suppressing the tataljects of
the electric field high speed chages and preverthgmical

dVv/dt values in the secondary circuit, across high gelta reactions leading to accelerated dielectric aging;

diodes, at the ends of secondary inductors and etkenents
of the secondary circuit. At instances where theosdary
voltage switches from
commutation intervals shorter than ris, extremely high
voltage slopes and extremely quick changes in thetrec

field may subject the insulating materials underese stress.
As a consequence, the dielectrophoresis occurselisagithe
chemical reactions within the dielectric matercaused by the
catalytic effect of the high speed electric fieldanges. The
ultimate consequence of the described processesrapid

degradation of the insulating material. According the

experience acquired by many electric
manufacturers, the insulation breakdown in the seany
circuit takes place after 6-12 months, which isssabtially
unfavorable for the end-user. This outcome hasethasgreat
number of withdrawals of HF devices from the fieRblution

» Precipitator control and diagnostics are basedthmn
spectral analysis of corona current and plate geka

-100 kV to +100 kV withinproviding a cheap and reliable way for early detectof

sparking, an efficient detection of the back coromad a
reliable estimation of the thickness of the ashefay
accumulated on the collecting plates.

» Converter topology enables ZCS commutation of TGB
power switches, significantly lowering the overabtinverter
losses;

e Voltage and current control includes the postbil
controlling the number of sparks per minute;

equipment « From the accelerated aging, the MTBF of the dedian

be estimated to 20 years.

The total mass of the active material in AR70/1000
transformer with rated power of 100 kW and operatin
frequency of 10 kHz amounts only 50 kg. Distributed
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multiresonant secondary circuit is made of conweai
reactive components having a relatively low weigimigl it uses
standard HV diodes (Figs.- 8). Within the secondary HV
rectifier, high speed diodes anre not requirechascbnverter
topology enables the rectifier operation in ZVS molesides,
it is the ZVS mode that reduces tb¥/dt in the secondary
circuit and ensures the longevity of the insulatiasterials.

ELECTRONICS, VOL.
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in precipitation efficiency, contribute to a moravérable
shape of the line current, ensure much lower reaqiower
and reduces significantly the erosion of the platas to a
significant decrease in the spark energy. Due éodtiginal
multiresonant topology, DSP unit for control angbetvision
as well as the original solution of thermal hanglirand
mechanical protection, the R70/1000 meets the following

In comparison to standard 50 Hz sources includimg t standards and regulations,

thyristor cabinet and the T/R group, the HF poweppdy

R70/1000 is five times smaller in volume, aboutifhes
lighter and up to 30% cheaper. It should be nottbatlthe HF
source features explained above provide a signifizecrease

Fig. 4. One element of the multiresonant circuit within #eeondary of tt
R70-1000.

e

50 |

) 182
ig. 5. A group of multiresonant circuits.

Y

ul

Fig. 6. Connecting multiresonant circuits in greup

» Low Voltage Directive (73/23/EEC);

» EMC directive (89/336/EEC);

» CEI EN 60204-1, par. 6.2.3, 20.3, 20.4;

* IP Code, EN60529;

» CEI EN60800-3;

» EN60800-3/A11.

The appearance of theR70/1000 device is given in Fig. 7.
One of the problems encountered by other manufarstis the
ferrite core protection. Namely, in cases of ovatimg, larger
ferrite elements used for assembling the magnetie of the
HF transformer may crack, hence disabling furtheeration
due to an increased equivalent air gap and magresistance.
This happens due to positive power loss coefficighthe
ferrite, and due to difficulties in cooling the gmmost ferrite
blocks. Such an outcome is prevented in AR70 upitiging
the original cooling design and a custom shapehefdore.
Fig. 8 illustrates the temperature distributiorthe# ferrite core
obtained by using the thermal imaging. This figshews that
the heat distribution is uniform. The external disiens of the
AR70 device are given in Fig. 9.

VI. THE FIELD EXPERIENCE

Since June 132008 untill July 2 2010, the testing took
place at “Morava” thermal power plant in Svilajhaguipped
with AR70/1000 units. The measurements were orgahin
order to determine the effects of the HF power Bupp the
precipitation efficiency and to establish the expdaeduction
in dust emission. The following equipment wasatietl at the
Morava PP:

e Four HF power sources for the ESP, two of theinde
AR70/1000 and the other two NWL Power Plus devices.

» HV splitter with selector switches which enables ESP

Fig. 7. The appearance oR70/1000 device.
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feeds from R70/1000 sources. All the devices may be
selected in the course of operation, so it is [bs$0 compare
T/R units with AR70/1000 units, T/R units to NWL its; or

Fig. 8. The temperature distribution in ferriteeco

supply either from conventional 50 Hz T/R unitsfom the
HF power sources;

» The P/Q/S/Energy measurement group for logginthef
the active, reactive, apparent, and distortion ppas well as
active and reactive energy;

» One triboelectric dust sensor,
feeding channel of the right ESP branch.

Fig. 10 shows the block diagram with the specifie
equipment mounted in “Morava” power plant. The Hlitser
system enables hot-swap selecting either the coioveh T/R
units or the HF power supplies in the course of BH®P
operation. Hence, comparison of the two was passibl
almost identical conditions. In HF mode, one of B8P
branches is supplied from the NWL units, while thider

660 mm

770 mm

550 mm 210 mm

1000 mm

O0OO0O0OO0O0O0O0O0

830 mm

O0O00O0O00O00O0

Fig. 9. External dimension ofR70/1000 device.

mounted in thekbaci_|

NWL units to AR70/1000 units. In this way it is @iide to
determine the best solution with regard to preatwn
efficiency. The locations where the HF units werunted are
shownin  Fig. 11.

The triboelectric sensor is shown in Fig. 12 andinted in
the back feeding channel of the right ESP branche T
mounting location is shown in Fig. 13. It has bsetected so
that the gas flow is laminar so as to insure Stgband
accuracy. Alternative solutions, i.s. i.e. eventumabunting
within the post-confusor channel has been abandieck it
was not possible to identify location that wouldfae enough
from the channel curves or the fan, so as to ersdasninar
flow. As it is well known, mounting of the opacitgeters in
zones with pronounced turbulence contributes tmifsognt
errors.

After mounting the first two HF units in the MoraPd, the
series of measuring was carried out in order tdoper the
comparison of the precipitation efficiency of ESRieh are
supplied from T/R units and ESP which is supplieahf the
F source. Two configurations were tested on tatsion:

» The supply of all sections from T/R units (théatoof 4
c1’/R units);

e The supply of 2 sections from the HF source amd t
sections from T/R units.

The amount of ash which is separated in the exitiae
funnel was measure indirectly, on the basis of tieasured
temperature of the funnel wall. On the basis ofkhewn ash

900 mm

620 mm

910 mm
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Fig. 10. The equipment installed at Morava PP.

temperature which is collected in the funnel, theown
specific ash temperature, as well as the known itiond of

heating and cooling of funnel, the relative quangish change

was noticed, which
implementation. It was noticed that the ash qtyamithe exit
section funnel was increased by 80% by applicatbérHF
supply. This finding was confirmed by the fact tladter the
HF supply implementation, it was necessary to entpy

Fig. 11. HF power supplies.

Fig. 12.

funnel twice often (The exit section funnel is eiegt
manually in the Morava PP).
During measuring it has not been disposed of tnacesdfor

is separated after the HF supptyacking changes of the flue gas dusting. The Hipsueffects

for the total emission can be evaluated on thesbakithe
smoke appearance from the chimney, which is ilistt in
Fig. 14. The left part of the figure shows the smakpearance
in the configuration of 4 x 50 Hz devices. The tighrt of the
figure shows the smoke appearance in the configuraif
2 x50 Hz + 2 x HF devices.

VII. MEASUREMENTS FROM THEOPACITY TRANSDUCER

Fig. 15 shows the voltage waveform between the

electrofilter plates. The CH1 trace shows the \mta
waveform in case of supply from T/R units of 50 sizstem.
The CH2 trace shows the case when the ESP is sdpfptim
HF units. It can be noticed that HF supply contiéisuto the
significant decreasing of voltage ripple. As a @qngence, it is
possible to achieve the significantly higher meatiage value
between the electrodes. Fig. 15 shows also systamtion
time for voltage control. It is possible to notiteat the HF
system enables substantially faster voltage changes
After mounting the tribolectric transducer, the ibgity is

opened to measure relative changes in the emissdiatust
during the filter operation. Fig. 16 shows the aied results.
The left part of the Figure shows the emissionedéfce in
case of using the HF supply, that is, if the rifiltér branch is
supplied by two HF units. The transition from HFst&m to
50 Hz system was made in the middle. Considerilegfact
that the HV dividers are commuted in the non-vdtagate,
electrodes are left without supply for a short timerval, so
that the reading from transducer becomes satucatedo very
high particle emission. After switching the HV dier into the
location for 50 Hz supply, the voltage is re-estidd
between the electrodes. The right part of the Eignmows the
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Fig. 13. Mounting location.

Fig. 14. The left part of the figure illustratdsetsmoke appearamdr

configuration of 4 x 50 Hz. The right part of thgure illustrates the smo

appearance in configuration of 2 x 50 Hz + 2 x HF.

emission change from 50 Hz T/R units. In the obsa@rigure
it is noticed that the HF supply diminishes the ssign from

650 mg/mi, which is obtained for the supply from 50 Hz T/RT/R

units, to only 150 mg/fh

It is necessary to mention that the particle ermrssis
significantly changed depending on the coal cont&nttle
regime, as well as the other process parameteysn Soder to
validly compare two systems of supply, it is neeegsto
perform measuring in somewhat longer time intertad. 17
shows the emission comparison of the HF supply ZhdHz
supply in time interval of three hours. The measyrivas
performed during 2010. The blue color denotes thisgon in
case of supply 4 x HF, that is, in case when th® ES
completely supplied by HF units. The red color demahe
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emission in configuration 4x50 Hz, that is, whea thtal ESP

is supplied by 50 Hz T/R units. Mean emission value
determination in the interval of three hours shaiat for
conventional 50 Hz supply with T/R units, mean esiis
value amounts to 700 mgimwhile for the HF supply the
mean emission value totals 350 my/o, by implementation
of the HF supply, the particle emission is halvedtioe same
electrode system.

VIIl.  PRICE COMPARISON OFHF EQUIPMENT AND 50 Hz

EQUIPMENT

The wider implementation of the HF supply in thekma
power plants depends on the price of equipment dlkas,
this section compares prices of equipment needeslfaply of
one filter section which has parameters of 70 k\d 4600
mA.

A. T/R Unit and Thyristor Converter for 50 Hz Supply

T/R units of European manufacturers have pricesha
range of 19 k€ (FLSmidth Airtech). Alongside theRTunit, it
is necessary to have also a pair of antiparall@gnected
thyristors with the controller and the appropriaguipment.
Cabinet including controller, thyristors, and thepeopriate
equipment costs 11 k€ (Castelet, Kraft).

So, in order to provide the supply of 70 kV andrent of
1000 maA, it is necessary to purchase equipmentwbasts
around 30 k€.

B. HF Supply

The HF supply unit is very frequently applied sattlhe
high frequency power transformer and low voltagevester
are located in the same housing and have a sieglereamoval
system. The fabrication cost of the HF voltage $uppit of
70 kV and current of 1000 mA will total 24 k€.

It may be concluded from the above that, besidéerot
significant advantages, the HF power supply also énéower
price, compared to conventional T/R units.

IX. CONCLUSION

« The particle emission is diminished twice
implementation of the HF ESP power supply.

» The HF equipment is five times lighter than cami@nal
50 Hz units;

 The HF supply equipment has lower price than the
equivalent thyristor-controlled T/R units;

» The necessary surface of the electrodes and uhetity
of steel built into a new ESP can be lowered bygidiF
units;

* There is a consolidated Serbian-manufacturedtisalu
for the HF supply based on the original multiresdrtdF HV
technology and intermittent control. The solutioashthe
potential of involving local industries in ESP Mliilg and
reconstruction.

by
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Fig. 15. The comparison of the waveform voltage betweemtates in cas
of 50 Hz supply and HF supply.

Fig. 16. The emission of flue ash depending orvithg of electrode syste
supply. The left part of thedure shows the emission in case of usin¢
supply. The transition from HF to 38z system was made in the mid
The right part of the figure shows the emissiorase of 50 Hz T/R units.
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