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Indigo Agglomerator Improves Emission Control

Enhanced Fine Particle and Mercury Emission
Control Using the Indigo Agglomerator

Kurzfasung

Verbesserte Feinstaub- und
Quecksilberabscheidung durch
den Emissions-Agglomerator
der Firma Indigo Technologies

Feinstaub ist ein Gesundheitsrisiko, da der
Staub dber ldngere Zeitrdume in der Atmos-
phére verbleibt, tief in die menschliche Lunge
eindringen kann und erhebliche Mengen an
Schwermetallen, wie z.B. Arsen, enthdélt. Fein-
staub ist auBerdem ein wesentlicher Bestand-
teil des Smogs, der die Sicht in zahlreichen
Stddten und sogar Nationalparks einschréankt.
Dartiber hinaus sind Wissenschaftler der Auf-
fassung, dass Feinstdube auch das globale
Klima beeinflussen. Der Emissions-Agglome-
rator der Firma Indigo Technologies verbes-
sert die Feinstaubabscheidung indem die sehr
feinen Partikel an die gréBeren Partikel gebun-
den werden. Die so entstehenden gréBeren
Partikel kbnnen von den herkémmlichen Raus-
gasreinigungsanlagen wie E-Filter, Gewebefil-
ter, Wéscher und Zyklonen wesentlich einfa-
cher und effektiver abgeschieden werden. In
dem vorliegenden Beitrag werden in erster Li-
nie die PM-2,5-Partikel behandelt, d.h. Partikel
mit einem Durchmesser < 2,5 um, sowie Parti-
kel mit einem Durchmesser bis 50 uym. Es
zeigte sich, dass bei kleiner PartikelgréBe sich
die Abscheideleistung des E-Filters um den
Faktor 10 bei 100 um verbessert, wenn dem
E-Filter ein Emissions-Agglomerators vorge-
schaltet wird. Verringerungen dieser GréBen-
ordnung haben Auswirkungen auf die Fein-
staubemissionen in Hinblick auf die menschli-
che Gesundheit und Smog. Dariber hinaus
werden auch die Schwermetallemissionen re-
duziert.

Nach den neuesten Vorgaben der US-Regie-
rung bestehen Grenzwerte fiir die Quecksilbe-
remissionen aus kohlebefeuerten Kraftwerken.
Quecksilber wird als stark gesundheitsgeféhr-
dend angesehen, da es sich in der Nahrungs-
mittelkette ansammelt und sich besonders
stark in einigen Fischsorten konzentriert. Der
Indigo-Agglomerator erh6ht die Quecksil-
berabscheidung, da die Reaktion zwischen
Quecksilber (lonen-Molekiile im Rauchgas)
und Sorbent (Aktivkoks oder Unverbranntes
aus der Flugasche) verbessert wird. Erste
Tests haben ergeben, dass sich die Quecksil-
berabscheidung um den Faktor 5 ansteigt,
wenn ein Indigo-Agglomerator oberhalb eines
E-Filters installiert wird. Dies entspricht den
langfristigen EPA-Anforderungen in den USA.
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The Fine Particle Problem

Extensive research has been carried out on
the health effects of Particulate Matter and it
is universally accepted that the main cause of
health problems are the PM2.5 particles with
a diameter less than 2.5 um, by current con-
vention known as fine particles. The EU
Working Group on Particulate Matter in its
Second Position Paper on Particulate Matter
recommended that PM2.5 should be used “as
the principal metric for assessing exposure to
particulate matter”. This was based on a re-
port by the World Health Organization iden-
tifying PM2.5 as the key component of par-
ticulate that impacts on health issues.

Although small in terms of mass, the sub-mi-
cron fraction contains a very high proportion
of the heavy metals, which are initially
volatilised in the furnace area and then con-
dense in the cooler region of the plant. This
condensation will coat the surface of existing
particles and form some fine particles. Be-
cause most of the surface area is in the fine
particles, this is where most of the heavy
metals condense. Also the surface area to
volume is high in fine particles, so the con-
centration of the condensed heavy metals
will be higher in the fine particles. The sub-
micron particles are respirable and in passing
into the lungs can be retained in the alveoli,
which are small sacks through which oxygen
is extracted by the blood stream and carbon
dioxide released. Any heavy metals particles
reaching the alveoli can eventually become
absorbed by the blood stream and being ac-
cumulative can lead to various health prob-
lems.

The US EPA has carried out a number of
studies that identify the following health is-
sues, (see www.epa.gov/ttn/oarpg/naaqsfin/
pmhealth.html ):

— Premature death;

— Respiratory-related hospital admissions
and emergency room Vvisits;

— Aggravated asthma;

— Acute respiratory symptoms, including ag-
gravated coughing and difficult or painful
breathing;

— Chronic bronchitis;

— Decreased lung function that can be expe-
rienced as shortness of breath;

— Work and school absences.

The EPA believes that the recent reduction in
fine particle ambient air quality levels from
65 pg/m? to 35 pug/m3 will:

— Save 15 000 lives per year;

— Reduce hospital admissions by thousands
each year due to reduced heart and lung
diseases;

— Improved visibility.
There are two factors that cause the greatly
increased contribution of fine particles to the

plume visibility, which is what is measured
by opacity:

— The first factor is the increase in obscura-
tion of a given mass of particles as the
particle size reduces. This is because the
mass is dependent upon volume, which is
proportional to the cube of the particle di-
ameter, while the obscuration is propor-
tional to the cross sectional area, which is
proportional to the square of the particle
diameter. For given mass of particles, as
size reduces from say 10 pm to 1 um, the
amount of obscuration will increase by a
factor of 10.

— The second factor contributing to the in-
creased obscuration of fine particles is the
fact that white light has a wave length of
about 0.8 pum. Thus, particles about this
size will have a significantly increased ob-
scuration due to refraction of the light.
This results in these particles being over
three times as visible.

Thus, the emission of 0.8 um particles will be
over thirty times as visible as the emission of
the same mass of eight micron particles. This
effect is shownin Figure 1, a graphic from
a simulation of the Watson Precipitator using
the EPRI ESPM performance modelling pro-
gramme. It can be seen that although the ma-
jority of the particulate mass is in the 5 um to
10 um size range the main contributor to the
plume visibility or opacity are the 0.5 pm to
1 um size particles. It is these fine particles
that also contribute most to the reduced visi-
bility in our cities and nature reserves

Finally there is increasing evidence that fine
particles are a major contributor to global
warming, generally referred to as the green-
house effect. Scientists carrying out research
in this area suggest that up to 30 % of global
warming may be due to fine black particles
carried into the upper atmosphere.
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Figure 1. EPSM model estimates of opacity and mass emissions.

The Electrostatic Precipitator
Problem

The electrostatic precipitator (ESP) is very
efficient (> 99.9 %) at collecting large parti-
cles, those greater than 10 pm, but as the par-
ticle size falls below 2 pm the ESP efficiency
falls off dramatically. In extreme cases the
collection efficiency can drop below 50 %
but will generally be less than 90 % for parti-
cles between 0.5 pm and 2 um. This is
greater than two orders of magnitude (that is
over 100 times) increase in the emission of
this particle size range.

A typical ESP dust emission for particle sizes
from 0.05 um to 10 pm is given in Figure
2. This data was collected using two particle
size measurement instruments, namely:

— The Process Metrix, Model PCSV-P, dual
beam forward scatter laser particle size
analyser was used to measure particle size
distribution from 0.5 um to 50 pm. This
analyser is equipped with a water-cooled
probe that is inserted into the gas flow to
measure the particles suspended in the
gas. The particle size was adjusted slight-
ly; a factor of 0.7 was applied, on the data
collected by the PCSV analyser so that the
data coincided with the SMPS analyzer
data (Figure 2).

— Sub-micron particle tests were carried out
at Plant Watson by the Southern Research
Institute using a TSI Model 371A SMPS
Analyser, which uses electrostatic mobili-
ty to measure particle distribution from
0.03 pm to 0.85 pm. The TSI Model 371A
SMPS Analyzer uses an extraction system
that removes the larger particles followed
by an electrostatic mobility based particle
size selector that is used to scan and count
the sub-micron particles.

Figure 2 shows the number of particles per
cubic centimetre that the ESP emissions are
worst in the particle size range where the par-
ticles are most visible and most dangerous
for human health, namely from 0.2 pm to

2 um. Because of their small size, these parti-
cles will have a very low mass but a very
high visibility. ESP mass emissions of less
than 10 mg have been measured using the US
Method 17 at Hammond Power Station while
still measuring opacity levels approaching
20 %. Opacity levels below about 8 % are
normally invisible to the human eye. This
shows that very visible plumes can result
from high fine particle emissions even with
extremely low mass emissions.

The Mercury Emission Problem

Mercury is a toxic, persistent pollutant that
accumulates in the food chain. Mercury in
the air is a global problem. While fossil fuel-
fired power plants are the largest remaining
source of human-generated mercury emis-
sions in the United States, they contribute on-
ly a small amount (about 1 percent) of total
annual mercury emissions worldwide.

On 15th March 2005, the United States EPA
issued the Clean Air Mercury Rule to perma-
nently cap and reduce mercury emissions
from coal-fired power plants for the first time
ever. This rule makes the United States the

first country in the world to regulate mercury
emissions from utilities. The Clean Air Mer-
cury Rule will significantly reduce mercury
emissions from coal-fired power plants — the
largest remaining sources of mercury emis-
sions in the country. When fully implement-
ed, these rules will reduce utility emissions
of mercury from 48 tonnes a year to 15
tonnes, a reduction of nearly 70 %. A number
of US states have enacted or plan to enact
regulations to require even greater reductions
in mercury emissions; many require a 90 %
reduction.

Mercury emitted from coal-fired power
plants comes from mercury in coal, which is
released when the coal is burned. Coal-fired
power plants emit mercury in three different
forms: oxidised mercury (likely to deposit lo-
cally); elemental mercury, which travels hun-
dreds and thousands of miles before deposit-
ing to land and water; and mercury that is in
particulate form. Because mercury can be
transported thousands of miles in the atmos-
phere, and because many types of fish are
caught and sold globally, effective exposure
reduction will require reductions in global
emissions.

Concentrations of mercury in the air are usu-
ally low. However, atmospheric mercury
falls to the Earth through rain, snow and dry
deposition and enters lakes, rivers and estuar-
ies. Once there, it can transform into,
methylmercury, and can build up in fish tis-
sue. We are exposed to methylmercury pri-
marily by eating contaminated fish. Because
the developing foetus is the most sensitive to
the toxic effects of methylmercury, women
of childbearing age are regarded as the popu-
lation of greatest concern. Children who are
exposed to methylmercury before birth may
be at increased risk of poor performance on
neurobehavioral tasks, such as those measur-
ing attention, fine motor function, language
skills, visual-spatial abilities and verbal
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Figure 2. Electrostatic Precipitator (ESP) emissions.
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a) Fine particles only

b) Fine and large particles

c) Fine and large particles
with FAP

Figure 3. Colour coded LIF analysis of fine particle mass density, Color code — blue —no 1 um
droplets, red — maximum concentration of 1 um droplets.

memory. More information is available at
http://www.chem.unep.ch/mercury/Report/K
ey-findings.htm.

Environmental protection agencies around
the world are looking at the mercury problem
and developing strategies to regulate the
emission of mercury to the atmosphere. The
United States is the first country to regulate
mercury emissions but others will soon fol-
low their lead. Mercury emission control
from coal-fired power stations will be the fo-
cus for future regulation in many countries.
The EU are currently reviewing the effects of
current EU law on mercury emissions, pro-
viding information to support further mer-
cury emission cuts in member states and
studying the implications of additional con-
trol of releases from coal burning power sta-
tions.

Power stations with ESP generally collect be-
tween 20 % and 50 % of the mercury in the
coal, depending upon the coal properties and,
in particular, the level of un-burnt carbon in
the form of soot emitted from the boiler. As
the level of un-burnt carbon increases more
mercury is adsorbed by the carbon and the
mercury emissions will be reduced. Mercury
removal can be increased up to about 70 %
by adding activated carbon to the exhaust gas
following the Air-heater. Mercury is effec-
tively adsorbed by carbon at low tempera-
tures, generally below 160 °C. Removal effi-
ciencies of 90 %, as requires in some US
states, are difficult to achieve with an ESP,
even using activated carbon injection.

The Indigo Agglomerator Solution

The Indigo agglomerator is a new technology
initially developed five years ago in Aus-
tralia. It has been tested on a range of Aus-
tralian, US and South American coals with
significant success in reducing fine particles
emissions. The Indigo agglomerator is in-
stalled in the inlet duct immediately prior to
the ESP. Fine particles entering the Indigo
agglomerator are attached to the larger parti-
cles by a combination of electrostatic and flu-

idic processes. These large agglomerates are
then easily collected in the ESP that follows
the Indigo agglomerator.

The Indigo agglomerator utilises two patent-
ed processes that cause the fine particles to
attach to the large particles, which are easily
captured by the ESP. The first process is the
Fluidic Agglomeration Process (FAP), a
physical process that occurs without the need
for electrical energisation. The Bipolar Elec-
trostatic Agglomeration Process (BEAP) re-
quires electrical energisation to charge the
particles. It is the combination of these two
processes that result in the massive reduction
in fine particles shown in the test data.

The Fluidic Agglomeration Process (FAP),
which uses enhanced fluidic-based particle
size selective mixing to increase the physical
interaction between the fine particles and the
large particles. This increased interaction
vastly increases collisions between the fine
and large particles resulting in the formation
of agglomerates, which significantly reduces
the number of fine particles. Extensive test-
ing at the University of Adelaide using
Laser-induced Fluorescence (LIF) has con-

firmed that FAP greatly reduces the number
of fine particles. One micron water droplets,
doped with a chemical that fluoresces when it
passes through a laser sheet, were introduced
into the gas flow in a wind tunnel. The inten-
sity of the fluorescence, which is proportion-
al to the total volume of fine particles passing
through the laser sheet, was measured using a
digital video camera with a filter set at the
wavelength of the fluorescence. A computer
was used to analyse this video data by aver-
aging over time then scaling and colour cod-
ing the fine particle spatial distribution from
blue, indicating no fine particles, through the
spectrum to red, as the number of fine parti-
cles increases. Larger un-doped droplets, of
about ten microns, could be injected as re-
quired but appear blue in the LIF analysis
due to the filter. When the fine droplets col-
lide with the large droplets they are absorbed
and cease to fluoresce, due to the high dilu-
tion of the un-doped large droplets.

InFigure 3a, the colour coded distribution
(Blue — no 1 pm droplets through to Red —
maximum concentration of 1 um droplets) of
fine droplets without any large droplets or
FAP, is the base condition for fine droplet
mass comparison. In Figure 3b the distri-
bution of fine droplets with large droplets in-
jected but no FAP, shows increased fine
droplet dispersion but little change in total
fine droplet mass. In Figure 3c the distrib-
ution of fine droplets with large droplets in-
jected and FAP operating shows a greatly re-
duced fine droplet mass. This data proves
FAP greatly increases the collisions between
fine and large droplets thereby significantly
reducing the number of fine droplets. The
percentage of collisions that result in ag-
glomeration is, as yet unknown, but site test
have shown FAP reduces fine particle count
by more than half on the full size installation.

BIPOLAR CHARGER

Grounded plate
Negative emitters
Positiv emitters

Neutral gas particles
flow into the
agglomerator

Size selective
mixing system

Figure 4. The bipolar electrostatic agglomeration process (BEAP).
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The Bipolar Electrostatic Agglomeration
Process (BEAP) uses two key processes to
reduce fine particle emissions. A bi-polar
charger is used to charge half of the dust with
a positive charge and half negatively. The
bipolar charger has a series of alternating
positive and negative parallel passages that
the gas and dust pass through to acquire a
positive or negative charge. The second key
process is a specially designed size selective
mixing system that causes the fine positive
particles to be carried by the gas and mixed
with the large negative particles emitting
from the adjacent negative passage. The mix-
ing system also causes the fine negatively
charged particles to mix with the large posi-
tive particles, as shown in Figure 4. Be-
cause electrostatic force decreases rapidly
with distance, the mixing system is essential
as it brings the fine particles close to the op-
positely charged large particles so that the
electrostatic force is sufficient to cause them
to attach forming agglomerates. Plant tests
have shown that BEAP also reduces fine par-
ticles by more than half on the full size in-
stallation.

Fine Particle Test Data
from Watson Power Station

Tests performed at the Indigo Agglomerator
trial installation at Watson Power Station
show a huge reduction in fine particle emis-
sions when an Indigo Agglomerator was in-
stalled in front of an existing ESP. Watson
Power Station, located in Gulfport, Missis-
sippi in the USA, is a 250 MW wall-fired,
pulverised coal boiler with two air-heaters
connected to two separate ESP's. An Indigo
Agglomerator was installed in front of the
“B” ESP and particle size tests were per-
formed on both “A” and “B” ESP's. Figure
5 shows a comparison of the slip, the per-
centage of the dust entering the ESP that is
emitted to the atmosphere, from both “A”
and “B” ESP's, for particle sizes from
0.05 um to 10 pm. These tests were per-
formed using the two probes described
above.

The collection efficiency of “A” ESP decreas-
es rapidly below 2 pm particle size, as indi-
cated by the increasing slip (slip % = 100-
efficency %). Over 50 % of the particles in
the key 0.6 um to 1 um size range are not
captured by “A” ESP. The “B” ESP captures
90 % of those particles, resulting in a greatly
reduced visible emission as measured by
opacity.

It can be seen that the reduction in fine parti-
cle emissions provided by the Indigo ag-
glomerator increases with reducing particle
size, as indicated by the improvement trend
line in Figure 5. This shows a 60 % im-
provement at 10 pm increasing to 75 % at
1 pm and 90 % at 0.1 um. Thus, the fine par-
ticle emission reduction provided by the Indi-
go agglomerator increases from a factor of 2
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Figure 5. Comparison of dust emitted to the atmosphere with and without the Indigo agglomerator.

at 10 um to a factor of 10 at 0.1 um. The av-
erage reduction in PM2.5 emissions is about
a factor of 5 or 80 %.

Fine Particle Test Data from
Tarong Power Station

Tests performed at Tarong Power Station
show an increase in fine particles collected in
the ESP hoppers and an increase in arsenic
concentration in the collected dust on pass 1,
with an Indigo agglomerator installed before
the ESP, compared to pass 2, without an In-
digo agglomerator. Both pass 1 and pass 2
treat gas from air-heater A while pass 3 and
pass 4 treat gas from air-heater B. Tarong
Power Station is located near Brisbane,
Queensland in Australia and has four by
350 MW units. Each ESP pass at Tarong
Power Station has six zones or sections with
a separate hopper for each with a total of
260 sec/m SCA. Ash was taken from hoppers
1, 2, 4 and 6 for particle size and/or arsenic
concentration measurement are representa-
tive of the dust collected in the 1, 2, 4 and 6
ESP zones.

Figure 6 shows the particle size distribu-
tions for hoppers 1, 4 and 6. The larger parti-
cles are mainly captured in the in the front of
the ESP. Most of the larger particles are
found in the front hopper, i.e. hopper 1, how-
ever, there are more fine particles captured in
this hopper on pass 1. The fine particles are
captured in the in the rear of the ESP, as is
evident from the rear hopper particle size dis-
tribution. There are less large particles in the

Table 1. Arsenic concentration in the ash.

rear hoppers of pass 1 but there are more fine
particles. The agglomeration of the fine parti-
cles to the larger particles will result in the
larger agglomerates being captured in the
front of the pass 1 ESP with the Indigo ag-
glomerator, hence the reduced number of
larger particles in the rear hoppers. The ag-
glomeration of fine particles to slightly larger
particles will increase the number of fine par-
ticles collected in the rear of the ESP, hence
the increased number of fine PM2.5 particles
in the rear hoppers.

Arsenic vaporises in the combustion process
but condenses in the colder rear section of the
boiler. The condensation will preferentially
form on the surface of existing particles on
the basis of surface area. Some may also con-
dense to form ultra-fine particles. Because
the vast majority of the surface area is in the
fine particles, most of the condensed arsenic
ends up in the fine particles. The concentra-
tion of arsenic will also be higher in the fine
particles because the ratio of surface area to
volume is inversely proportional to particle
size.

Table 1 shows the arsenic concentration in
the ash samples from hoppers 1, 2, 3 and 4.
The arsenic concentration is consistently
higher on the pass 1 ESP, with the Indigo ag-
glomerator, as this ESP consistently collects
more fine particles, as shown in Figure 6. As
the fine particles are preferentially collected
in the rear of the ESP, the concentration of
arsenic is largest in the rear hoppers. The in-
crease in the fine particle collection on pass 1

Hopper 1 Hopper 2 Hopper 4 Hopper 6
ESP pass 1 2.98 mg/kg 7.94 mg/kg 20.3 mg/kg 24.7 mg/kg
ESP pass 2 1.7 mg/kg 2.78 mg/kg 14.1 mg/kg 20.2 mg/kg
Pass 1 increase 75 % 186 % 45 % 22 %
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Figure 6. Hopper particle size distribution.

provided by the Indigo agglomerator has less
of an impact on the arsenic concentration be-
cause there is already a high concentration of
fine particles and arsenic. The ESP preferen-
tially collects large particles in the front sec-
tion, where most of the dust is collected (up
to 90 %), hence the concentration of arsenic
is lower, due to the dilution of the large parti-
cles, and the improvement is lower, due to
the large mass of dust collected.

The improvement is greatest in hopper 2,
which represents the dust collected in zone 2

of the ESP. The amount of dust collected in
ESP zone 2 is a lot less, up to an order of
magnitude, than that collected in zone 1 and
therefore there is a lot less dust in hopper 2
than hopper 1. The increase in fine particles
and, hence arsenic concentration, is therefore
more significant.

Mercury Test Data from
Watson Power Station

A single set of mercury tests at full load were
carried out at the Mississippi Power's Plant

Table 2. Plant Watson, Unit 4, mercury carbon trap test results.

Watson on Indigo agglomerator trial installa-
tion on Unit 4 in January, 2004. The plant
was burning Columbian CMC coal, which
had a LOI level of between 9 % and 16 %
and no sorbent, such as activated carbon, was
injected. The CMC coal was selected because
it normally produced a high level of LOI,
which is the prime mercury sorbent produced
by the combustion process. Coal ash samples
taken from the three ESP ash hoppers during
the mercury tests were analysed and the un-
burnt carbon measurements are given in
Table 2.

Much of the un-burnt carbon from this coal is
in the form of soot, very fine carbon particles
formed from the incomplete combustion of
heavy hydrocarbons (oils) in the coal. The
soot, being very fine particles, is mainly col-
lected in the rear of the ESP, as can be seen
from Table 3. The Indigo agglomerator in-
creases the ESP fine particle collection effi-
ciency, hence the higher carbon found in the
rear hoppers on B side. The lower carbon
level in the front hopper indicates a lower un-
burnt carbon level on B side and therefore
one would expect less mercury removal.

Total mercury trap sampling in triplicate was
performed by the Southern Research Institute
at the air-heater outlet, the Indigo agglomera-
tor outlet and the ESP outlet on B side and at
the air-heater outlet and ESP outlet on A
side. The mercury traps and plugs or pre-fil-
ters, used to trap particulate prior to the mer-
cury trap, were sent to Frontier Science for
analysis. The coal was also analysed and was

SRI Revised
SRI volblank averages
Date Start End sample | corrected with plugs
time | time sample ID (liters) (ng/md) (ng/m3)

1/27/2004 | 1420 | 1445 WAI-1-FSTMA 15.45 4.88

1/27/2004 | 1508 | 1540 WAI-2-FSTMA 15.40 3.80 a side air-heater outlet 4.25 | (ug/md) 4.51
1/27/2004 | 1607 1647 WAI-3-FSTMA 15.14 4.06

1/27/2004 | 1420 | 1446 WAO-1-FSTMA | 15.02 3.58

1/27/2004 | 1513 | 1537 WAO-2-FSTMA 15.02 3.32 a side ESP outlet average 3.20 | (ug/md) 3.58
1/27/2004 | 1613 | 1632 WAO-3-FSTMA | 15.04 3.02

1/27/2004 | 1720 | 1747 WAO-4-FSTMA | 15.02 2.89

1/28/2004 | 803 847 WBI-1-FSTMA 15.17 1.08

1/28/2004 913 950 WBI-2-FSTMA 15.04 0.44 B side air-heater outlet 0.79 | (ug/m3) 2.64
1/28/2004 | 1015 | 1103 WBI-3-FSTMA 15.16 0.84

1/28/2004 | 805 836 WBO-1-FSTMA | 15.03 0.74

1/28/2004 | 858 930 WBO-2-FSTMA | 15.08 0.83 B side ESP outlet average 0.82 | (ug/md) 0.91
1/28/2004 | 1020 | 1052 WBO-3-FSTMA | 15.02 0.89

1/28/2004 | 1202 | 1247 WBI-4-FSTMA 15.28 0.50

1/28/2004 | 1330 | 1410 WBI-5-FSTMA 15.20 0.39 B side air-heater outlet 0.53 | (ug/md) 2.50
1/28/2004 | 1430 | 1510 WBI-6-FSTMA 15.35 0.72

1/28/2004 | 1200 1244 WBAGO-1-STMA  15.04 0.36

1/28/2004 | 1329 | 1408 | WBAGO-2-STMA| 15.03 0.66 B side indigo AG outlet overage | 0.51 | (ug/m3) 2.08
1/28/2004 | 1430 | 1510 | WBAGO-3-STMA| 15.04 0.50

Note: Significant problems on B side with high unburned carbon levels and loading of prefilters which had to be changed out

at least once per test.
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found to contain mercury equivalent to
4.5 ug/m?3 at the air-heater outlet. The sample
point locations are shown in Figure 7.

Three separate samples were taken at the A
side air-heater outlet concurrently with four
samples at the A side ESP outlet on the 27th
January 2004. Six samples were taken at the
B side air-heatero, three concurrently with
the three at the Indigo agglomerator outlet
and three concurrently with three at the A
side ESP outlet on the 28th January 2004.
The 19 sealed mercury traps along with the
plugs or pre-filters were sent to Frontier Sci-
ence for analysis. The total mercury results
measured by Frontier Science, as supplied by
the Southern Research Institute, are given in
Table 2.

Although most of the results looked reason-
able, the total mercury in the B side air-
heater outlet traps (0.79 pg/m?) was very low
compared to that expected based on the coal
analysis (4.5 ug/m3) and the A side air-heater
outlet analysis results (4.25 ug/m?). After
consideration, it was thought likely that the
mercury may have been trapped by the LOI
carbon particles captured in the plugs or Pre-
filters. After some weeks it was decided to
have Frontier Science analyse the plugs or
pre-filters to determine the level of mercury
present. This was found to be very high on B
side and lifted the total mercury concentra-
tion at the air-heater outlet from 0.79 pg/m?
to 2.64 ug/m3, there was more than twice the
mercury in the plug or pre-filter than there
was in the actual mercury trap. The main
variation was at the B side air-heater outlet
and the Indigo agglomerator outlet, the varia-
tion in the other results was quite small, as
little mercury was found in the plug or pre-
filter. This data shows a 65.5 % reduction in
mercury emission on B side with the Indigo
agglomerator compared to a 20.6 % reduc-
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Figure 7. Mercury sample points.

tion across the ESP on A aide. This is a 70 %
improvement in mercury removal on B side
ESP with the Indigo agglomerator compared
to the A side ESP.

There is still a large difference in the mercury
concentration at the B side air-heater outlet
(2.64 pg/m3) compared to A aide air-heater
outlet and the coal data (4.5 ug/m?). Because
the plugs or pre-filters were not stored in
sealed containers during the period between
the sampling and the analysis, some weeks
later, it is certain that some of the mercury in
the plugs or pre-filters would have escaped,
since mercury will evaporate at normal tem-
peratures. By assuming a similar percentage
loss from all plugs or pre-filters, the plugs or
pre-filters mercury can be adjusted until both
A side and B side air-heater outlets are about
the same. This indicated that the loss of mer-
cury from the plugs or pre-filters was about
54 %, which is reasonable given the extended
time between sampling and analysis. As

Table 3. Percentage un-burnt carbon measured in each ESp hopper.

shown in Table 4, the reduction in mer-
cury emission on B side with the Indigo ag-
glomerator is 78 % compared to a 16 % re-
duction across the ESP on A side. This is an
80 % improvement in mercury removal on B
side ESP with the Indigo agglomerator com-
pared to the A side ESP.

The effect of mercury adsorption by the car-
bon caught in the per-filter was very small at
the ESP outlet. If the inlet mercury concen-
tration was the same, the collection trap mea-
surements at the ESP outlet show almost a
75 % improvement in mercury removal on B
side ESP (0.82 mg/m?) with the Indigo ag-
glomerator compared to the A side ESP
(3.2 mg/m?). The mercury emissions from
the A side ESP are four times that emitted
from the B side ESP equipped with an Indigo
agglomerator. The results are almost the
same if the mercury adsorbed in the per-filter
is included. This shows a significant reduc-
tion in mercury emissions from the B side
ESP even though the un-burnt carbon level in
the front hopper is lower, which should indi-
cate a lower level of mercury adsorption as

Front Hopper Middle Hopper Rear Hopper there is less un-burnt carbon to adsorb the
A side hoppers 8.7 % 9.7 % 143 % mercury.
B side hoppers 7.0 % 13.6 % 23.0 %
Tabelle 4. Mercury measurement correction and analysis.
Mercury Mercury Mercury Mercury Total Mercury Removal
Measured in in Filter and in Filter in Filter with with 54 % Efficiency
Collection Trap Collector 54 % loss loss
ug/m3 pg/ms pg/ms pg/m3 ug/m3 %
A side air-heater outlet 4.25 4.51 0.26 0.57 4.82 16.4
A side ESP outlet 3.2 3.58 0.38 0.83 4.03
B Side air-heater outlet 0.79 2.64 1.85 4.02 4.81 78.9
B Side ESP outlet 0.82 0.91 0.09 0.20 1.02
B Side air-heater outlet 0.53 2.5 1.97 4.28 4.81 18.5
B Side agglomerator outlet 0.51 2.08 1.57 3.41 3.92

NOTE - estimate of mercury from coal analysis is 4.5 ug/m?3
Increased mercury emissions from a side electrostatic precipitator 481.4 %
Mercury removal improvement with agglomerator is 77.5 %
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Conclusion

Fine particles, in particular PM2.5, are an ac-
knowledged health hazard and government
environmental protection organisations
around the world are now focussing on con-
trolling the emission of these fine particles.
ESP's are poor collectors of fine particles,
particularly between 0.5 um and 2 pum. The
ESP collection efficiency, normally around
99.9 % for larger particles, is generally less
than 90 % in this particle size range and can
fall below 50 % in worst case conditions.
This results in the emission of large numbers
of very fine but very visible particles. Al-
though these emissions may have a very low
mass emission, in some cases less than
10 mg/m?3, the opacity, the measurement of
visibility will be very high.

The Indigo Agglomerator provides a signifi-
cant reduction in fine particle emissions by

Indigo Agglomerator Improves Emission Control

attaching the fine particles to the large parti-
cles, which are easily collected in the ESP.
The reduction in fine particles provided by
the Indigo agglomerator technology increases
from 60 %, about a factor of 2, at 10 pm to
90 %, about a factor of 10, at 0.1 um. PM2.5
emissions may be reduced by up to 80 %
with the installation of an Indigo agglomera-
tor in front of an ESP. This will provide a
significant reduction in visible emissions, as
measured by opacity.

The hopper ash tests carried out at Tarong
Power Station show increased fine particle
collection and a significantly increased ar-
senic concentration in the ash. This supports
both the relationship between fine particles
and heavy metal concentration plus the en-
hanced fine particle removal provided by the
Indigo agglomerator. Thus the Indigo ag-
glomerator also will significantly reduce
heavy metal emissions by reducing fine parti-
cle emissions.

Despite problems with the mercury measure-
ment and analysis at the B side air-heater out-
let and the Indigo agglomerator outlet sample
points, the test data measured at both ESP
outlets was consistent and reliable, since the
LOI levels were much lower and the mercury
caught by the plug or Pre-filter was minimal.
The mercury emissions were much lower, 0.9
pg/m3 to 1.0 pg/m3, on B side with the Indigo
agglomerator compared to A side with just
the ESP, 3.6 ug/m3 to 4.0 ug/m3. This indi-
cates a consistent 75 % reduction in mercury
emissions with the Indigo agglomerator in-
stalled. The data shows a removal efficiency
of between 65 % and 79 % with the Indigo
agglomerator and the ESP compared to 16 %
to 21 % with the ESP alone. This indicates a
huge 300 % to 500 % increase in mercury
emissions from the A side ESP, without the
Indigo agglomerator installed, compared the
B side ESP, with an Indigo agglomerator in-
stalled at the inlet. |



