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In advanced electrostatic stimulation of fabric filtration (AESFF), a high
voltage electrode is placed coaxially inside a filter bag to establish an
electric field between the electrode and the bag surface. The electric field
alters the dust deposition pattern within the bag, yielding a much lower
pressure drop than that found in a conventional bag. Pilot plant results
show that AESFF bags can operate with a rate of pressure loss that is 70
percent below that for conventional bags. The presence of the electric field
also affects the aging characteristics of the AESFF bags. On the average, the
AESFF bags had residual drags that were 10 percent below those of
conventional bags. The results show that AESFF baghouses can yield the
same pressure drop performance as conventional baghouses while operating
at much higher air-to-cloth ratios. An economic analysis evaluated the
capital, operating, and maintenance costs for electric utility plants ranging
from 200 to 1,000 MW. For AESFF baghouses the capital cost was found to
be 25 to 48 percent below that of a conventional baghouse. A lifetime cost
analysis predicts a net present value for an AESFF baghouse that is 10 to 30
percent below that of a conventional baghouse.

With few exceptions, fabric filters
(baghouses) have proven to be very ef-
ficient dust collectors. As a result, the
emphasis of baghouse research has
been on finding ways to lower the pres-
sure loss that is the natural result of
dust buildup on a fabric surface. One
method of lowering the pressure loss
across a dust cake is through the use of
electrostatics. Numerous attempts
have been made to use electrostatic ef-
fects to improve the performance of
fabric filters.l:2 These efforts have met
with varying degrees of success, and
several concepts have been demon-
strated on both reverse-air-cleaned
and pulse-cleaned pilot units.>5 The
results of these demonstrations have
shown that electrostatic enhancement
can have a significant effect on pres-
sure drop. As these techniques have
only been demonstrated at the pilot
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plant/demonstration unit stage, utili-
ties are reluctant to pursue this tech-
nology.

In recent years, the U.S. Environ-
mental Protection Agency has tested a
center-wire electrode configuration,
called advanced electrostatic stimula-
tion of fabrie filtration, (AESFF) that
produces a greater reduction in pres-
sure loss than previously studied meth-
ods. The general concept of a center-
wire electrode configuration is an out-
growth of various attempts to develop a
combined electrostatic precipitator/
fabric filter device.®® As described by
Hovis et al.,!° the EPA configuration is
fairly simple and is quite similar to that
described by Frederick? (Figure 1). A
high voltage is imposed on an electrode
which is coaxial with the bag so that an
electric field is established between the
electrode and the dust/fabric surface
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(which serves as the ground plane).
The presence of the electric field alters
the dust deposition pattern and the
structure of the dust cake, resulting in
a reduction in the pressure drop across
the bag. Laboratory results'® showed
that this design reduced the rate of
pressure loss by 90 percent; this im-
provement is much better than that of-
fered by any previous method of elec-
trostatic enhancement. In addition, the
hardware is simpler than that required
for other methods. Encouraged by
these laboratory results, EPA initiated
a pilot test program in conjunction
with the U.S. Navy to assess the techni-
cal and economic feasibility of this new
method.

This paper provides a brief descrip-
tion of the pilot program, which includ-
ed some novel measurement and obser-
vation techniques, the results of the
pilot program, and an economic analy-
sis of AESFF based on the pilot results.
The complete details of the test pro-
gram are contained in the project re-
port.1!

Pilot Program

A fabric filter pilot plant was de-
signed to filter coal fly ash from a slip-
stream from two spreader-stoker-fired
boilers. The plant was located at Cher-
ry Point Marine Corps Air Station in
Havelock, North Carolina. The boilers
are rated at a maximum of 9.77 kg
steam/s (77,500 1b/h). Only one boiler
was on-line at any given time during
the pilot plant test. The fuel for the
boilers was an Eastern coal with 1 per-
cent sulfur, 5 percent water, and a heat
content of 31,600 kJ/kg (13,600 Btu/
1b). The ash from the boiler had a high
unburned carbon content with the re-
sult that its electrical conductivity was
Copyright 1988—APCA
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relatively high for a coal ash. The slip-
stream to the pilot plant was drawn
from the outlet of a mechanical dust
collector. As a result, the average mea-

sured dust load at the inlet to the -

baghouse was somewhat low (574 mg/
Nm?3).

The pilot plant consisted of a single
suction-type compartment fitted with
at first six and then four woven glass
bags (JP Stevens 648 fabric) 7.3 m (24
ft) long and 0.2 m (8 in.) in diameter. In
the six bag arrangement, there were
two rows of three bags each, with alter-
nating AESFF and conventional bags.
All of the bags were fitted with elec-
trodes as shown in Figure 1; however, a
maximum of three bags were electrified
at any time. The electric field strength
ranged from 1.8 to 3.5 kV/cm and aver-
aged approximately 2.7 kV/em. Cur-
rent density ranged from 10 to 20 nA/
cm?, with most of the testing per-
formed at 10 nA/cm? The gas flow was
drawn at a rate of 19.8 m3/min (700
acfm). At full load the fan could pro-
duce an average face velocity of 0.71 m/
min (2.33 ft/min) for six bags. By re-
moving two bags from service, the re-
maining bags would have an average
face velocity of 1.06 m/min (3.5 ft/min).
The unit operated on a 12-hour cycle
with a cleaning period of 10 minutes at
the end of each cycle. A small fan pro-
vided ambient air for reverse-air clean-
ing.

The test program called for a pro-
longed side-by-side comparison of con-
ventional and AESFF filtration. The
bags operating as conventional filters

served as experimental controls to per-
mit assessment of the effectiveness of
AESFF. Certain constraints affected
the design of the experiments. First,
there was only a single baghouse mod-
ule available for use in the test pro-
gram. Second, the host site for the pilot
plant was only available for one year,
after which the pilot plant had to be
removed. Third, the pilot plant could
not be continuously manned. These
constraints were not overly restrictive,
since the focus of the pilot program was
to demonstrate the feasibility of ad-
vanced ESFF and not to try to optimize
the design or operation. Nevertheless,
some novel techniques were required to
ensure the successful completion of the
project. In order to deal with the first
two constraints, individual bag flow
monitors (IBFMs) were used to permit
simultaneous operation of two differ-
ent types of filtration (i.e., standard,
non-enhanced filtration and AESFF)
in a single compartment. An IBFM is
simply a calibrated orifice plate placed
at the inlet of the bag on top of the
compartment tubesheet. Pressure taps
located on the upstream and down-
stream sides of each orifice plate pro-
vide a mechanism for measuring the
orifice pressure drop. Data on the pres-
sure drop, temperature of the gas, and
calibration allow the flow into each bag
to be calculated. The greatest advan-
‘tage of testing the AESFF and conven-
tional bags in a single compartment is
that the different bags were exposed to
identical conditions, providing in-
creased confidence in the comparison
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Figure 1. A prototype electrode design for implementation of
advanced ESFF.

of the results for the two sets of bags.
The only disadvantage to this tech-
nique is the additional analysis re-
quired to understand the data. The de-
tails of the data analysis will be out-
lined below.

The other major hurdle to be faced
was the requirement that the pilot
plant operate unattended for extended
periods of time. While it was not diffi-
cult to design the baghouse itself for
unattended operation, there was the
problem of data collection. The limited
amount of time available for the use of
the test site meant that mistakes would
be costly in terms of lost operating
time. In other words, it was essential to
have a means to check up on the plant
on a daily basis and to inspect the data
as it was collected. To meet these re-
quirements, off-the-shelf hardware
and software were assembled into a
data collection system that would auto-
matically collect and store the dataona
microcomputer and permit remote ac-
cess to the stored data. This system was
a great asset to the test program since it
eliminated the cost of labor for data
collection and since the automatic stor-
age of data in magnetic form eliminat-
ed the possibility of errors that would
accompany manual entry of the data
into a computer. A complete descrip-
tion of the data collection program is
given by Viner et al.12

The only data that were not collected
automatically were the inlet dust load-
ing readings. This was measured on two
occasions by standard EPA Method 5
techniques. It was assumed that the
dust load was constant over time. Al-
though this is a tenuous assumption,
the importance can be minimized by
calculating relative (as opposed to ab-
solute) values.

Data Analysis

A commonly accepted model of pres-
sure drop behavior in fabric filters
holds that the drag across a filter in-
creases linearly with the dust load on
the filter, expressed as:

APdustffabric
S(t) Vo
=8, +K,W(t -ty (1)

where S(t) = the drag across the filter
at time ¢ (kPa-min/m)
APgust/tabric = the pressure loss across
the dust/filter (kPa)
V(t) = the filtration velocity at
time ¢ (m/min)
S, = the effective residual
drag (kPa-min/m)
K, = the specific resistance of
the dust (N-min/g-m)
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Figure 2. Average air-to-cloth ratios for each bag during one filtration cycle.

W(t — tciean) = the mass of dust depos-
ited per filter area (since

the most recent cleaning

at time #ciean) (kg!{m%

In a conventional baghouse, the pres-
sure loss from one side of the dust/fab-
ric surface to the other is equal to the
tubesheet pressure drop. In this study,
the tubesheet pressure drop is the sum
of two pressure drops: the pressure loss
through the dust/fabric depth and the
pressure loss due to the IBFM orifice
plate at the inlet to the bag; that is,

APy pesheet = APyrifice + APyst/tabric (2)

The IBFM pressure drop is usually
small, [less than 0.1 kPa (0.4 in. H;0)]
however, it must be taken into account.
By measuring both the tubesheet pres-
sure drop and the IBFM orifice pres-
sure drop, the dust/fabric pressure
drop can be obtained by difference.

The purpose of the IBFM orifice
plate is to permit the determination of
the flow into individual bags. The aver-
age face velocity across the bag surface
is the ratio of the bag flow to the bag
surface area; that is,

_ k'!APoriﬁve'T
Vit) = A

where k = a calibration constant char-
acteristic of the orifice plate
[m?/min (kPa °K)'/%
T = the temperature of the gas
passing through the orifice
(K)
A = the active filtration surface
area of the bag (m?2).
By measuring the orifice pressure drop
and the gas temperature, the average
filtration velocity through a bag of area
A can be calculated. This information
can then be used to determine the rate
of dust accumulation on a filter bag.

(3)
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The cumulative dust load is found by
integration:

t
Wt = t400) = C; f Vihd: (@)
Lelean
where C; = dust concentration at the

inlet of the filter (kg/m3).

When expressed in terms of drag, as
in Equation 1, the dust/fabric pressure
drop is seen to be a function of the
residual drag of a filter (S,) and the
specific dust resistance (K3). The filter
drag (S) and dust load (W) at any time
(t) can be calculated from the mea-
sured gas flowrate, and the values of S,
and K can be determined for each bag
by linear regression of the drag-dust
load data. Given values of K, and S,,
one can calculate pressure drop for a
system operating at different condi-
tions (e.g., filtration wvelocities, dust

loads). In particular, one can predict
the pressure drop performance of con-
ventional and AESFF baghouses oper-
ating under identical conditions.

Pilot Plant Resuits

The pilot plant was brought on-line
in May 1985 with a total of siz bags,
three of which were electrified. For the
sake of clarity, the AESFF bags will be
referred to as bags 2, 4, and 6 (i.e., the
“even” bags). The conventional bags
were numbered 1, 3, and 5 (i.e., the
“odd” bags). The first test was to see if
the electric field had any effect on the
distribution of flow between AESFF
and conventional bags. The informa-
tion on individual bag flows can be ob-
tained from the IBFM orifice data. An
example of this data (in terms of bag
flow per unit area) is shown in Figure 2.
There are two sets of curves shown in
the figure. The upper set of curves cor-
responds to three even (i.e., AESFF)
bags, and the lower set of curves corre--
sponds to two of the odd (i.e., conven-
tional) bags. The data shown in the fig-
ure are from early in the test program
and, although it is a bit noisy, it shows a
clear distinction between the AESFF
and conventional bags. The important
feature of the data is the much higher
flow through the AESFF bags, indica-
tive of a lower flow resistance. In this
case, the AESFF bags are carrying
roughly 70 percent more flow than the
conventional bags. The gap between
the velocity curves of the two odd bags
is largely due to differences in drag
characteristics of the new bags. This
discrepancy eventually disappeared.
The noise in the data was due to prob-
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Figure 4. Drag correlation for the AESFF bag.

lems of water condensation in the
IBFM pressure lines. The data for bag
1 were lost during this cycle because of
this problem, which was later correct-
ed.

To condense the data from Figure 2,
the cycle average air-to-cloth ratio (i.e.,
average volumetrie flowrate divided by
total bag area) was computed for each
bag during each filtration interval,
yielding a single value indicative of the
bag performance for that cycle. A plot
of the cycle average air-to-cloth ratios
for several cycles early in the test pro-
gram are shown in Figure 3. Once
again, the upper set of curves corre-
sponds to the even (AESFF) bags and
the lower get of curves to the odd (con-
ventional) bags. The data for cycles 15
through 35 show a clear and consistent

differentiation of flow toward the
AESFF bags. However, it was not cer-
tain that AESFF was the cause of that
flow differentiation. Therefore, at the
outset of cycle 36 the voltage was
switched from the even bags to the odd
bags. Thus, the bags that formerly were
AESFF bags were now conventional
bags and vice versa. Within a few cy-

cles, the flow curves had crossed as -

shown for cycles 36 to 40. As time went
on, this difference became more pro-
nounced. As a result, it was concluded
that the flow differentiation was clear-
ly a function of the voltage applied to
the electrodes in the AESFF bags.

The flow differentiation seen in the
figures is convincing evidence of the
existence of an AESFF effect. Howev-
er, further analysis is required to ob-
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Figure 5. Drag correlation for the conventional bag.
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tain a quantitative assessment of the
effect of AESFF on pressure drop. Spe-
cifically, the parameters S, and K, that
appear in Equation 1 had to be deter-
mined. The inlet dust concentration
and instantaneous air-to-cloth ratio
were integrated over time as shown in
Equation 4 to yield the cumulative are-
al dust density- (W) as a function of
time. Equation 2 was rearranged to
yield the dust/fabric pressure drop as a
function of time based on the recorded
tubesheet and IBFM pressure drops.
Individual bag drags were then com-
puted as the ratio of the dust/fabric
pressure drop to the bag face velocity.
Examples of the results of these calcu-
lations are shown in Figures 4 and 5 in
which the drag of a bag is plotted as a
function of the corresponding dust load
on that bag. The straight line that
passes through the data in each figure
is the regression fit to the data. There
are two important features to note in
these figures. First, the straight lines
provide a good fit to the data, indicat-
ing that the assumption of a linear rela-
tionship between drag and dust load
(i.e.; Equation 1) is reasonable. Second,
the slopes (i.e., K; values) of the two
lines are quite different; that is, the
drag for an AESFF bag rises much
more slowly than that of a conventional
bag. There is also a slight difference in
the intercepts of the two lines, indicat-
ing that the conventional bag has a
slightly higher residual drag than the
AESFF bag. When the data from every
cycle were analyzed in the same man-
ner, the differences between the K, and
S. values for the AESFF and conven-
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tional bags were of similar magnitude.
Overall, the AESFF bags yielded K,
values that were 30 percent to 80 per-
cent less than the K, values for the con-
ventional bags. On the average, the re-
duction was 70 percent. The differ-
ences between the residual drag values
(S.) were much smaller, ranging from a
36 percent reduction for new bags to a
10 percent reduction for older, more
“seasoned” bags. Since the overall bag
drag is a function of S, and Ko, the
results in the figures show that the im-
portance of the electric field in an
AESFF bag is largely in the modifica-
tion of the K value, with residual bag
drag a significant (but secondary) fac-
tor.

Considerable effort has been invest-
ed in understanding how AESFF af-
fects pressure drop performance. Lab-
oratory measurements!® have shown
that one of the ways in which AESFF
affects performance is by altering the
dust deposition pattern within the bag.

It appears that a large fraction of the

dust that enters the bag is collected
along the lower half of the bag surface.
" It can be easily shown that a filter with
a non-uniformly deposited dust layer
will have a significantly lower drag
than a filter with a uniform dust layer.
A numerical model of an AESFF fil-
ter! that treats the filter as a porous-
wall electrostatic precipitator accu-
rately predicts this non-uniform distri-
bution pattern and the resultant
reduction in pressure drop. If the dust
layer is unevenly distributed on the bag
surface, then the K, values calculated
from the pilot plant data are actually
“apparent” values, since it was implic-
itly assumed in the analysis that the
dust is evenly distributed on the bags.
It seems clear that AESFF alters the

60

Table I. Detailed costs of conventional and AESFF baghouses for a 500-MW power plant.

Conventional Case 1l Case 2
Capital costs
Gas flow rate (m3/min) 56,630 56,630 56,630
Air-to-cloth ratio (m/min) 0.61 0.98 1.63
Total cloth area (m?) 92,900 58,100 35,100
Number of bags 10610 6631 4004
Collector and supports $9,330,000 $6,120,000 $3,930,000
Ducting and supports $1,260,000 $1,260,000 $1,260,000
Ash removal system $1,140,000 $842,000 $629,000
Insulation $2,600,000 $1,750,000 $1,150,000
ID fan $497,000 $398,000 $442,000
Miscellaneous $6,420,000 $4,570,000 $3,200,000
Total field cost $21,247,000 $14,940,000 $10,611,000
Engineering $4,249,400 $2,988,000 $2,122,200
Contingency $4,249,400 $2,988,000 $2,122,200
Total baghouse cost $29,745,800 $20,916,000 $14,855,400
ESFF hardware $0 $852,083 $514,514
Engineering $0 $170,416 $102,902
Contingency $0 $170,416 $102,902
Installed cost $0 $1,192,915 $720,318
Turnkey cost $29,745,800 $22,108,915 $15,575,718
ESFF % of total 0 5.4 4.6
Operating and maintenance costs
Fixed operating costs $121,000 $121,000 $121,000
Variable operating costs $335,000 $354,000 $287,000
Electrode replacement $0 $170,416 $102,902
AESFF electricity $0 $241,447 $145,779
Cost of electricity $970,000 $889,000 $836,000
Total O&M cost $1,426,000 $1,775,863 $1,492,681
Net present value $42,483,517 $37,971,777 $28,909,062

pattern of dust deposition on the bag
but there may be another aspect of
AESFF performance. Laboratory stud-
ies!® have shown that dust cakes col-
lected in the presence of an electric
field have strikingly different struc-
tures than those collected without an
electric field. Dust cakes collected with
an electric field have dendritic struc-
tures that produce a very porous dust
cake. Since the porous structure and
non-uniform distribution phenomena
are both products of the electric field, it

TURNKEY COST ($10%)
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Figure 8. A comparison of capital costs for equivalent baghouses.
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is impossible to assign a specific degree
of “AESFF enhancement” to one or the
other. However, the evidence suggests
that the non-uniform distribution phe-
nomenon is the dominant factor in re-
ducing the rate of pressure loss in an
AESFF bag.

At first glance, the pilot plant results
suggest that AESFF has only a small
effect on the residual drag (S.) of the
bags. This should not be considered a
firm conclusion since the baghouse was
equipped with new bags at the start of
the test program. In an operating
baghouse, the residual drag increases
with bag age as dust penetrates deeply
into the fabric structure. The AESFF
test program did not last long enough
for the bags to attain the high residual
drag typical of full scale baghouses (i.e.,
the bags behaved as though new
throughout the test program). There-
fore, the pilot program data on S,
should be considered as significant but
incomplete. In pilot studies!® of par-
allel field ESFF, electrostatically en-
hanced bags operated for extended pe-
riods with residual drags that had half
the residual drag of conventional bags
filtering the same dust. It is not clear
how to translate those results to the
case of AESFF; however, it seems rea-
sonable to expect that the residual drag
would be reduced to a greater extent
than shown in the pilot plant results.
For example, for certain dust/fabric
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combinations, an AESFF bag may op-
erate with half the residual drag of con-
ventional filters.

Economics

It is clear from the laboratory and
pilot results that AESFF is technically
feasible. The goal of economic analysis
is to determine whether or not AESFF
is economically feasible.

The discussion of the pilot plant re-
sults focused on the ability of AESFF
bags to operate with a lower pressure
drop than conventional bags. While
there may be instances where an elec-
tric utility is interested in using
AESFF on a retrofit basis to reduce
high operating costs, the real economic
benefit of AESFF will be in the con-
struction of smaller baghouses that op-
erate with pressure drops similar to
those currently found in conventional
baghouses. That is, an AESFF baghouse
would be designed to operate with
tubesheet pressure drops currently
fourid in conventional baghouses: typi-
cally 0.75 to 1.5 kPa (3 to 6 in. Hy0). An
AESFF baghouse, however, would op-
erate at a much higher face velocity
than a conventional baghouse, result-
ing in a much smaller baghouse. The
reduction in baghouse size would be ac-
companied by a reduction in capital
cost for the baghouse; however, the
AESFF design would require electrical
hardware not found in conventional
baghouses. Similarly, if an AESFF and
a conventional baghouse were operated
at the same average pressure drop, one
would expect an AESFF baghouse to
have a higher operating cost due to the
additional cost of electricity to power
the electrodes. A rigorous analysis is
required to sort out these opposing fac-
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tors and determine the economic feasi-
bility of AESFF.

The goal of baghouse design is to
build the smallest baghouse possible
while maintaining acceptable pressure
drop performance. For the purposes of
this analysis, Equation 1 will provide
an adequate description of baghouse
pressure drop performance. For a given
specific dust resistance (Kj) and resid-
ual drag (S,), the cycle average pres-
sure drop at any face velocity can be
calculated by substituting an average
dust load (W) for the instantaneous
dust load [W(t)]. For the coal fly ash
that is produced in electric utilities, a
typical K, value is 1 kPa/[(kg/m?)(m/
min)] {6 in. H,O/[(Ib/ft?) (ft/min)]}.
Typical S, values are on the order of
1.23 kPa/m/min (1.5 in. HoO/ft/min)

and the average amount of dust per
unit area of bag surface (i.e., W) dur-
ing a filtration cycle is on the order of
1.2 kg/m? (0.25 Ib/ft?). At a face veloci-
ty of 0.61 m/min (2 ft/min), Equation 1
predicts an average pressure drop of 1.5
kPa (6 in. H;0) for a conventional
baghouse.

To obtain a reasonable comparison
of conventional and AESFF baghouses,
the size of an AESFF baghouse was de-
termined that will maintain the same
average pressure drop. The data from
the AESFF pilot plant showed that, on
the average, the apparent K, values
were 70 percent less than those of the
conventional bags and that the residual
drags were roughly 10 percent less than
those of the conventional bags. These
results were obtained without any ef-
fort to optimize the design or perfor-
mance of the AESFF bags. Over short
periods, the AESFF bags operated with
apparent K, values that were just 10
percent of the corresponding conven-
tional values. Therefore, it is not un-
reasonable to assume that an AESFF
bag could operate with an apparent K
value that is one-fourth of the K, value
for conventional bags. That is, one
could reasonably design an AESFF
baghouse on the basis of an apparent
K value of 0.25 kPa/[(kg/m?)(m/min)]
{1.5 in. HyO/[(Ib/ft?)(ft/min)]}; howev-
er, the data on residual drag are less
conclusive. Therefore, two cases were
considered in the economic analysis.
Case 1 assumed that AESFF has no
effect on residual drag: the value of S,
was taken as 1,23 kPa/m/min. Case 2
was based on the assumption that
AESFF bags would operate with half
the residual drag of conventional bags
(0.62 kPa/m/min). Given these param-
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Figure 8. Net present values for conventional and AESFF baghouses.
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eters and the average dust load de-
scribed above, Equation 1 can be rear-
ranged to find the face velocity that
would yield the same average pressure
drop as a conventional baghouse (i.e.,
1.5 kPa). For Case 1, the face velocity is
found to be 0.98 m/min (3.2 ft/min).
For Case 2, the face velocity is 1.63 m/
min (5.3 ft/min). (Note that the as-
sumption of the same average dust load
implies more frequent cleaning of the
bags.)

Given the size of a baghouse, a scale
factor method can be used to estimate
the capital cost within 25 percent.
Viner and Ensor!” used this method to
develop empirical equations for the
cost of components of conventional
baghouse systems. However, the scale
factor technique cannot be applied to
novel hardware such as AESFT elec-
trodes and power supplies. Pilot plant
experience provided guidance for the
estimation of electrode cost. Power
supply costs were estimated by com-
paring AESFF power requirements
with those of electrostatic precipita-

tors. The prorated cost of an assembled.

electrode and power supply was esti-
mated to be $128.50 per bag.

On the basis of the estimation meth-

ods outlined above, costs were estimat-
ed for baghouses operating on three
different sizes of electric utility plants:
200, 500, and 1000 MW. Capital (turn-
key) costs, operation and maintenance
costs, and net present value were all
calculated. The results of the capital
cost calculations are shown in Figure 6.
For the AESFF Case 1 baghouses, the
turnkey costs are 25 percent below
those of equivalent conventional
baghouses. For the AESFF Case 2
baghouses, the turnkey costs are 48
percent below those of equivalent con-
ventional baghouses. A detailed break-
down of costs for a 500 MW plant is
shown in Table I. The costs in the table
show that part of the cost reduction
results from the fact that smaller bagh-
ouses require less auxiliary equipment
(e.g., insulation). For both Cases 1 and
2, the cost of AESFF hardware (includ-
ing installation) amounts to approxi-
mately 5 percent of the total turnkey
cost.

The results shown in Figure 6 indi-
cate an estimated savings of $16/kW
for a baghouse designed with specifica-
tions of AESFF Case 1 and $29/kW for
a baghouse designed with specifica-
tions of AESFF Case 2. These estimat-
ed savings are a direct result of the
smaller size of the AESFF baghouses.
Clearly, these estimates show the re-
duced capital costs easily offset the ad-
ditional cost of the AESFF hardware.

Although these results are impres-
sive, they do not provide a complete
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picture of AESFF economics. One
must also consider the cost of operation
and maintenance (O&M), which de-
pends on a number of factors. One ob-
vious difference between a convention-
al baghouse and an AESFF baghouse is
the higher electricity penalty of an
AESFF baghouse. Another factor that
must be taken into consideration is the
cost of replacing broken AESFF elec-
trodes. Experience with wire electrodes

in electrostatic precipitators (ESPs)
indicates that electrodes fail as a result
of electrical, mechanical, and thermal
stresses. According to Oglesby and
Nichols,!® weighted-wire electrodes fail
more often than the rigid electrodes.
The problem with weighted wire elec-
trodes is two-fold. First, the mechani-
cal stress associated with the swinging
of the electrode is similar to cold-work-
ing of the wire, which reduces the me-
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chanical strength. Secondly, a swinging
electrode is more likely to produce elec-
trical arcing, which can produce rapid
erosion of the electrode. Although rig-
idly mounted electrodes are also sub-
ject to the problem of arcing, they are
less susceptible to the problems of me-
chanical failure and arcing due to mo-
tion of the electrode. Based on these
considerations, the AESFF electrodes
are expected to have a relatively long
life. First, they are rigidly mounted,
rather than free hanging, as in the
weighted-wire design. Consequently,
they will be less susceptible to mechan-
ical stresses. Secondly, the resistivity of
the bag/fabric surface is higher than
that of a metallic ESP collector plate
with the result that charge cannot be-
come concentrated rapidly in a small
area. The net result is that arcing is less
likely to occur between a wire and a
fabric bag than between a wire and
plate. In properly designed and erected
precipitators, electrode failures are as
low as one or two per year!8 and con-
ventional wisdom holds that average
electrode life ranges from 5 to 10 years.

Therefore, for the purposes of this
study, it is assumed that the mean elec-
trode life in an AESFF bag will be 5
years. '

Another difference in O&M costs be-
tween conventional and AESFF bags is
in the cost and frequency of bag re-
placement. In the pilot study, an elec-
tric field was established between the
high voltage center electrode and the
relatively conductive layer of ash on
the bag surface. In an electric utility
application the ash layer will not be
nearly as conductive, so the bag must
be made conductive to serve as the
electrical path to the grounded tube-
sheet. Spivey et al.!® reported on a suc-
cessful technique for weaving small di-
ameter wires into bag fabric. Alterna-
tively, it may be possible to identify a
conductive coating that can be applied
to the bag surface. For the purposes of
this study, it was assumed that AESFF
bags would cost 50 percent more than
conventional bags.

Another factor influencing bag-re-
lated operating costs is the frequency
of bag replacement. Chapman and co-

1580

workers?® proposed an empirical for-
mula relating bag life to the average
face velocity through the bag. On the
basis that a reverse-air cleaned bag op-
erating at a face velocity of 0.61 m/min
(2 ft/min) has a lifetime of 4 years, the
life of a bag with a higher face velocity
can be estimated as:

Ly = 4.0 (0.61/V,)°8 (5)

where Ly, is the life of a bag (in years)
whose average face velocity is Vi, (m/
min).

When the various factors affecting
operation and maintenance cost are
taken into consideration, the results
shown in Figure 7 are obtained. The
conventional baghouse is predicted to
have the lowest O&M costs. A baghouse
designed and operated according to the
AESFF Case 1 specifications has the
highest O&M costs because the addi-
tional cost of the items cited above can-
not be offset by the fact that there are
fewer bags to be maintained. A baghouse
designed and operated according to
AESFF Case 2 specifications would
have O&M costs only slightly higher
than those of a conventional baghouse.
That is, at a sufficiently high face ve-
locity, the higher cost of the bags and
higher frequency of bag replacement
are nearly offset by the fact that there
are fewer bags.

The complete picture of estimated
AESFF economics is based on a life
cycle analysis that incorporates both
the capital and O&M costs. One type of
life cycle analysis is based on the net

-present value (NPV). This is the sum of

all present and future costs expressed
in terms of current dollar value (here
taken to be June 1985). Assuming that
the capital cost is a one-time payment
and the O&M costs are recurring annu-
al costs, and assuming an average dis-
count rate of 10 percent over a bagh-
ouse life of 20 years, one can calculate
the cumulative uniform series factor.
The product of the cumulative uniform
series factor and the annual O&M cost
is the lifetime O&M cost in terms of
current dollars. The sum of the capital
cost and the lifetime O&M cost is the
NPV. The results of this calculation
are plotted in Figure 8. Estimated life-
time cost savings range from $1.9 mil-
lion for AESFF Case 1 (at 200 MW) to
as much as $27.2 million for AESFF
Case 2 (at 1,000 MW). For an AESFF
Case 1 baghouse, this amounts to life-
time savings of 10 percent. For AESFF
Case 2, the estimated savings are over
30 percent.

Summary

A pilot plant was constructed to eval-
uate the technical feasibility of
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AESFF. Conventional and electrified
filter bags were operated in a single
compartment, and bag flow monitors
were used to collect data on individual
bag performance. A sophisticated data
collection system permitted unattend-
ed operation of the system for extended
periods. There was never any sparking
at the voltage and current levels tested,
and the bags never suffered any ill ef-
fects as a result of the electric field. The
side-by-side comparison of conven-
tional and AESFF filtration showed
that AESFF has a significant effect on
the rate of pressure loss in a filter bag.
Laboratory observations and model
calculations indicate that the reduc-
tion in pressure loss is largely due to
non-uniform dust deposition wlthm
the bag.

An economic analysis of AESFF
based on pilot plant performance indi-
cates that an AESFF baghouse will
have an estimated lifetime cost that is
at least 10 percent less than the life-
time cost of an equivalent conventional
baghouse. If it is found that electrostat-
ic enhancement improves bag cleaning
characteristics (i.e., lowers residual
drag), then estimated lifetime cost sav-
ings may be as high as 30 percent.

As with any new technology, there is
room for improvement in AESFF. In
addition, there are questions yet to be
answered about the applicability of
AESFF to systems with high-resistiv-
ity dust. Although it is feasible to in-
crease the electrical conductivity of
fabric bags, it is not known how such
systems would perform when a thick
layer of resistive dust is deposited on
the surface. Undoubtedly, the design
will evolve as more is learned about
electrode performance and mainte-
nance requirements. However, both
the promising results obtained in the
laboratory and field work and the very
favorable economic analysis presented
here provide a strong incentive to con-
tinue developing this technology.
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