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ABSTRACT

By increasng the precipitator efficiency the dack emissons and operating costs can be
reduced. During the operation of a precipitator different load and dust conditions need to be
handled. In many applications fud needs to be switched to lower sulfur contents leading to
lower dectrical conductivity of the dust. Often, precipitators are to be operated outsde their
desgn data Due to the high cost of a mechanica precipitator extenson, the preferred
solution is upgrading the high voltage power supply to achieve the regulating authority’s
required dack emisson limit. Large indudtria precipitators with multiple fidds can be
operated with different types of high voltage supplies for optimum precipitator performance
and operation. IGBT inverter based high voltage supplies used in the inlet fidds can increase
the average corona power ggnificantly. Additiondly, the fast flashover reection heps to
increese the average voltage even with high flashover rates. Thus the particle charging and
the flashover frequency can be optimized, and particle collecting will be improved even in
the following fields. Fine particles can be treated by short pulses generated by IGBT based
technology in the outlet fidds. Due to the networking festures of the different types of high
voltage power supplies the total performance and power consumption of a precipitator can be
continuoudy optimized depending on the operation conditions.

IGBT inverters can be desgned in resonant and hard-switching modes. The details of both
types will be discussed and the higher flexibility of the hard-switching will be shown.

Furthermore, the power consumption of large precipitator needs to be considered,
paticulaly, in lage IGBT inveter inddlations With power management huge power
savings ae posshle while the stack emissons are kept low. Therefore, the precipitator
efficdency could be dgnificantly improved by achieving both lower emissons and lower
power consumption.
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IGBT INVERTER TOPOLOGIES

There are different concepts and topologies for low voltage sde IGBT inverter based power
supplies. The basc circuit is shown in Fg 1. There are resonant switching and hard
switching topologies. To achieve resonant switching, a capacitor needs to be added to the
creuit showninfig. 1.
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Figure 1: Basic IGBT inverter circuit

The most common topologies will be compared in the following table 1.

Table 1: properties of common IGBT inverter topologies

resonant hard switching
Current waveform (WmNWVV
Phases 3 3
cosj ~1 ~1
Operating frequency high moderate
(e.g. 50kHz-80kHz) (500 Hz / 10 kHz)
power losses (cond.) high low
(fast IGBT needed, higher (high current type IGBT,
VCEO) lower VCEO)
switching losses low energy losses per|higher energy losses per
switching event, but higher | switching event, but lower
frequency frequency
TR set operating 50 kHz — 80 kHz - 500 Hz (optimum)
frequency - 50 Hz / 60Hz using
standard TR set
Power supply Always inverter and TR set| Reuse of existing TR sets
upgrade possible
TR set type low losses (ferrite) 500 Hz or standard 50
Hz/60Hz
TR size Similar for the same voltage rating. High voltage requires
insulation distance
Distance inverter — not possible due to high|- 500 Hz TR: 120m
TR frequency - 50/60Hz TR: any
maximum power 100 kW 300 kW
maximum voltage: 70 KV (DC) 110kV (DC)
maximum current: 14A 3,3A
Flashover reaction 40 us 50 ps
Flashover current small no
increase

The most sgnificant difference between the two concepts is the type of magnetic core used in
the transformer design. The resonant circuit has an inherent high current ripple, therefore a
high frequency is required to achieve a congant DC voltage, regarding the eectrica capacity
of the precipitator to flatten the voltage. For those high frequencies it is very difficult to build
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a magnetic core with low dray inductance and losses but with a large Sze in order to hold
high voltage insulation.

Therefore, Siemens decided to use the hard switched concept, being able to build TR sets for
up to 110 kV and power up to 300 kVA. The advantages in the precipitator control can be
redized with both concepts. A further important advantage of the hard switched concept is
the much higher flexibility in upgrading exiding precipitator plants. The IGBT inverter and
the TR st can be sparated as used in the previous ingdlations. If the exiging TR st is in
aufficient sate and rating it can be reused and operated from the IGBT inverter. There is of
course a smal disadvantage resulting from the higher stray inductance of the standard (i.e.
50Hz / 60 Hz) TR compared to the 500 Hz type, which results in a higher current turn off
time after a flashover has been detected. But the flat DC voltage can be gpplied even with the
dgandad TR st to gan a dgnificant performance improvement in many inddlaions.
Additiondly, a trid indalation becomes very smple, because the inverter only has to be
connected to the existing TR set. Of course, the IGBT inverter control is able to interface dl
gandard control Sgnals essily.

LINE COMMUTATED THYRISTOR BASED HIGH VOLTAGE POWER SUPPLY

The dlicon controlled rectifiers type (SCR) high voltage supplies are dill avalable on the
market and they can be equipped with new, powerful control to be linked in to the tota
precipitator optimization. There is just one but dgnificant advantage of this technology: The
cost of the power eectronics components is very low compared to the IGBT inverters.
Therefore, if the bad power factor is not a problem, it is usable for Electrogtatic precipitator
fidlds with lower requirements regarding the voltage quaity and flashover reection. In large
inddlaions this commonly is the case in the middle fidds of the precipitator. Large
precipitators can benefit from the combination of IGBT inverters and SCRs, as IGBT
inverters can be used to dabilize the operation of the consecutive fidlds. With high current in
the firg fidds the flashover rate in the following fidds ggnificantly decresses while the
voltage can be increased.

IGBT INVERTER FUNCTIONAL DESCRIPTION

The gpplication of modern power dectronics with IGBT-switching devices (Insulated Gate
Bipolar Transstors) and fully digitd micro controller units with high speed padld
processng and multitasking properties significantly increese the efficiency of an dectrogatic
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Figure 2: precipitator voltage and current
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precipitator. Cost savings for new projects can be achieved due to smdler dimensiona
requirements of the precipitator plates. In the cases with back corong, advantages can be
atained with pulsed operation because of shorter intervas in comparison with Thyristor
power supplies.

Short switching times for the power semiconductors (IGBTs) of around 200ns in contrast to
the 10ms of conventiona equipment prevents the precipitator from high loca ionization at
flashovers. Therefore the mean fidd drength increases thanks to short de-ionisation times
and fast recovery to target voltage levels.

The IGBT inverter has a 3phase mans input rectifier with a power factor (cos | ) near unity
and no compensation is required. A voltage link capacitor is used as a low inductance current
buffer for the H-bridge IGBT-inverter. The low inductance between capacitors and IGBTSs is
achieved by a planar busbar design consdering the current peths during operation of the
inverter. The switching frequency is typicdly 10kHz. The current inverson frequency haes
been sdected at 500Hz, therefore standard materias for the high voltage transformer can be
used. Technicaly it is possble to operate on higher frequencies, but the cost saving on the
trandformer would be margind. Further Sze reduction can't be achieved because of the
mandatory distances according the high voltage ingde the ail filled tank.

The dectricd power of a typica unit is up to 300kVA, which is easly extended by usng
larger IGBT-devices. The output voltage is very condant with a negligible voltage ripple.
Therefore the average voltage of the precipitator can be increased up to a level close to the
flashover limit of the entire precipitator. During operation the flashover limit ca vary widdly,
therefore flashovers can't be avoided. It is a stochastic process, therefore flashovers can't be
detected prior happening. The flashover reaction of the IGBT inverter is much faster
compared to a line commutated thyristor switch. Due to the shorter arc duration less space
charge is generated and the requested de-ionization time can be sdected shorter. After de-
ionization time, the current rises within 100us up to the caculated vdue, much fagter than a
line commutated thyrisor power supply can be operated. Resulting from the above
mentioned effects, processng of a flashover needs an interruption of the power supply of
about 2ms...10ms, comparing to 20ms to 100ms with a line commutated thyristor power
supply. Therefore, a higher flashover repetition rate can be dlowed with the IGBT inverter
reulting in higher average dectricd power and lower dust emissons. Fig. 2. shows the
voltage and current dgnds of an IGBT inverter power supply compared with the
conventiond line commutated thyristor supply, including flashover processing.

Figure 3. V/I characteristic example.

4
ICESP X — June 2006
IGBT Inverter Technology



The average precipitator current can be increased dSgnificantly due to the flat V/I (Fig. 3)
characteristics of a precipitator. A small voltage increase results in a greater current increase.
In practice it was possible to increase the dectrical power by up to a factor 3 times in many
Cases.

The low amount of energy consumed in a single flashover lowers the dress of the eectrodes
in the precipitator. Thereby life time of the maerid can be increased. This effect is very
important if plastic collecting dectrodes are used. The energy of a flashover Weo consigts of
two parts. The energy dored in the capacity Wcap Of the precipitator is a fix amount,
depending on the gpplied voltage and it can't be influenced from the power supply. The
energy ddivered by the power supply from the flashover detection until the current is
switched off Wps is dgnificantly lower with the IGBT inveter because there is no over-
current and switch off can be completed within 100ps.

The IGBT inverter and the high voltage transformer / rectifier unit are shown in Fg. 4.

Figure 4: IGBT HV power supply 200 KVA
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Figure 5: Emission over power
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Fig. 5 shows the dependency of the Emisson on the corona power. In respect to Fig 2 the
higher corona power due to the congant DC voltage leads to a sgnificant reduction of the

emissons.

EXAMPLE: FOSSIL POWER PLANT

Measurements of the precipitator efficiency were taken on one precipitator duct, which
condgts of 5 fidds, whereby fidds 1, 2 and 5 are equipped with IGBT inverter power
supplies and fields 3 and 4 are equipped with new controllers and thyristor power supplies.
The efficiency was measured by an opacity meter for the duct separately, therefore changes
in opacity responding to changes of dectricd vaues could be observed relisble on the
opacity sgndl.

Starting conditions of the test were as low eectricd power as possble in dl fidds with the
opacity signa not exceeding the limit. Then the opacity measurement responded very
relidble to the eectricad changes. The god was to determine the efficiency (i.e. opacity / €.
Power) of each fidd in the duct. To run the entire fiedd in redidic conditions, the eectrica
currents had to be increased separately for dl fidds, sarting with the first fidd and then in
the fallowing fields in the gasflow.

Fig. 6 shows the current of fieldl and the opacity sgnal during the experiment. The scde of
the opacity signa is not shown in Fig. 5. On fidd 1 it can be seen that with a sandard SCR
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Figure 6. opacity and current — inlet field
power supply about 350mA could be reached due to the flashover limit of the precipitator
(see Fig. 5). With the fast switching IGBT inverter power supply the current could be
increased to values about 700mA. The following table shows the relating opacity vaues.

During the deaning of the dust collecting dectrodes (rgpping) the opacity increases
ggnificantly if the current is low. During rgpping a vibration of the plates causes the dust
layer to dide down the plates. The gas flow, due to the soft packing of the dust layer causes
some particles to be released into the gasflow. In case of high dectrica current the dust layer
becomes more firm because of the higher migration velocity and dust re-entranment during
rapping is reduced

Table 2
Thyristor | IGBT | Improvement
Iprim[mA] 350 700 100%
Opacity[%] 10-12 8 20-30%
6
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Smilarly effects could be obtained when the current in fidld 2 was increased. The values are:

Table 3
Thyristor | IGBT inverter | Improvement
Iprim[mA] 500 650 30%
Opacity[%] ]| 7 5.6 25%

The effect of the currents of fidds 3 and 4 is much smaler. That was aready expected
because of the high efficiency of fidds 1 and 2 the role of fidds 3 and 4 is to collect the
dready charged paticles. Therefore the flashover rate is much lower there and due to the
smaller quantity of particles reaching fields 3 and back corona effect is aso low.

On fidd 5 the increase of current did not result in a big change in the average vaue of the
opacity but the opacity peaks during rapping are mainly disappearing and the therefore the
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Fiaure 7. opacity and current —

average opacity is decreased. It was found that the high eectrica power in the outlet fidd is
required during rapping of the outlet fields. Between the rgpping events energy can be saved
by dropping down the dectricd power. The IGBT inverter is able to increase the current very
fast in comparison with the SCR, improving process efficiency.

FIELDSOF IGBT INVERTER APPLICATIONS

IGBT inverters have been successfully inddled in large eectrodtatic precipitators in power
plants as shown above. One of the first gpplications was in a sedworks on a precipitator with
3 fidds. Stack emissions were reduced by about 50%. Other metallic plants aso showed
amilar results. There are inddlations in cement plants as wel and efficency improvement
was achieved there, too.

POWER CONSUMPTION

Some development has been done in the fidd of lowering the average power consumption of
precipitators with IGBT inverters in operation. Fuzzy Logic adapts the dectrica behavior
continuoudly according to the process conditions.

Additiondly, new control and communication features have been implemented. After
networking the entire high voltage power supplies with a WINPIC optimizing and diagnostics
computer additiond features like energy management for huge precipitaiors are available.
The emisson monitoring Sgnd from the sdack is used as control signal. According to a three
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fidd precipitator modd the corona power of each dectricd fidd is individualy regulated.
Typicdly, savings are up to IMW on large precipitators.

High voltage power supplies

X = e r
Primary wpply & ‘ )

Fig. 8: Power control system "WINPIC"
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