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ABSTRACT

The results of this study have been reported in three sections:

(1) a listing of oil-fired combustion units including their size,
fuel rate and composition, type and performance of particulate con-
trol equipment, and the methodology used to procure these data;

(2) an assessment of the effectiveness of the particulate control
equipment and the impact of coal-to-oil conversions, sulfur and

ash content, fuel additives, sootblowing, base or peak load opera-
tions on equipment performance; and (3) the technical feasibility"
and cost of installing particulate controls on existing and proposed

oill-fired systems.
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SECTION I

SUMMARY AND CONCLUSIONS

The combustion of residual and distillate oils in stationary boilers
represents an important source of fine particles in the atmosphere.
Utilities and industry are the principal consumers of residual oil for
electric power, heating and steam production whereas commercial and

domestlc heating systems are the main users of distillate oils.

The quantity, type and size of particulate emissions from oil-fired com-

bustion operations are presumed to depend mainly upon the following

factors:
e. Overall fuel consumption rate
® Ash and sulfur content of fuel
] Use of mineral fuel additives
° Combustion efficiency for fuel
] Plant age and operating procedures-archaic to modern
° Use and effectiveness of particulate control devices.

The resultant impact of these combustion operations upon any geographical

.area must be assessed not only in terms of sources strength(s) but

also in terms of climatological and topographical factors that control

the meteorological transport of the particulates.

The first objective of this study was to provide a general listing of
oil-fired combustion facilities within the U.S.A. with respect to the
key parameters defining particulate emission levels. This was accomplished

through analyses of data excerpted from: (1) NEDS files prepared by EPA;




. o ﬁ -

(2) past and present stack sampling programs conducted by GCA/Technology
Division and other private agencies; and (3) stack test data made avail-

able by the Massachusetts Bureau of Air Quality.

A second objective of this study was to determine what degree of control
was now provided by various types of particulate collectors so that an
assessment of the feasibility of installing more and better control
devices might be made. At this time, it appears that the necessity for
controlling particﬁlate emissions from present or future combustion sys-
tems must be judged first upon best estimates of particle toxicity.
Secondary criteria should include how large a reduction in solids emis-
sions can be attained for any one type of oll-fired combustion unit
compared to the total emission potential for all classes of oll-fired
systems. Additionally, the feasibility of regulating emissions from
oil-fired boilers must also be examined on a cost basis relative to the

selection of alternate methods of energy productionm.

CONCLUSTONS

General

1. NEDS data provide a useful information source from which
parameters can be developed to assist in estimating par-
ticulate emissions potential and emission control needs
for large geographical areas.

2. Particulate emission rates based upon actual stack sampling
indicate that use of EPA emission factors for stationary,
oil-fired combustion systems in conjunction with commonly
accepted efficiency values for electrostatic precipitators
(or those suggested by the manufacturer) can lead to erro-
neously low projections for emlssion rates.

3. The general scatter observed in the actual sampling data
used 1n preparing this report indicates that considerably
more than 100 samples are needed to establish precise
estimates of current emissions and the feaslbllity of
their control. -
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Applications/NEDS Data

1.

5.

NEDS sources currently report emission data that, based
upon estimated fuel consumption from independent surveys,
represent about 75 percent of existing stationary oil-

fired, external combustion boiller capacity in the U.S.A.

Boilers are grouped according to three fuel consumption
classes (utility, industrial and commercial), rated
capacity, fuel type and fuel usage. Where multiple
fuel usage (e.g., oil-coal or oil-gas) is indicated,
one can establish emission statlstics only on a yearly
average basls. .

Exclusion of multiple-~fueled bollers from statistical
averaging processes does not appear to bias NEDS data
with respect to number of bollers versus size, boiler
size versus use of control equipment, or boiler size
versus estimated particulate emissions. '

NEDS emission statistics for most boilers are based
upon emission factors established by prior EPA studies
and dust collector efficlency data either provided by
the manufacturer or estimated by the user or polling
group. They may apply only to a single fuel type;
e.g., coal, and to but one method of boiler operation;
e.g., base load. PFew data reported in NEDS files are
based upon current stack sampling carried out in
accordance with compliance procedures. Therefore
NEDS emission statistics are essentially a reflection
of existing emission factors and depict no new data.

Generally, NEDS data permit no evaluations of the
effect of fuel additives, method of boller operation
and the performance potential of particulate control
equipment. The age of a boiler, which may have a
significant impact on the emissions characteristics,
can only be inferred indirectly on the basis of size.

Analyses of Field Measurements

Stack sampling measurements indicate that particulate
emissions per 1000 gallons of fuel fired generally
decrease as boiler size increases. Emission levels
were found to range from 13.1 to 6.9 1b/1000 gal. for
boiler capacities of 1 to 500 Mw. With regard to
boiler size, EPA has proposed an average emission
factor of 8 1b/1000 gal.
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10.

11.

A decrease in emission rate as a function of boiler
capacity was alsc observed for systems using additives.

A decrease in particulate emission rate was noted
for uncontrolled systems as well as controlled systems
when boiler capacity was increased.

A reduced emission rate for large boilers is attributed
mailnly to the fact that boiler larger than 200 Mw in
capacity are usually newer units with more sophisticated
combustion control. '

Electrostatic precipitators are by far the predominant
collector types for control of emissions from oil-fired
units. i -

Those precipitators designed expressly for oil-fired
systems provide better collection than units designed
for coal-fired boilers and not modified for oil-firing.

Inertial collectors of the multicyclone type generally

have little value as control units for oil-fired emis~

sions except to capture gross particulate (> 10 um diameter)
in the acid smut category.

Particulate emissions for oil=fired systems with elec-
trostatic precipitators appear to decrease slowly once

a 300 Mw capacity is reached suggesting that a steady
state discharge may be approached that depends upon:

(1) the intensity and frequency of plate rapping and its
effects upon dust reentrainment; and (2) the intensity,
duration, and general programming of soot blowing
operations.

Collection efficiencies for electrostatic precipitators
will usually increase with inlet dust loading for a

given boiler operation. The reason for this behavior

is that high loadings are usually associated with coarse
particulates produced by: (1) massive soot discharge
resulting from poor combustion; (2) excessive soot

blowing; or, (3) excessive use of coarse mineral additives.

Current field sampling data (exclusive of NEDS sources)
indicate that emission rates for boilers controlled by
electrostatic precipitation average about 3.8 1b/1000 gal
for units > 100 Mw capacity. On this basis the
"affective'" efficiency for the ESP units is roughly

50 percent or less for boilers that are well controlled
from the combustion standpoint.

Limited measurements indicate that use of fuel additives
to regulate ash slagging and cold~end corrosion produced
higher particulate emission.
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12,

13.

Limited data indicate that wet scrubbing systems developed

‘mainly for sulfur oxides removal provide high particulate

collection. Unfortunately, power requirements to achieve
> 90 percent removal and the plume reheating necessary

to provide for vapor plume rise and dissipation may not
be acceptable.

Limited tests indicate that normal variations in fuel

0il sulfur and ash content exert no significant effect

on particulate emission rates. It is recognized, however,
that any real emission variatioms that might have been
attributable to sulfur content could have been observed
by variations in other system operating parameters.
Further tests should be made to determine whether the
components of the mineral ash, particularly catalyzing
elements such as vanadium, may affect emissions rate.
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SECTION II

SURVEY OF OIL-FIRED COMBUSTLION SYSTEMS EMPLOYLNG
PARTICULATE EMISSION CONTROL DEVICES

The contribution of particulate emissions from oil-fired combustion
systems to total atmospheric loadings must be appraised within the con-
text of current fuel consumption policies. In Table 1,1’2 a breakdown
of fuel usage is provided with respect to fuel type (distillate or re=
sidual) and plant operation (Iindustrial or electrical power). In 1971,
electric power gemerating utilities consumed approximately 396 million
barrels of fuel oil.3 This was more than 1.5 times that consumed by
industry for the production of heat and power1 while 1t was considerably
less than the combined domestic and commercial fuel oil consumption for
the same year.4 The terms domestic and commercial as used in this
report refer, respectively, to private residence and public buildings

and/or apartments.

Oil-fired electric utilities employ particﬁlate emission controls far
more frequently than their industrial or commercial counterparts. Use
of particulate control equipment on domestic combustion systems is
virtually unheard of. For this reason, the primary focus of this study

has been upon power generating utilities.

The data presented in Table 2, Appendix A, Appendix B, and in other
sections of this report were obtained from a number of sources. In
this report, the basis for particulate emission analyses was the stack
test data in Table 2 and Appendix B. These are the data that are illus-
trated in various figures throughout the text. The information used to
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Table 2. OIL-FIRED COMBUSTION SYSTEMS WITH PARTICULATIE
EMISSION CONTROL DEVICES (STACK TEST DATA)

Partlculata Perciculaca enissios | Particulaes
Beflar Bollar capacity Sulfur contest | Adh content Furl comnumption | emtssion contral| comtzal sfitcismcy suissiong
Company aame Flant apmp Ro. e {0 o) ML Ives race (gph) dovice (e300 (1n /M Beu)
Company o] Tos mw or [N
A ' » Tea m r [ TY )
w» [ 2 Tan e [ .00
1w LA Tan mre e - el
W [N ] Yoz 79 = [ -
pL-] Yay e usr [ 211
7] Tos w0 sy o.130
n Taa 7% wr .12
L) Taz 870 wr 2.078
3 Toa e e 0.0%
1» Yan 100 0.174
i ] Tes 1100 -y 0,107
1] Tes 100 =nr 0.157
1) Tou 100 =r 0. 160
1 0.8 Tou 00 =nr 0004
is .14 Tas L0 w 0. 142
11} 1.1 Yan pel- -3 nr .19
10 1.00 Yeu 1200 ur 0.0
40 1.0 Tes 1200 r 0. 140
10 Tos 00 r 0.0%
1] Tas 00 e 0.0%%
16 Toa 1o asr 0.1
1] Tos 1100 isr 0. 14
2 L] 1.00 Tan 5000 = 0.021
Comary 3 1 10 1.00 [ feve] Crelons 0,004
[+ 1.00 oo S840 Cyelova 0.05)
Pelareid Corp. Sew Badiord 1 1% 070 e 1% asr A0 0,053
H 2] 0.7 e Mg e E2) .01
Seaton Bdisen Myarte 3 AN 140 Tas 3400 =r b1 ] .11
3 A 1.40 a 34600 =r 57 0.150
3 o 1.40 Tou 3600 oy " 0.003%
2 A 1.49 Lt MO0 nr 3 0.1a8
3 e .3 Tor 3400 =r 0.284
) A .30 Tor 3400 nr 0.154
3 AL .30 [ 1) 3400 (-1} 0.154
[ 146 .15 2.0 Tea 11134 Boyubbgr 9.5 0.083
1] 144 .10 o1 Tes 59 Scrubber .5 0.083
[] 151 1.9 Q.07 Yaa 26l Scrvbar e 0.108
1] 1M .08 .07 Tas el Scrvsbar 45.7 .05y
Bartford Xlectric Light Niddlatows 1 11y 1.9% 0.0% Tea 7800 oy 0.010
i nr LK Q.07 Tae 7800 [ 0.057
T 11 1L 0.07 Tee 7800 wr 0.067
Daited Illumissting Bridgupert 3 [%.3 180 0.00 Toa 26000 or .15
3 L1 L 0.0% Tor 26000 o Q.14
Conselldatad Bilsca Ravanswend a8 00 0.30 0,02 so 3T000 = is 0,017’
Agtoriy L ne 0.3 L 19000 nr 51 0.008
3 s 0.3 o 19000 Lol e 9.012
40 33 (5] Ne 19000 s oS 4.012
30 M 0.y e 13000 e 45 0.012
Comgaxy C s 2.3 Tos EST & Cyclone 4.0 0043
Iy 1.3 Tes ST & Cyclome nw 0,062
L) .3 Tes ESPT & Cyclome 28,0 0,049
M7 1.43 .28 Ted or 0.0 0.01%
M7 1.43 ¢.28 Tan ur 1.3 ©9.072
kL 1.3 .12 [ ] 12580 or 9.0103
b 1.3 - A+ B 22560 or ©0.0113
36 2.3 .12 o 22560 or 0.0348
k) 1.5 [ At} Bo 22560 14 0.0197
M3 1.5 .12 o 22620 ESr 0.0132
3 2.5 .12 o 11620 (-1 0.0097
I o. 1% Tan 21040 Cye Lowa 19.4 0,09
b1 o.18 Yan 23282 Cycloos 7.4 0,085
bl 0.13 Tas 2167 Cyctons n. 0.042
b 2.1¢ Yas 21360 Cyctoos .4 0.0
I 0.3 Tos Cyc loms 0.040
I 0.7 Tau Cyclome 2.046
o Lo 0.1 Tas Cyelooe &.032
m 1.7 0.2 Tap Cyelona 0.080
Cempeay 2 0 [ 5) Ok He bt E-1J 0. 0060
00 9.4 Ol ] Al =r 0. 001
00 0.% O e Al =r 0.0058
L 0.y +Oh e MLls nr 00062

8w ¥ 9.4 MM Btu/hr

bESP - Electrostatic precipitator

cMany of the stack tests did not include upstream particulate measure-
ments, Therefore, control device collection efficiencies could not
be determined.
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formulate Appendix A was obtained from the National Emissions Data
System (NEDS). Since most NEDS data were computed on the basis of emis-
sion factors rather than actual stack measurements, the NEDS information
has been used mainly to furnish system and operating parameters. NEDS
data have not been used in subsequent analyses of emissions. Procedures

used to process NEDS data are described below.

Figure 1 illustrates the manner in which the data from NEDS were handled.
Initially, a tape was received containing information for electric
utility, industrial and commercial boilers firing oil, coal and natural
gas. Due to the nature of the retrieval program used to prepare this
tape, the information was stored by fuel type rather than by source.

This created process complications because the fractions of oil coal, or
gas consumed at multiple fuel use locations were often not clearly iden-
tified, A program was developed to extract the oil-fired system data
from the initial tape for both printout and storage on another tape.
From this second tape, those systems employing emission control equipment
were identified and printed. Since many of the systems on the list of
controlled oil-fired boilers also fired other fuels, it is ﬁecessary to
identify and print a list of these multiple fueled systems. Once iden-
tified, a.manual sorting process was employed to eliminate the multiple
fueled systems from the list of controlled boilers., Further complica-
tions arose when it was realized that some of the boilers which were

thought to be fired solely by oil might also be fueled with wood, ba-
gasse, coke, process gés, 1PG, etc. Due to the fact that these fuels

were not included on the initial NEDS tape received by GCA, these mul-~
tiple fueled sources had to be manually identified by personnel at the
NADB. This permitted a listing of controlled boilers fueled solely by
oil in Appendix A.

‘The data presented in Table 2 include the results of stack tests pro-

vided by the Massachusetts Bureau of Air Quality Control and the results
of emissions compliance tests performed by GCA/Technology Division at

several oil-fired power plants. Several large utilities also provided

11
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results of stack measurements on their systems with the proviso, in

some cases, that their plants not be identified.

Table 3 was developed from the NEDS list of controlled and uncon-
trolled oil-fired external combustion boilers. Only oil-fired elec-
tric utility boilers were considered since, as stated earlier, their
emissions are the primary concern of this study. The hourly heat
input rate was calculated for these boilers by assuming continuous
operation. Since some of these boilers were multiple fueled, only
those using more than 10 percent oil were used to formulate the table.
This procedure was followed in order to avoid including boilers that
use oil only for startup operations. The total annual distillate and
residual fuel oil consumptions for the boilers used to deyelop Table
3 are 12,235,000 bbls and 363,735,000 bbls, respectively. These
figures represent 48.7 and 78.7 percent of the total national distil-
late and residual fuel o0il consumption by electric utilities (Table 1).
In GCA's estimation, the NEDS data presented in Table 3 provides a
representative cross section of oil-fired electric utility boilers.
In Table 4, the total national fuel o0il consumption by electric util-
ities is apportioned using the categorical distribution of fuel oil

consumption presented in Table 3.

In both Tables 3 and 4, the boiler size category of >1000 MM Btu/hr
appears while this size category does not appear in the NEDS. Boilers
in this category are usually relatively new power utility boilers.

Due to technological advances, these new boilers have more sophisti-
cated combustion controls than older boilers that are generally smaller
in size. It is GCA's contention that this additional boiler size cate-
gory will add valuable detail to this study, especially when consider-

ing the formulation of par{iculate emission factors.

13
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Table 4,

ESTIMATED ANNUAL ELECTRIC UTILITY FUEL OIL
CONSUMPTION BY BOILER SIZE FOR THE U.S.

Boiler size

Annual distillate oil

Annual residual oil

categories a consumption consumption
(MM Btu/hr) (1000 gal) (1000 gal)
Controlled boilers
< 10 0 0
10 - 100 0 19,420
100 - 1000 35,901 3,456,828
> 1000 180,562 5,165,821
Uncontrolled boilers
< 10 3,168 0
10 - 100 7,391 271,885
100 - 1000 579,699 4,214,222
> 1000 249,197 6,292,203
29,4 MLBE 3 )y
hr
\
\
!
i
1
g
!
; 15 .




SECTION III1

CONTROL OF PARTICULATE EMISSIONS
FROM OIL - FIRED COMBUSTION SYSTEMS

FUEL AND EMISSION CHARACTERIZATION

Residual oil typically has an ash content of 0.1 percent5 while bitu-
minous coal, which is the most widely used of all coals, may contain
anywhere from 3 to 20 percent ash.6 The particulate emissions result-
ing from efficient coal combustion are composed almost eatirely of
mineral and metallic oxides and a very small percentage of combustible
carbonaceous materials. When residual oil combustion is highly effi-
cient, the resulting particulate emissions are constituted almost
entirely of inorganic ash which occurs as oxides, chlorides or sul-
fates.s’7 A typical residual fuel oil ash analysis appears in Table 5.
Residual oil combustion products, however, are more often found to
contain about 50 percent by weight of sooty organic material. Fre-
quently this material consists of unburned carbonaceous solids which
tend to be sticky and hygroscopic.5 The latter conditicen probably

arises from the presence of calcination products and condensed sulfuric

ac;d.

On a mass basis, the particulate emissions from an uncontrolled residual
cil=-fired boiler are of the same order as those from a highly con-
trolled (> 95 percent removal efficiency) coal-fired boiler. Stack
tests have indicated that between 85 and 90 weight percent of the
particles liberated by uncontrolled residual oil combustion are less

than 1 micron in diameter while usually less than 10 percent of those

16




: Because

liberated by coal combustion are in the < 1 um category.
submicron particles are highly efficient light scatterers, uncontrolled
residual oil-fired boilers often have high plume opacities. The new
source performance standards for oil-fired power plants not only require
that particulate emissions do not exceed 0.10 1b/MM Btu but also that
plume opacity not be gréater than 20 percent.lo This particulate emis-
sion level excludes condensables. It is unlikely that high efficiency
particulate collection equipment will be required for new oil-fired
utility boilers to comply with particulate emission regulations. How-

ever, due to the submicron size of the particles emitted, relatively

-efficient particulate collection equipment may be necessary in order to

improve plume appearance. As well as reducing plume opacity, a high
efficiency collector reduces the chance of aci& smut discharge during
sootblowing operations.l1 Smuts are created by the formation and/or
collection of sulfuric acid upon particle deposits which lie on fur-
nace, duct, and stack liner surfaces.]'2 The sulfuric acld dew point
of a stack gas increases with increasing sulfur trioxide and, to a

. 1
lesser extent, increasing water vapor concentration. 3 Generally

speaking, the higher the sulfur content of a fuel oil, the more 503

is formed, and subsequently, the higher the sulfuric acid dew point.14

Smut buildup can occur on any cool boller surface. Periodically,
patches of agglomerated material become resuspended by vibrations and
aerodynamics and are cgrried up the stack. Oftentimes, duct and stack
linings are insulated in order to keep their temperature above the acid
dew point. Another acld smut reduction technique is to periodically
wash the stack interior. This is usually accomplished by installing a
spray ring at the top of the stack and a drain at the bottom.12 In
addition to being responsible for the formation of acid smut, 503,

upon emerging from a stack, forms a fine azerosol mist .and subsequently

causes increased plume opacity.

17




’

Table 5. TYPICAL RESIDUAL OIL ASH ANALYSIS8
Constituent - Weight %
Iron 22,99
Aluminum 21.90
Vanadium 19.60
Silicon 16.42
Nickel 11.86 -
Magnesium 1.78
Chromium 1.37
Calcium 1.14
Sodium 1.00
Cobalt 0.91
Titanium ' 0.55
Molybdenum 0.23
Lead 0.17
Copper 0.05
Silver 0.03
Total 100.00

4
1

EMISSION FACTORS FOR UNCONTROLLED OIL-FIRED BOILERS

In order to assess the effectiveness of particulate emission control
equipment for residual oil combustion, it is first necessary to estab-
lish the relationship between particulate concentration and beoiler size

for uncontrolled effluents. For reasons mentioned in Section II, this
study focuses on power plant boilers. It is our impression that emis~

sions from industrial boilers are comparable to those from utility
[
boilers of a corresponding capacity. In Figure 2, all particulate emis-

sion data that were compiled for uncontrolled, base loaded residual oil-
firing power plant boilers are presented. Each point represents either
a single or the average of replicate boiler tests. Replicate tests were
averaged to avoid assigning too much ﬁeight to the perforﬁance of any
one boiler. In order to characterize these emission data, a linear re-
gression analysis was carried out. In Figure 2, the envelope lines
about the regression line represent the 50 percent confidence limits.

The regression line may be described by the following equation:
\
¥
i
i

t ’ 18
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y = -szxm6n+omm6 (1)
where y = filterable particulate emissions (1b/MM Btu)
x = boiler operating capacity (Mw). '

The negative slope of the regression line indicates that an inverse
proportionality exists between particulate release and boiler size.

The superior performance of large utility boilers is attributed to more
sophisticated combustion controls and properly functioning system com-
ponents. Thus better regulation of excess air, flame temperatu&e,
atomizing conditions and gas mixing patterns leads to more efficient
combu;tion and lower particulate emissions. Equation (1) can be readily
modified to express emissions in terms of gallons of fuel consumed,

rather than the equivalent Btu rate.

y = - 0.0117 x + 13.1 ‘ (2)

where y = filterable particulate emission factor (1b/1000 gal)
x = boiler operating capacity (Mw).

In Table 6, the emission factors predicted by Equation (2) for various

size utility boilers are contrasted with those reported by other sources.

MM Btu

A fuel input/boiler capacity conversion ratio of 9.4 hr : 1 Mw was

used in the preparation of this t:able.ls’16

The emission factors pre-
sented in Table 6 are plotted in Figure 3 to facilitate visual compari-
son. As shown in Figure 3, the variable emission factor proposed by
GCA is greater than the MRI value when considering boilers of less than
270 Mw capacity and is greater than the EPA emission factor for boilers
smaller than 430 Mw. The variable emission factor proposed here more
accurately depicts the actual performance of uncontrélled residual oil-

firing base loaded utility boilers.

20
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uncontrolled residual oil-fired base loaded utility
boilers
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PARTICULATE EMISSION CONTROL EQUIPMENT PERFORMANCE ON RESIDUAL
OIL-FIRED UTILITY BOILERS

The forthcoming discussion deals mainly with electrostatic precipitators
since there are not as yet sufficient data on wet scrubbers and fabric
filters to establish reliable performance parameters. A few comments
are made with respect to inertial collectors because they still remain

in some systems that were designed initially for cecal combustion,

Inertial Dust Collectors

Centrifugal collectors (cyclones) are not effective in removing particu-
lates smaller than 5 microns in diameter.5 Since it is the particles in
this size range that are the most effectivellight scatterers, a cyclone
will not appreciably reduce the opacity of a plume from a residual oil-
{ired boiler. Though ineffective on fine particles, cyclones may be

effective in reducing emissions of agglomerated acid smut.

Cyclones generally have 1ow.maintenance and operational costs, but for
oil-fired boilers, their limited removal efficiency may not economically
justify the increased pressure loss. It appears that cyclones would not
be effective In the reduction of plume opacities for subsequent compli-

ance with federal regulatioms.

Fabric Filters

Though relatively untried, baghouses have been shown to be effective in
the reduction of particulate emissions from oil-fired boilers. As dem-
onstrated by the tests conducted by Southern California Edison, a bag-
house is capable of virtually eliminating visible emissions from an
oil-fired utility boiler. They reporﬁed a particulate removal effi-
ciency of 88 percent with moderate reductions of sulfur oxides also

noted.18
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Though effective for particulate emission control, baghouses tend to

be troublesome from the standpoint of operation and maintenance. The
two major drawbacks are high pressure drop and bag failure. Baghouses
have a moderately high pressure drop that increases as the filter cake
builds up. This necessitates periodic cleaning in order to remove the
filter cake and thus reduce the pressure drop. Bag failures, which are
by far the worst problem, are oftentimes caused by bag collapse during
cleaning operations. Wire cages, which prevent bags from collapsing
completely, are sometimes employed to prevent this type of failure.
Corrosion of cloth bags due to the acidity of the filter cake is another
cause of bag failure. This problem is especially prevalent when temper-
atures are below the sulfuric acid dew point.19 Alkaline additives

have been employed in an attempt to reduce the hygroscopicity of the
filter cake, giving it better releasing qualities, and to lessen the
acidity of the cake, thereby reducing the rate of cloth bag deteriora-

tion.18 ‘

Scrubbers

The use of scrubbers to remove 502 from boiler stack gases has been an
area of considerable research and debate. Boston Edison has recently
completed a series of scrubber performance tests on Mystic Station
Boiler No. 6. Results of these tests, which were performed on a residual

oil-firing base loaded utility boiler, are presented in Table 7. A con-
MM Btu/hr

Nor was used in the development of this

version factor of 9.4
table.

A magnesium oxide additive was used with the oil in order to reduce
slagging and corrosion of boiler heat transfer surfaces. This explains
the high inlet and outlet particulate loadings. In tests 1, 2, and 4,
some of the stack gas bypassed the scrubber in order not to exceed the
control dedice's design capacity. 1In test 3, however, the scrubber was

receiving t?e system's full flowr.20
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Table 7. BOSTON EDISON SCRUBBER TESTS -
MYSTIC STATION BOILER NO. 6

Test number
Performance factor 1 2 3 4

Sulfur content of fuel (wt %) 2.15 2,10 1.89 2.04
Ash content of fuel (wt %) 0.09 0.10 0.07 0.07
Boiler operating capacity (Mw) 146 .0 144 .0 151.0 148.0 w)¢lj¢%
Inlet particulate loading 0.277 0.171 0.281 0.108°

(1b/AMM Btu) X
Qutlet particulate loading 0.085 0.085 0.106 0.059 /

(1b/MM Btu)
Particulate removal efficiency 69.5 50.5 62.4 45.7

{(wt %)
Sulfur dioxide removal efficiency 92.7 91.4 93.4 89.2

(wt %)

During these tests, a magnesium oxide scrubbing solutiom was used to
remove 802 and 303, respectively, by forming MgSO3 and MgSOa. It

was found that a 4-inch pressure drop was sufficient to satisfactorily
remove sulfur oxides., In order to realize higher particulate emission

reduction, the pressure drop would have to be increased.

Although scrubbers can be used successfully to remove particulate emis-
sions from oil-fired boilers, some potential problems must be faced and
rectified. Since the stack gas is brought into contact with a cooler
liquid medium, the gas temperature is lowered and subsequently its buoy-
ancy is reduced. This restricts upper atmosphere diffusion, thereby
increasing ground level concentration. Moisture from the scrubbing solu-~
tion is picked up by the stack gas and results in a visible water vapor
plume that eventually dissipates. This visible plume, though innocuous,
often causes public concern. It seems that in order to realize efficilent
particulate removal, high pressure drops through the scrubber must be
maintained. This in turn ié responsible for high operational costs.
Finally, proper treatmwent of the scrubber solution presents a very real

ecolegical and economic problem.21
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Electrostatic Precipitators

Electrostatic precipitators are the most commonly used particulate
emission control devices on oil-fired boilers. This can be attributed
partly to the fact that many utility boilers that were at one time
burning coal and abating fly ash emissions with an electrostatic preci-
pitator have since converted to fuel oil and kept their precipitaters
in operation. 1In order for these precipitators to operate efficieﬁtly,

certain modifications must be wmade.

Figure 4 presents the particulate emission reductions that are typ-
ically obtained on oil-fired boilers employing electrostatic precipi-
tators without additives. It is obvious that the particulate emis-
sion values for the 48 Mw unit are quite high, probably due to im-
proper boiler operation. As a result, these points have not been
heavily weighted. The average efficiency of the units shown in Figure
2 is 43.5 percent. This figure is lower than would be expected for
precipitators designed especially for oil since some of the unifs in

the plot were designed for coal firing and were never modified.

In Figure 5 the cumulative particle size distribution of the exit gas
from an electrostatic precipitator is presented. This precipitator
was being used on a 365 Mw oil-fired utility boiler. The count median
diameter was about 0.2 microns and approximately 93 percent of the

particles were less than 1 micron in diameter.

When designing an electrostatic precipitator to control the particulate
emissions from oil-fired boilers, the hygroscopicity,'resistivity and
size distribution of the particulate must be considered. Due to hygro-
scopicity, sdlids build up in hoppers, on high tensioﬁ electrodes, in-
sulators and collecting curtains are a problem. These solids, when
allowed to contact cool surfaces, absorb molsture, becoming difficult
to remove and cause-arcing and shorts. These problems can be remedied

26
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by keeping deposition surfaces hot and preventing the solids from
"setting up." By locating the precipitator on the hot side of the air
preheater, ash buildup on high tension wires and collection curtains
is minimized. Buildup on insulator bushings can be avoided by the use
of hot air ventilation. Solids in hoppers can be kept mobile either

by heating the wall surfaces or using a wet bottom flushout system.

With respect to particulate eﬁissions from oil-fired boilers, stack gas
temperature and sulfur content of the oil affect the resistivity of the
noncombustible portion of these solids; however, the balance of these
solids are composed of highly conductive combustible carbonaceous solids.
As a result of these carbonaceous solids, the reslstivity of the partic-
uvlate matter emitted from oil-fired boilers 1is relatively lower, usually

3,23 In some cases, these sollds

run on the order of 107 to 10 ohm-cm.
are so conductive that they do not retain a charge and subsequently pre-
vent the field from becoming'saturated. Another problem that has been
encountered is that these solids, upon deposition on collecting curtain
surfaces, sometimes lose their charge to the curtain and become reeun-
trained in the gas stream. The extremely fine size of the pérticles
liberated by oil combustion make efficient collection by electrostatic
precipitation difficult. Collection efficlency is improved through the
employment of high voltage, large collection curtaims, lower superficial

gas velocity and high retention times.5’23

Corrosion due to high dew point, reentrainment of collected particulate
matter and fire hazards due to the combustible solids in ash hoppers

are three problems that must also be considered. Reentrainment of par-
ticulate ﬁatter can be abated by optimizing rapping frequency and in-
tensity. Problems assoclated with the hygroscopicity and combustibility
of the collected particulate matter can be eliminated yith a fly ash
injection system that keeps hot gas going through the hopper. The prob-

lem of solids combustion can also be combatted by using steam quenching
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devices that are activated by temperature.5 Corrosion problems can be
eliminated by locating the precipitator on the hot side of the air

preheater and by heating precipitator surfaces.

COAL TO OIL CONVERSIONS

-

As mentioned previously, the particulate emissions from an uncontrolled
oil-fired boiler are comparabie to those of a highly controlled coal-
fired boiler. 1In order for a particulate control device to perform as
well on an oil-fired boiler as on a coal-fired, certain modifications

are usually necessary. Often times, even after modification, perfor-

mance cannot be duplicated.

Table 8 presents some representative particulate emission factors for
large uncontrolled coal-fired boilers that will be used throughout this

discussion. The average values of 10 percent ash and 12,000 Btu/lb

"heating value for bituminous coal were used in the development of this

table. Due to the tangential firing pattern, cyclone pulverized coal
boilers retain a higher percentage of the ash in their furnaces and sub-
sequently have lower particulate emissions. This particulate emission
‘reduction is due to the contact between the molted slag on boiler walls
and the solids entrained in flue gas. These emissions, however, tend to

be composed of smaller particles since it is the larger particles that

settle out in the furnace.

Inertial Collectors

The particulate emission control efficiency of a multicyclone is de-

pendent upon the size and density of the particulates in the gas stream.

On coal-fired cyclone furnaces the efficiency usually ranges from 30
to 40 percent, while on a pulverized unit it ranges from 65 to 75 per-

cent.17 -ihese range differences can be attributed to the fact that

‘;
.
|
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the mean particle diameter of the emissions from a cyclone furnace is

usually lower than that of the emisgions from a pulverized unit.

Table 8. PARTICULATE EMISSION FACTORS FOR UNCONTROLLEDZBITUMINOUS
COAL-FIRED BOILERS GREATER THAN 100 MM Btu/hr

Particulate emissions | Particulate emissions
Boiler type (1b/ton of coal burned) | (1b/MM Btu input)?
General pulverized 16AP 6.66
Cyclone pulverized 2A 0.88

®Based on the average values of 10 percent ash and 12,000 Btu/lb.

b’I‘he letter A represents the ash content of the coal.

When these multi-cyclone efficiencies are superimposed upon the coal
emission factors in Table 8, particulate emission ranges of 1.66 to
2.33 1b/MM Btu for pulverized units and 0.528 to 0.616 1b/MM Btu for
cyclone furnaces are obtained. The efficiency of cyclones on oil-fired
boileré, however, is appreciably lower than on coal-fired boilers since
the particulate emissions from a properly operated oil-fired boiler has

a smaller mean particle diameter. GCA estimates that a maximum effi-

ciency of 40 percent mighE_Pg_gbtgiEgd for small-ocil-fired_boilers and

that this efficiency would decrease as the boiler size_increased.

'Qiéi Though they are not efficient in the reduction of fine particulate

GZ&J emissions, mechanical collectors could help reduce acid smut emissions
since smut is composed of agglomerated solids and is usually large in

! diameter. When converting from coal to oil on a system already employ-

ing a centrifugal collector, the reduction of acidLsmut emissions might

justify keeping the collector in operation if its resistance is less

than a few inches of water.
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If the temperature of the combustion gag is below the SO3 dew polnt,

the hygroscopicity and corrosiveness of the oil ash can cause centri-
fugal collector operational and maintenance problems. Buildup of
cement-like ash on tube and hopper surfaces results in increased pres-
sure drop, as well as corrosion and cleaning problems. These problems
can be satisfactorily eliminated by frequent washing of the collector and
oil ash hopper. Tube surfaces could be kept clean by locating the col-
lector on the hot side of the air preheater. This will usually keep

these surfaces above the SO, dew point. However, the acid smut that is

3
formed and periodically liberated from air preheater surfaces would

not be controlled.

Fabric Filters

Emission tests have been recently performed on two 80 Mw low sulfur
@nthgﬁgigggfoal-fired boilers using fabric filters. Tht;;;—EIIE;;—s:—~~
operated at greater than 99 percent particulate removal efficiency
having a maximum outlet loading of 0.047 1b/MM Btu fired. A pressure
drop of approximately 3.0 inches at H20 was experienced and no major

. 2
maintenance or operational problems were noted. 4

As mentioned in an earlier section of this text, fabric filters whose
performance was enhanced with alkaline additives were used to control
emigsions from a 320 Mw residual oil-firing boiler. These filters
operated at 88 percent particulate removal efficiency and 503 reduc-
tions were also noted. As a result of this reduction of particulate
and 503

line additive was used to neutralize SO3 in the flue gas, reduce the

emissions, plume opacity was virtually eliminated. An alka-
hydroscopicity of the particulates and to improve the cleanability of

the bags. Pressure drops as high as 9.5 inches of HZO and deteriora-

tion of the bags due to the acidic nature of the solids were encountered.
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The results of the two aforementioned test programs as well as those of
other researcher325 indicate that for fabric filters the magnitude of the
average outlet particulate concentration is nearly independent of the
inlet dust concentration. Thus, an order of magnitude rise in the in-
let loading may result in a corresponding rise in collection efficiency

but a negligible change in the mass or size of the discharged particles.

In regard to coal-to-oil comversions, an appreciable change in the par-
ticulate concentration at the outlet of the baghouse would not be ex-
pected. However, due to the hygroscopic nature of the oll ash and the
corrosiveness of acid smut, operational and maintenance problems could
be encountéred. Difficulties with bag cleaning and bag deterioration
due to these troublesome solids can be reduced through the use of an
alkaline additive. Increased pressure drop as a result of this fuel

conversion would result in increased operational costs.
A

Scrubbers

When applied to 170 Mw bituminous coal-fired boilers, scrubbers have
demonstrated the capability of removing an average of 96 percent of
the particulate and subsequently reducing emissions to 0.050 1b/MM
Btu fired.26 A pressure drop of 20 in. H20 was experienced, however.

The results of a recent scrubber test on a 155 Mw residual oil-fired
boiler showed that when operating at g&&f(ﬁéhﬁbrééégge dro;k particu-
late removal efficiencies averaging(;7 percent could be achieved;20
Since this scrubber was installed primarily to remove sulfur oxides,
a high pressure drop was not necessary. If this pressure drop were in-
creased, a corresponding increase in removal efficiency could be ex-

pected.

Electrostatic Precipitators

When applied to cyclone-fired, coal-burning boilers, electrostatic pre-

cipitators have demonstrated particulate collection efficiencies
!

|
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ranging from 65 to 99.5 percent. On general pulverized coal boilers, con-

trol efficiencies are usually between 80 and 99.5 percent.17 When a
[r————y

coal-fired boiler with an electrostatic precipitator is converted to

—_—————— -

oIIHEIEh the precipitator unmodIEIEEPf;erticulate control efficiency
w111 usually fall in the 45 percent range. If the precipitator is
modlfled hqgeggr'-ccec;ol eff1c1enc1es approaching 90 percent can be
realized.5 The following discussion deals with the problems and some
rectifying modifications that should be considered when converting

from coal to oil-firing onm precipitator controlled boilers.

Compared to coal fly ash, the solids emitted by fuel o0il combustion

are more hygroscopic, have a high combustible content and have a lower

resistivity. The lower resistivity of the particulate matter from oil
firing is due to the highly conductive nature of the carbonaceous por-
tion of these solids. Compared to the effect of these conductive car-
bonacecus solids, sulfur content of the oil and stack gas temperature
have an insignificant effect on the resistivity of these solids.

o0l
The solids liberated by ¢oal combustion are much smaller than those
from coal combustion. As a result, collection efficiency usually drops
considerably upon conversion from coal to oil. This efficiency can be
improved by enlarging collection curtains, employing higher voltages,

lowering superficial gas velocity and increasing retention time.5

The hygroscopicity of the particulate matter causes a solids buildup
on high tension electrodes, insulators, and collection curtains. When
allowed to cool, these solids absorb moisture, become difficult to re-
move and cause arcing and shorts. By locating the precipitater on the
hot side of the air preheater, solids build up on high tension wires
and collection curtains are minimized. Buildup on insulator bushings
can be prevented by using hot air ventilation. Hopper plugging can be
avoided by either heating the hopper or employing a wet bottom system.

Fly ash reinjection is also an alternative solution.5
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The high combustible content of the particulates resulting from oil
firing presents a potential fire hazard in collection hoppers. This
problem can be remedied by using steam quenching devices that are acti-
vated by temperature sensors or by using fly ash reinjection. Corro-
sion problems associated with high sulfuric acid dew point temperatures
can be reduced by locating the precipitator upstream of the air pre-
heater. Reentrainment of collected particulate matter can be reduced
by optimizing rapping intensity and frequency as well as employing a
low superficial gas velocity.5

EFFECTS OF SULFUR AND ASH CONTENT OF FUEL CIL ON PLUME OPACITY,
PARTICULATE EMISSIONS, AND CONTROL EQUIPMENT PERFORMANCE

Stack sampling data from power plant boilers operating at a capacity
greater than or equal to 70 Mw were used to establish relationships
between particulate emission rates and fuel ash content as well as
between particulate emission rate and fuel sulfur. This boiler size
raﬁge.was chosen in order to limit the variability of the data due to
improper operation or differences in operating methods. Test data
from boilers using additives were not included because they represented

a different test population.

A graphing of particulate emissions versus fuel sul fur content,
%ﬁigure 6, shows too broad a point scatter to propese any relationship.
It has been postulated'that increased sulfur can lead to lncressed SO3
adsorption, and hence a greater mass accumulation, on sampling filters.
The net result would appear as an increased solids emission rate.
Figure 7 illnﬁgggggﬁ_go positive correlation_between-fuel.ash_content
/’ and particulate emissiéﬁg;nghis is due to the fact that generally the
majority of the particulate matter emitted from oil-fired boilers is

composed of combustible organic material rather than mineral ash.

Sulfates (measured as 504) have been noted to constitute approximately

35 percent of the filterable solids generated by the combustion of high
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sulfur (> 2.5 percent) residual oil in large utility boilers using

22,27

magnesium oxide fuel additives. As a result of using this addi-

tive, most of the sulfate was present as MgSO4 with a small fraction
occurring as H2804 (sulfuric acid). If no additive were used, the
total sulfate catch would probably decrease due to SO3 penetrating the
filter and the sulfate that was captured would probably occur as sul-

furic acid.

Since the increase in filterable particulate emissions as the sulfur
content of an 0il increases is partly due to the formation of sulfates,
some sulfur trioxide and sulfate removal will be realized when particu-

late control equipment is used. This has been demonstrated during

the use of fabric filters on an oil-fired boiler.18 One might make a
general statement that the removal of sulfur trioxide and sulfates

emitted from oil-fired systems is roughly proportional to the removal of
particulates from the flue gas. If a piece of control equipment is located
on the cold end of the air preheater, this removal will be further en-

hanced through the reduction of acid smut emissions.

In addition to contributing to mineral sulfate formation, sulfur tri-
oxlde forms sulfuric acid mist which is partially responsible for plume
opacity. Table 9 presents the results of some plume opacity tests con-
ducted on a 370 Mw boiler using additives and an inertial collector.22 It
can be readily seen that as the sulfur content of the fuel increases, par-
ticulate emissions, sulfur trioxide concentration and plume opacity

also increase. The increase in plume opacity can be attributed to

the increase in emissions of both particulate and sulfuric acid mist.

Reports that mechanical collectors do not noticeably reduce plume
opacity are entirely comsistent with the inability of these devices
to efficiently remove the submicron sized particles that cause plume
opacity.22 Both electrostatic precipitators22 and fabric filtérs18

have been shown capable of virtually eliminating the plume opacity
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‘resulting from residual oil combustion. If the gas temperature is

allowed to fall below the dew point, high sulfur oil can cause damage
to baghouse structures and filter media. On the other hand, as the
sulfur content of an oil increases, the conductivity of the particu-
late emissions increases, thus improving electrostatic precipitator
performance.28 Based upon their potential for removing both particu-
lates and sulfur oxides, scrubbers seem capable of satisfactorily
reducing plume opacity. The vaporization of-scrubber water and cool-
ing of stack gas, however, creates a low level vapor billow of reduced
bucyancy thaf can generate public complaints despite the fact that it

will eventually dissipate.21

Table 9. AVERAGED RESULTS OF PLUME OPACITY TESTS CONDUCTED ON A
370 Mw BASE LOADED RESIDUAL OIL-FIRING POWER PLANT
BOILER USING MgO ADDITIVES AND A MECHANICAL COLLECTOR

Sulfur content :
of fuel oil 802 . Particulate 505 Plume
fired emissions emlssions concentration | opacity
(% wt) (1b/MM Btu) | (1b/MM Btu) {ppm) (%)
0.48 0.452 0.048 " 3.09 2.5
0.70 " 0.642 0.046 4.83 3.3
1.05 0.848 0.052 5.92 7.1
2.70 2.577 " 0.080 14.90 36.9

ADDITIVES AND THEIR IMPACT ON PARTICULATE EMISSION
CONTROL EQUIPMENT PERFORMANCE

The fouling and corrosion of high temperature waterwall, superheater
and reheater surfaces along with low temperature gas passes and air
heaters is a common problem when firing residual oil. Magnesium and
calcium additives are commonly used to improve boiler heat transfer
characteristics and redﬁce corrosion problems. Heat transfer is im-
proved by the conversion of low melting point ash components which

adhere tolheat exchanger surfaces into high melting point, powdery
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30 Low temperature

compounds that can be easily removed by sootblowing.
corrosion is caused by SO3 reacting with water in the vapor phase to
form sulfuric acid mist which condenses on boiler surfaces whose tem-
peratures are below the dew point. Additives reduce this corrosion by
coupling with sulfur-trioxide to form sulfates.29 Concurrently, reduc-
tion of the sulfur trioxide concentration also reduces the sulfuric
acid dew point of the flue gas such that less H2504 will condense on

heat transfer surfaces.30

' //wﬁy virtue of the fact that they are ash-forming substances, fuel addi-
tives increase the particulate emissions from oil-fired boilers. 1In
order to estiﬁate the contribution of fuel additives to total particulate

- emissions, the following simplifying assumptions have been made: (1)

! 150,000 Btu/gal oil, 8 1b/gal oil, 0.1 percent ash in oil, 200 ppm

i Vanadium in o0il, (2) magnesium oxide additive dosing rate of 1.5 pounds
of magnesium per pound of vanadium, (3) upon combustion, the additive

is completely converted to magnesium sulfate, (4) half of the solids

liberated via combustion (including MgSOA) become particulate emissions
while the remaining half are retained in the boiler, and (5) excluding

the contribution made by the MgSOa, equal masses of combustible solids
( and ash solids are liberated via combustion. Based upon these simplifying
‘ assumptions we find that particulate emissions increased from 0.053
1b/MM Btu to 0.094 1b/MM Btu due to the use of a magnesium oxide additive
and that this additive was responsible for 43.6 percent of the total

particulate emissions.

If one assumes that the efficiencies of the electrostatic precipita-
‘tors used to control particulate emissions from oil-fired systems are
essentially constant, the higher effluent concentrations (roughly
twice as large) shown in Figure 8 for systems using additives are
readily explained., The data in Figure 8 further suggests that the use
of an alkaline additive does not alter significantly either the resis-

tivity or the size properties of the precipitated dust.
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PARTIGULATE EMISSTONS FROM OIL-FIRED BOILERS DURING
SOOTBLOWING OPERATIONS

Sootblowing in boilers is usually accomplished via one of the following
two techniques: (1) sequential cleaning of intermnal surfaces starting
first at the hot end of the boiler and gradually working toward the

cold end, or (2) simultanmeous cleaning of all heat transfer surfaces.
Large utility boilers usually employ the first technique om a continuous
basis. When the cold end of the boiler is being cleaned, particulate
emisslons are heaviest due to the entrainment of coarse accumulated

solids from air preheater surfaces.

The second sootblowing technique is employed mainly by industrial
and small utility boilers. In these cases, sootblowing consists of
brief intermittent cleanings typically occurring once every 8 hours
for periods of 10 minutes or less. During these short sootblowing
periods, particulate emissions have been reported to be as much as

i X 31
40 times greater than those for non-cleaning intervals.

During scotblowing cperations, particle size and gas stream loadings

are greater than during normal operation due to the dislodgement of
agglomerated solids from Internal boiler surfaces. Since these par-
ticles are considerably larger in diameter than those emitted during
normal operation, the use of simple inertial control devices will collect
a large fraction of these emissions on a mass basis. If particulate
control equipment is not employed, a visible plume will always result

during sootblowing operations.

EFFECTS OF PEAKING OPERATIONS ON THE CONTROL OF PARTICULATE EMISSIONS
FROM RESIDUAL OILL-FIRED BOILERS

Variations‘in consumer power demands are often handled by peaking boilers
which typically operate between 60 and 100 percent of their design capac-

ity. Table 10 presents the results of load variance tests performed on
s. .

i
L
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250 and 600 Mw peaking utility boilers employing fuel additives and
controlled by electrostatic precipitators. The precipitator used with -
the 250 Mw boiler was originally designed for coal firing but had been
modified for oil firing. The absolute amount of particulates dis-
charged from the 250 Mw system increased with load level except that
the emission at 44 percent load was greater than at full load (possibly

due to poorly regulated combustion).

Table 10. PARTICULATE EMISSIONS FROM PEAK LOADED RESIDUAL OIL-
FIRING UTILITY BOILERS

Particulate Excess air at point
Load (%) emissions {1b/MM Btu) of sampling (%)

250 Mw design capacity using additives and Esp32;a

44 0.0473 38.3
52 0.0118 27.3
64 0.0141 20.8
84 0.0178 15.5
100 0,0197 15.8
600 Mw design capacity using additives and ESpLO,D
60 0.0029 111.4
70 0.0056 120.9
80 0.0065 10.7
90 0.0071 18.7
100 0.0054 4,2

aOriginally designed for coal but later modified for oil.

Designed for coal and left unmodified.
The precipitator used with the 600 Mw system was designed for coal

firing and had been left unmodified. The 600 Mw system appeared to

discharge the same total amount of solids over the load level range
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70 to 100 percent. The very low emission at 60 percent load is not
readily explained. Generally, inspection of Table 10 indicates that

the larger boiler produces a proportionately cleaner effluent. Actu-
ally, it would appear that the 600 Mw system discharges less particulate
on an absolute basis than the 250 Mw boiler.

Gas turbines used in conjunction with base loaded boilers are also used
to handle variations in power demand. Depending on the ﬁower demand,
these turbines operate at one of the following output levels: (1) spin-
ning reserve, (2) base loaded, and (3) peak loaded. The data analyzed
by GCA indicates that the particulate emissions from gas turbines burn-
ing distillate oil decrease as turbine loading increases. This can

generally be attributed to more efficient fuel combustion.

In Figure 9, particulate emissions from gas turbines have been charac-
terized individually since each turbine exhibi;ed unique emission charac-
teriétics. Since.distillate 0il is inherently low in ash and sulfur,
gas tufbine particulate emissions are relatively low and are composed
mainly of combustible solids. Because gas turbines usually burn dis-

tillate oll, emission control equipment is almost never required.
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SECTION IV

COST AND EFFECTIVENESS OF PARTICULATE EMISSION
CONTROLS ON OIL-FIRED BOTILER

The forthcoming discussion centers upon electrostatic precipitators since
they are the most common of all devices used on oil-fired boilers. Fig-
ure 10 characterizes the emissions from controlled and uncontrolled oil-
fired boilers based upon the empirical data that were collected during
this study. The boilers used to construct this figure were not utilizing
additives. These data indicate that the effluent quality improves as

the boiler size increases irrespective of whether particulate confrol
apparatus is used, présumably due to better combustion as a result of

more sophisticated combustion controls.

On the basis of continuous operation, annual particulate emissions versus
boiler capacity are plotted in Figure 11 for controlled and uncontrolled
systems, As for Figure 10, additives were not employed by these boilers.
The annual particulate emission reduction achieved by the employment of
control equipment is illustrated in Figure 12.

Based upon an analysis of stack test data, Figure 13 indicates the aver-
age stack gas flow rates that can be expected from oil-fired utility
boilers. GCA has elected to represent this curve by the following two

linear equations:

when P € 200

Q = 2300P ' 3)
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ANNUAL PARTICULATE EMISSIONS, MM Ib/yr
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Figure 11.
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Annual particulate emissions from controlled and
uncontrolled residual oil-firing boilers
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ANNUAL PARTICULATE EMISSION REDUCTION , MM Ib/yr
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Figure 12. Annual particulate emission reduction for
controlled residual oil-firing boilers
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Figure 13. Stack gas flow rate vs. operating capacity for

oil-fired utility boilers
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when P > 200
Q = 1412.5 P + 177,500 (4)
where Q = flue gas flow rate (SCFM)
P = boiler capacity (Mw).

Based upon the stack gas flow rates from Figure 13 and recent cost

data,s’34

Figure 14 presents the erected costs for both new and modi-
fied electrostatic precipitators as a function of boiler size. Total
erected cost is the fixed capital investment necessary to either build
a new electrostatic precipitator or to modify an existing installation.
This investment is composed of both direct costs (materials, including
duct work) and indirect costs (construction and installation labor and

engineering services). The cost data to determine erected costs was

obtained from engineering design cost estimates provided by the Research

Cottrell Company. In generating these cost estimates, the following

ESP parameters were used:
1,000,000 ACFM
0.5 % Sulfur

300° F Stack gas temperature.

It was found that for systems with stack gas flow rates in excess of
250,000 ACFM the erected costs were $6.70/ACFM for ESP's designed
specifically for oil and $2.35/ACFM for coal-to-oil conversion. Oper-
ating costs for electrostatic precipitators are about $0.03 per year
per ACFM and maintenance costs range from $0.02 to $0.03 per year

per ACFM.5
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Legend to Table 11.

EQUIPMENT IDENTIFICATION CODES FOR
PRIMARY AND SECONDARY CONTROL EQUIPMENT

Identification Number

Control Device/Method®

000
001
002
003
004
005
006

007
008
009

01
' 011
012
013
014
015
016
017
018
019
020
021
022
023
030

039
040
041
042
043
044
045
. 046
047

048
049
050
051
052
053

No equipment

Wet scrubber - high efficiency

Wet scrubber - medium efficiency

Wet scrubber - low efficiency

Gravity collector - high efficiency

Gravity collector - medium efficiency
Gravity collector - low efficiency
Centrifugal collector - high efficiency
Centrifugal collector - medium efficiency
Centrifugal collector - low efficiency
Electrostatic precipitator - high efficiency
Electrostatic precipitator - medium efficiency
Electrostatic precipitator - low efficiency
Gas scrubber (general, not classified)

Mist eliminator - high velocity

Mist eliminator - low velocity

Fabric filter - high temperature

Fabric filter - medium temperature

Fabric filter - low temperature

Catalytic afterburner

Catalytic afterburner with heat exchanger
Direct flame afterburner

Direct flame afterburner with heat exchanger
Flaring

Discontinued; previously meant that no fuel was
used with a sulfur content over that specified
on the coding sheet

Catalytic oxidation - flue gas desulfurizaticon
Alkalized alumina

Dry limestone injection

Wet limestone injection )
Sulfuric acid plant - contact process
Sulfuric acid plant - double contact process
Sulfur plant

Process change

Vapor recovery system (including condensers,
hooding, and other enclosures)

Activated carbon adsorption

Liquid filtration system

Packed-gas absorption column

Tray-type gas absorption column

Spray tower (gaseous control only)

Venturi scrubber (gaseous control only)

g fficiency: High (95-991), medium (80-93), low (80).
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State Number
Alabama 01
Alaska 02
Arizona 03
Arkansas 04
California 05
Colorado 06
Connecticut 07
Delaware 038
District of Columbia 09
Florida 10
Georgia 11
Hawaii 12
Idaho 13
Illinois 14
Indiana 15
Iowa 16
Kansas 17
Kentucky 18
Louisiana 19
Maine 20
Maryland 21
Massachusetts 22
Michigan 23
Minnesota 24
Mississippi 25
Missouri 26
Montana 27
65

Legend to Table 11.

STATE IDENTIFICATION NUMBER

State

Nebraska
Nevada

New Hampshire
New Jersey
New Mexico

New York

North Carolina
North Dakota
Chio

Oklahoma
Oregon
Pennsylvania
Puerto Rico
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
American Samoa
Guam

Virgin Islands

Number

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55




Legend to Table 11.

EMISSION ESTIMATION METHODS

Not applicable (if emissions are negligible)
Stack-test results or other emission measurements

Material balance using engineering knowledge and past

Emissions calculated using EPA emission factors

Alternative emission factor (other than EPA)

Code Description of Method
0
1
2 .
experilience
3
4 Guess
5
6 New installation
7 Out of business
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