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1.0 INTRODUCTION 

This report provides an overview of the regulatory baseline, technical 
basis, and alternative control levels available for developing new source 
performance standards (NSPS) limiting particulate matter (PM) emissions from 
small steam generating units (i,e., boilers). Small boilers are defined as 
industrial-commercial-institutional steam generating units having heat input 
capacities of 29 MW (100 million Btu/hour) or l ess .  

evaluating alternative PM emission standards for small boilers. Detailed 
discussions of the design and operating principles of these techniques can 
be found in the report entitled "Small Steam Generating Unit Characteristics 
and Emission Control Techniques,"' and References 2 and 3. 

technical feasibility of controlling those emissions from boilers with heat 
input capacities of 29 MW (100 million Btu/hour) ;nd l ess .  
PM emissions from the combustion of natural gas in small steam generating 
units are very low. Uncontrolled PM emission levels of less than 9 ng/J 
(0.02 lb/million Btu) heat input are typical of natural gas-fired steam 
generating units. Because of these low uncontrolled PM emission levels, the 
application of any type of PM control technology to small natural gas-fired 
steam generating units would result in unreasonable costs for little or no 
air quality benefit. Consequently, no further consideration was given to 
the development of standards to limit PM emissions from natural gas-fired 
units. 

Many PM control techniques were considered for the purpose of 

This report discusses the quantity of PM emissions generated and the 

The uncontrolled 
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2.0 SUMMARY 

Par t i cu la te  matter emissions from o i l  combustion may be correlated w i th  
o i l  su l f u r  content. Such cor re la t ions  ind ica te  t h a t  reductions i n  PM 
emissions are a secondary benef i t  associated w i th  reducing emissions o f  SO2 
through the combustion o f  low s u l f u r  o i l s .  Unl ike o i l ,  PM emissions from 
coal cannot be corre la ted t o  fue l  s u l f u r  content. As a resu l t ,  l i m i t i n g  SO2 
emissions from coal combustion through the  use o f  low sulfur coal has no 
e f fec t  on PM emissions. The use o f  f l u e  gas desu l fu r iza t ion  (FGD) systems 
t o  l i m i t  SO2 emissions from o i l  and coal combustors, however, also resu l t s  
i n  reduced PM emissions. 

Consequently, a l t e rna t i ve  cont ro l  l e v e l s  f o r  standards l i m i t i n g  
SO2 emissions f r o m  o i l  and coal combustion can r e s u l t  i n  reductions i n  
PM emissions. I n  focusing on a l te rna t i ve  cont ro l  l e v e l s  f o r  standards 
l i m i t i n g  PM emissions from o i l  and coal combustion, therefore, any reduction 
i n  PM emissions associated w i th  a l t e rna t i ve  contro l  l eve l s  f o r  standards 
l i m i t i n g  SO2 emissions should be taken i n t o  account. Thus, a l te rna t ive  
control  l eve l s  f o r  standards l i m i t i n g  PM emissions from o i l  and coal 
combustion are considered i n  r e l a t i o n  t o  a l t e rna t i ve  contro l  leve ls  f o r  
standards 1 i m i t i n g  SO2 emissions. 

Wood, un l i ke  o i l  and coal, contains l i t t l e  o r  no su l fu r .  I n  addi t ion,  
few, i f  any, mixed f u e l - f i r e d  (i.e., coal/wood o r  oil/wood) bo i l e rs  are 
expected f o r  t h i s  source category. As a resu l t ,  there i s  no need t o  
consider l eve l s  selected f o r  SO2 standards i n  considering a l te rna t ive  
control  l eve l s  f o r  standards l i m i t i n g  PM emissions from small wood-fired 
boi 1 ers. 

emissions from small o i l -  and c o a l - f i r e d  bo i l e rs  are presented i n  Table 2-1. 
The a l te rna t ive  control  leve ls  selected i n  t h i s  study f o r  standards l i m i t i n g  
PM emissions from small o i l - ,  coal-,  and wood-fired bo i l e rs  are presented i n  
Table 2-2. 

The a l te rna t ive  control  leve ls  considered f o r  standards 1 im i t i ng  SO2 
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TABLE 2-1. SO2 ALTERNATIVE CONTROL LEVELS FOR SMALL OIL- AND 
COAL-FIRED BOILERS 

SO2 Emission Standard Basis 

Oi 1 -Fired Boilers 

Regulatory basel ine 

Alternative Control Level 1 

Alternative Control Level 2 

Alternative Control Level 3 

Coal-Fired Boi 1 erS 

Regulatory basel ine 

Alternative Control Level 1 

A1 ternative Control Level 2 

1,290 ng/J High sulfur oil 
(3.0 lb/million Btu) 

690 ng/J Medium sulfur oil 
(1.60 lb/million Btu) 

210 ng/J 
(0.50 lb/million Btu) 

90% SO2 reduction FGD 

Very low sulfur oil 

1,550 ng/J Medium sulfur coala 
(3.6 lb/million Btu) 

b 520 ng/J Low sulfur coal 
(1.2 lb/million Btu) 

90% SO2 reduction FGD or F B C ~  

Type F - bituminous a 

bType B - bituminous 
‘FGD - Flue Gas Desulfurization 
FBC = Fluidized Bed Combustion 

SOURCE: Reference 4. 
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TABLE 2-2. PM ALTERNATIVE CONTROL LEVELS FOR SMALL OIL-, COAL-, AND 
WOOD- FIRED BO1 LERS 

~~ 

PM Emission Standard Basi sa 

Oi 1 -Fired Boi 1 ers 

Regulatory Basel ine 95 ng/J (0.22 lb/million Btu) HSO 

Alternative Control Level A 73 ng/J (0.17 lb/million Btu) MSO 

A1 ternative Control Level B 43 ng/J (0.10 lb/million Btu) WS or VLSO 

Alternative Control Level C 22 ng/J (0.05 lb/million Btu) ESP 

Coal-Fired Boilers 

Regulatory Basel i ne 

< 8.7 MW (30 million Btu/hour) 190 ng/J.(0.45 lb/million Btu) SMC - > 8.7 MW (30 million Btu/hour) 260 ng/J (0.60 lb/million Btu) SMC 

Alternative Control Level A 130 ng/J (0.30 lb/million Btu) DMC 

Alternative Control Level B 86 ng/J (0.20 lb/million Btu) SSS 

Alternative Control Level C 43 ng/J (0.10 lb/million Btu) SMCtWS 

Alternative Control Level 0 22 ng/J (0.05 lb/million Btu) FF or SMCtESP 

4 



TABLE 2-2. PM ALTERNATIVE CONTROL LEVELS FOR SMALL OIL-, COAL-, 
AND WOOD-FIRED BOILERS (continued) 

PM Emission Standard Basisa 

Wood- F i  red Boilers 

Regulatory Base1 ine 

< 8.7 MW (30 million Btu/hour) 190.ng/J (0.45 lb/million Btu) SMC 
- > 8.7 MW (30 million Btu/hour) 260 ng/J (0.60 lb/million Btu) SMC 

Alternative Control Level A 130 ng/J (0.30 lb/million Btu) DMC 

Alternative Control Level B 86 ng/J (0.20 lb/million Btu) SMC + WS 
(low 
pressure 
drop) 

SMC + WS 
(medium 
pressure 
drop) 

Alternative Control Level C 43 ng/J (0.10 lb/million Btu) SMC + ESP or 

a SMC = Single Mechanical Collector 
DMC - Double Mechanical Collector 
SSS = Sidestream Separator 

ESP = Electrostatic PreciDitator 
FF = Fabric Filter 

WS = Wet Flue Gas Desulfurization System (or Wet Scrubber) 
HSO - High Sulfur Oil 
MSO = Medium Sulfur Oil 
VLSO = Very Low Sulfur Oil 



3.0 O I L  PM EMISSIONS AND CONTROL TECHNIQUES 

'.. 

Particulate matter emissions from oil combustion may be correlated with 
oil sulfur ~ o n t e n t . ~  Such correlations indicate that reductions in PM 
emissions are a secondary benefit associated with reducing emissions of SO2 
through the combustion of low sulfur oils. 
also reduced if FGD systems are used to reduce SO2 emissions from oil 
combustion.6 As a result, standards limiting SO2 emissions from oil 
combustion, either through combustion of low sulfur oils or the use of FGO 

systems, result in reductions in PM emissions. 
In considering alternative control levels for standards to limit PM 

emissions from oil combustion, the reductions in PM emissions associated 
with alternative control levels for standards limiting SO2 emissions from 
oil combustion should be taken into account. In focusing on alternative 
control levels for PM standards, therefore, this report considers these 
alternatives in relation to alternative control Yevels selected for SO2 

standards. 
The emission control techniques considered for limiting PM emissions 

from small oil-fired boilers were medium and very low sulfur/low ash oils, 
wet FGD systems or wet scrubbers, and ESP's. Fabric filters were not 
considered because of the sticky nature of fly ash from oil combustion. 
Mechanical collectors were not evaluated for oil-fired boiler applications 
because they are considered ineffective in collecting the small particle 
size of PM from oil firing. 

Particulate matter emissions are 

3.1 REGULATORY BASELINE EMISSION LEVEL 

The regulatory baseline emission level is defined as the emission 
level that new small boilers would be required to meet under existing St te 
implementation plans (SIP). The nat'ional average SIP PM emission limits for 
small oil-fired boilers range from 130 to 190 ng/J (0.30 to 0.45 lb/million 
Etu), depending on boiler size.' These emission limits can generally be met 
when firing high sulfur oil with no add-on controls. 

6 
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~~ 

This i s  consistent w i t h  the regu la to ry  basel ine selected f o r  assessing 
a l t e r n a t i v e  contro l  l e v e l s  f o r  standards l i m i t i n g  SO2 emissions f r o m  s m a l l  
o i l - f i r e d  bo i l e rs .  As discussed i n  Overview o f  the  Regulatory Baseline, 
Technical Basis, and A l te rna t i ve  Control Levels f o r  Su l fu r  Dioxide (SO2) 
Emission Standards f o r  Small Steam Generating Units, the  regu la to ry  basel ine 
selected f o r  small o i l - f i r e d  b o i l e r s  corresponds t o  the  f i r i n g  o f  h igh 
su l fur  o i l  [w i th  a s u l f u r  content o f  1,290 ng S02/J (3.0 l b  S02/mi l l ion 

Btu)]. 

used t o  es tab l i sh  the co r re la t i on  between fue l  o i l  s u l f u r  content and 
emissions o f  PM from o i l  combustion presented i n  the manual, Compilation o f  
A i r  Po l lu tan t  Emission Factors (AP-42). ind ica tes  t h a t  fue l  o i l s  having a 
s u l f u r  content o f  1,290 ng S02/J (3.0 l b  S02/mi l l ion Btu) would be expected 
t o  produce PM emissions a t  a r a t e  o f  about 95 ng PM/J (0.22 l b  PM/million 
Btu).’ Consequently, 95 ng PM/J (0.22 l b  PM/mill ion Btu) i s  selected as the 
regulatory  basel ine f o r  small o i l - f i r e d  bo i l e rs .  

8 

A review o f  the  data from over 100 s team generating u n i t s  t h a t  were 

3.2 MEDIUM AND VERY LOW SULFUR/LOW ASH OIL 

As discussed i n  Reference 4, the use o f  medium and very low s u l f u r  o i l  

serves as the basis f o r  A l te rna t ive  Control Levels 1 and 2 f o r  standards 
l i m i t i n g  SO2 emissions from small o i l - f i r e d  bo i le rs ,  respect ive ly .  
A l te rna t i ve  Control Level 1 is 690 ng S02/J (1.60 l b  S02/mi l l ion Btu) based 
on the  f i r i n g  o f  medium s u l f u r  o i l .  
S02/J (0.50 l b  SO2/mi1lion Btu) based on the  f i r i n g  o f  very low s u l f u r  oil. 

Emission t e s t  data were co l lec ted  using Reference Method 5 from 18 
steam generating u n i t s  with heat inpu t  capac i t ies  ranging from 28 t o  400 MW 
(94 t o  1,360 m i l l i o n  Btu/hour).” When combusting fue l  o i l s  w i th  a s u l f u r  
content o f  690 ng S02/J (1.60 l b  S02/mi l l ion Btu) o r  less,  the PM emissions 
were less than 73 ng/J (0.17 l b / m i l l i o n  Btu) heat input .  
on the  data f r o m  AP-42 discussed above, combustion o f  o i l  w i t h  a s u l f u r  
content o f  690 ng S02/J (1.60 l b  S02/mi l l ion Btu) o r  l ess  w i l l  produce PM 
emissions o f  56 ng/J (0.13 l b / m i l l i o n  Btu) o r  less. 

A l te rna t i ve  Control Level 2 is 210 ng 

I n  addi t ion,  based 

7 
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Emission test data presented in Reference 11 indicate that firing oil 
with a sulfur content of 210 ng S02/J (0.50 l b  S02/million Btu) or less will 
generate PM emissions of 43 ng/J (0.10 lb/million Btu) or less. Based on 
the data from AP-42 discussed above, combustion of oil with a sulfur content 
of 210 ng S02/J (0.50 l b  S02/million Btu) or less will produce PM emissions 
of 23 ng/J (0.054 lb/million Btu) or less. 

Thus, firing medium sulfur oil (690 ng S02/J [1.60 l b  S02/million Btu]) 
will reduce PM emissions from small boilers to 73 ng/J (0.17 lb/million Btu) 
or less. Similarly, firing very low sulfur oil [210 ng S02/J (0.50 l b  
S02/million Btu)] will reduce PM emissions to 43 ng/J (0.10 lb/million Btu) 
or less. 

3.3 WET FLUE GAS DESULFURIZATION SYSTEMS (WET SCRUBBERS) 

As discussed in Reference 4,.the use of wet FGD systems serves as the 
basis for Alternative Control Level 3 for standards limiting SO2 emissions 
from small oil-fired boilers. Table 3-1 presents a summary of PM emissions 
data collected from small oil-fired boilers controlled by wet FGD systems. 
The boilers ranged in size from 7 to 17 MW (22 to 57 million Btu/hour) and 
burned oil with sulfur contents ranging from 1.1 to 2.8 weight percent. 
During the tests, the boilers operated at 70 to 106 percent of full load. 
Measured SO2 removal efficiencies far the scrubbers ranged from 85 to 99 
percent. 

56 ng/J (0.03 to 0.13 lb/million Mu). For 17 of the 18 tests, emissions 
ranged from 13 to 43 ng/J (0.03 to 0.10 lb/million Btu). Only one test 
resulted in PM emissions greater than 43 ng/J (0.10 lb/million Btu); this 
test was conducted on a boiler operating at a load in excess of design 
capacity. This test result, therefore, i s  not considered to be 
representative of PM emissions from FGD systems operating under normal 
conditions. 

All FGD systems listed above are wet scrubbers designed with a venturi 
apparatus for PM control. Therefore, wet FGD systems or wet scrubbers are 

Particulate matter emissions from these FGD systems ranged from 13 to 

considered to be a demonstrated control technique for reducing PM emissions 
from small oil-fired boilers to 43 ng/J (0.10 lb/million Btu),or less. 

8 
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3.4 ELECTROSTATIC PRECIPITATORS 

Most o f  the PM emissions data ava i lab le  f o r  ESPs appl ied t o  o i l - f i r e d  
bo i l e rs  were gathered i n  a study o f  u t i l i t y  bo i lers ,  but  the technology i s  
d i r e c t l y  t ransferable t o  small o i l  - f i r e d  bo i le rs .  l3 Elec t ros ta t i c  
p r e c i p i t a t o r  performance depends p r i m a r i l y  on the spec i f i c  c o l l e c t i o n  a r e a  
(SCA), which i s  the  r a t i o  o f  the t o t a l  c o l l e c t i o n  p l a t e  area t o  the 
volumetric gas f low rate.  
cor re la t ion  t o  ESP performance i s  independent o f  b o i l e r  s ize:  therefore,  
data f o r  ESPs on u t i l i t y  o i l - f i r e d  b o i l e r s  a r e  representat ive o f  ESP 
performance on small o i l - f i r e d  bo i l e rs .  

bo i lers .  
2.0 weight percent were f i r ed .  The PM emissions ranged f r o m  18 t o  29 ng/J 
(0.04 t o  0.0; l b / m i l l i o n  Btu). Informat ion regarding SCA was ava i lab le  f o r  
only one ESP l i s t e d  i n  Table 3-2. This u n i t  had an SCA o f  435 m2/1,000m3/s 
(133 ft /1,000 acfm) and serviced a b o i l e r  f i r i n g  a 2.0 weight percent 
s u l f u r  o i l .  During the  tes t ,  PM emissions ranged from 18 t o  21  ng/J (0.041 
t o  0.049 l b / m i l l i o n  Btu). 
evaluated because t h e i r  SCAs are not  avai lable.  

These data, however, ind ica te  t h a t  an ESP w i th  an SCA o f  a t  l eas t  
435 m2/1,000m3/s (133 f t2/ l ,000 acfm) i s  capable o f  reducing PM emissions 
f r o m  small o i l - f i r e d  bo i l e rs  t o  22 ng/J (0.05 l b / m i l l i o n  Btu) o r  less.  
Therefore, ESPs are considered t o  be a demonstrated cont ro l  technique f o r  

reducing PM emissions from smal l  o i l - f i r e d  bo i l e rs  t o  22 ng/J 
(0.05 l b / m i l l i o n  Btu) o r  less. 

Because t h i s  parameter i s  a r a t i o ,  i t s  

Table 3-2 summarizes PM emissions data f o r  ESPs appl ied t o  o i l - f i r e d  
During the tests,  o i l s  w i th  s u l f u r  contents ranging from 0.7 t o  

2 

The performance o f  the other u n i t s  could not  be 

3.5 ALTERNATIVE CONTROL LEVELS 

As mentioned above, a l t e rna t i ve  cont ro l  l eve l s  f o r  standards l i m i t i n g  
SO2 emissions from o i l - f i r e d  bo i l e rs  w i l l  achieve PM emission reductions. 
Thus, a l t e rna t i ve  contro l  l eve l s  considered f o r  standards l i m i t i n g  PM 
emissions from small o i l - f i r e d  b o i l e r s  should be discussed i n  r e l a t i o n  t o  
a l t e rna t i ve  contro l  l eve l s  f o r  standards l i m i t i n g  SO2 emissions. 

10 
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Alternative Control Level 1 for SO2 i s  690 ng/J (1.60 lb /million Btu) 
based on the firing of medium sulfur oil. 
corresponds to PM emissions of 73 ng/J (0.17 lb/million Btu) or less. 
Particulate matter emissions could be reduced to a level of 43 ng/J 
(0.10 lb/million Btu) or less by applying a wet scrubber or by firing very 
low sulfur oil. 
22 ng/J (0.05 lb/million Etu) by applying an ESP. 

based on the firing of very low sulfur oil. 
combustion of very low sulfur oil corresponds to PM emissions of 43 ng/J 
(0.10 lb/million Btu) or less. Emission of PM could be reduced to 22 ng/J 
(0.05) lb/million Btu) by applying an ESP. 

Alternative Control Level 3 for SO2 i s  90 percent SO2 emission 
reduction based on the use of FGD systems. 
FGD systems on small oil-fired boilers can reduce PM emissions to 43 ng/J 
(0.10 lb/million Btu) or less. 
achieved, to a level of 22 ng/J (0.05 lb/million Btu), by applying an ESP 
upstream of the FGD system. 

selected as Alternative Control Level A for standards limiting PM emissions 
from small oil-fired boilers. This alternative control level, however, is 
achieved as a secondary benefit of Alternative Control Level 1 for standards 
limiting SO2 emissions and would, in fact, impose no additional emission 
control requirements. 

Alternative Control Level B for standards limiting PM emissions. This 
alternative i s  based on application o f  wet scrubbers or wet FGD systems or 
the firing of very low sulfur oil. 
impose additional emission control requirements beyond those imposed by 
Alternative Control Level 1 for standards limiting SO2 emissions. 
not, however, impose any additional emission control requirements beyond 
those imposed by Alternative.Contro1 Levels 2 and 3 for standards limiting 
SO2 emissions. 

As discussed in Section 3.2, this 

Emissions of PM could be further reduced to a level of 

Alternative Control Level 2 for SO2 is  210 ng/J (0.50 lb/million Btu) 
As discussed above, the 

. 

As discussed in Section 3.3, 

Further PM emission reductions could be 

As a result, an emission rate o f  73 ng/J (0.17 lb/million Btu) i s  

An emission rate of 43 ng/J (0.10 lb/million Btu) i s  selected as 

This alternative control level would 

It would 
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An emission r a t e  o f  22 ng/J (0.05 l b / m i l l i o n  Btu) based on t h e  use o f  
an ESP i s  selected as A l t e r n a t i v e  Control  Level C for  standards l i m i t i n g  PM 
emissions. Th is  a1 t e r n a t i v e  contro l  l e v e l  would impose add i t iona l  emission 
contro l  requirement beyond those imposed by A l t e r n a t i v e  Control Levels 1, 2 ,  
and 3 f o r  standards l i m i t i n g  SO2 emissions. 

13 



4.0 COAL PM EMISSIONS AND CONTROL TECHNIQUES 

Unl ike o i l ,  PM emissions from coal cannot be cor re la ted  t o  fue l  s u l f u r  

The 
content. As a resu l t ,  l i m i t i n g  SO2 emissions f r o m  coal combustion through 
the use of low s u l f u r  coal has l i t t l e ,  f f  any, e f f e c t  on PM emissions. 
use of FGD systems t o  l i m i t  SO2 emissions from coal combustion, however, 
does r e s u l t  i n  reduced PM emissions. 

Consequently, a l t e rna t i ve  cont ro l  l eve l s  f o r  standards 1 i m i t i n g  SO2 
emissions from coal combustion can also r e s u l t  i n  reduct ions i n  PM 
emissions. 
PM emissions from coal combustion, therefore,  any reduct ion i n  PM emissions 
associated w i th  a l t e rna t i ve  contro l  l eve l s  f o r  standards 1 i m i t i n g  SO2 
emissions should be taken i n t o  account. Thus, as w i th  o i l ,  a l t e rna t i ve  
contro l  l eve l s  f o r  standards l i m i t i n g  PM emissions from coal 'combustion a r e  
considered i n  r e l a t i o n  t o  a l t e rna t i ve  contro l  l eve l s  f o r  standards l i m i t i n g  
SO2 emissions. 

f r o m  small c o a l - f i r e d  bo i l e rs  include double mechanical co l lec to rs ,  
sidestream separators, wet FGD systems o r  wet scrubbers, f a b r i c  f i l t e r s ,  and 
ESPs. 

I n  focusing on a l te rna t i ve  contro l  l eve l s  f o r  standards 1 im i t i ng  

The emission contro l  techniques considered f o r  l i m i t i n g  PM emissions 

4.1 REGULATORY BASELINE EMISSION LEVEL 

The nat ional  average S I P  emission l i m i t s  f o r  PM emissions f r o m  coal -  
f i r e d  bo i l e rs  range f r o m  140 t o  200 ng/J (0.33 t o  0.46 l b / m i l l i o n  Btu). 
PM contro l  system t y p i c a l l y  used t o  meet these emission l i m i t s  i s  a s ing le  
mechanical co l lec to r .  Mechanical c o l l e c t i o n  i s  a wel l -estab l  ished 
technology using cent r i fuga l  separation t o  remove p a r t i c l e s  from a gas 
stream. Mechanical co l lec to rs  have been widely used fo r  years t o  contro l  PM 
emissions from steam generating u n i t s  f i r i n g  coal. More recent ly ,  they have 
been used as f l u e  gas precleaning devices located upstream o f  more e f f i c i e n t  
PM contro l  devices. ' 

Based on emissions t e s t  data i n  Reference 3 ,  however, s ing le  mechanical 
co l lec to rs  are unable t o  maintain these low emission l e v e l s  over time. With 

The 
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time, single mechanical collector performance deteriorates and PM emissions 
increase. 
260 ng/J (0.60 lb/million Btu) for spreader stokers and 190 ng/J 
(0.45 lb/million Btu) for underfeed stoker coal-fired boilers are more 
representattve of long-term mechanical collector performance on these boiler 
types. Underfeed stokers are predominant in the 2.9 to 8.7 MW (10 to 
30 million Btu/hour) size range while spreader stokers are most prevalent 
above this sire range. Thus, regulatory baseline PM emission levels o f  
190 ng/J (0.45 lb/ million Btu) and 260 ng/J (0.60 lb/million Btu) were 
selected for small coal-fired boilers of less than 8.7 MW (30 million 
Btu/hour) and greater than or equal to 8.7 MIJ (30 million Btu/hour), 
respectively. 

The test data in Reference 3 indicate that emission levels of 

4.2 DOUBLE MECHANICAL COLLECTORS 

Most mechanical collectors consist of multiple small cyclone collectors 
connected in a parallel arrangement (multitube cyclone). A variation of 
this technology consists of two mechanical collectors connected in  series. 
This latter configuration is referred to as a double mechanical collector 
(DMC). 
single mechanical coll ector. 

coal combustion, they are relatively ineffective for collection of PM with 
mean diameters smaller than 10 microns (PMlo). These particle sizes, 
however, are in the inhalable range and have the greatest potential for 
adverse health impacts. 

To maintain the collection efficiency of double mechanical collectors, 
regular maintenance is required.” This is because the performance of 
mechanical collectors generally deteriorates with age due to potential air 
leakage into the ductwork and erosion of the internal structure by abrasive 
fly ash. Air leakage and erosion o f  internal structures tend to disturb the 
cyclonic flow pattern, which is vital to double mechanical collector 
performance. Air leakage may also cause re-entrainment of PM previously 
collected. 

This arrangement typically achieves lower PM emission levels than a 

Although double mechanical collectors will reduce PM emissions from 

In both cases, the PM control performance is significantly 
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reduced. As a result, annual emission tests together with repairs or 
maintenance are necessary to ensure optimum double mechanical collector 
performance over time. 

To assess the performance of double mechanical collectors on coal-fired 
boilers, PM emissions data from nine sites were reviewed. l6 These data were 
gathered using EPA Method 5 procedures. 
to 60 MW (60 to 206 million Btu/hour) and were operated at 33 to 100 percent 
of full load during the tests. Analyses of the coal fired in seven o f  these 
boilers showed ash contents ranging from 4.8 to 9.5 weight percent and 
sulfur contents ranging from 470 to 600 ng S02/J (1.1 to 1.4 l b  S02/million 
Btu). Fuel analyses were not available for the remaining two sites. The 
average PM emissions ranged from 77 to 130 ng/J (0.18 to 0.29 lb/million 
Btu). Thus, double mechanical collectors are considered to be a 
demonstrated control technique for reducing PM emissions from boilers firing 
low sulfur coal to 130 ng/J (0.30 lb/million Btu) or less. 
boiler owner/operator must limit the ash content-of the coal fired to 
approximately 10 weight percent or less. 

The boilers ranged in size from 15 

However, the 

4.3 SIDESTREAM SEPARATORS 

A sidestream separator is a mechanical collector from which a 
slipstream or "sidestream" of flue gas is routed to a small fabric filter. 
In most cases, about 20 percent of the total flue gas volume passes through 
the fabric filter, although in some cases it may approach 50 percent of the 
total gas stream. 
collector, the same potential exists for deterioration of performance with 
age, as discussed for double mechanical collectors in Section 4.2. 
regular maintenance and annual emissions testing are required to ensure 
optimum PM control performance. 

in size from 9 to 29 MW (31 to 100 million Btu/hour) and retrofitted with 
sidestream separators. The boilers operated at loads ranging from 68 to 
108 percent of full capacity under relatively constant load conditions. 
percent of total flow sent to the baghouse varied from I5 to 51 percent. 
Coal ash content ranged from 4.3 to 10.1 weight percent. 

Because a sidestream separator includes a mechanical 

Thus, 

Table 4-1 presents PM emissions data from eight stoker boilers ranging 

The 

Particulate matter 
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emissions ranged from 52 to 73 ng/J (0.12 to 0.17 lb/million Btu). 
Therefore, sidestream separators are considered to be a demonstrated control 
technique for reducing PM emissions from small coal-fired boilers to 86 ng/J 

(0.20 lb/million Btu) or less. 
mechanical collectors, the boiler owner/operator must limit the ash content 
of the coal fired to approximately 10 weight percent or less. 

However, as discussed above for dual 

4.4 WET FLUE GAS DESULFURIZATION SYSTEMS (WET SCRUBBERS) 

Emission tests, summarized in Table 4-2, were available for three wet 
FGD systems servicing coal-fired spreader stoker boilers. 
ranged from 37 to 69 MW (125 to 236 million Btu/hour) heat input and were 
operated at loads ranging from 73 to 92 percent of full load during the 
tests. 

All three wet scrubbers were dual alkali FGD systems designed with 
venturi devices for combined PM and SO2 control and were preceded by 
mechanical collectors. The scrubbers were operated at pressure drops 
ranging from 1.9 to 4.8 kPa (7.5 to 19.3 inches of water). 
during the tests had ash contents ranging from 4.4 to 11.4 weight percent 
and sulfur contents ranging from 950 to 1,900 ng S02/J (2.2 to 4.4 l b  
S02/million Btu). The tests were conducted according to EPA Method 5 with 
high sample box temperatures. Particulate matter emissions ranged from 30 
to 43 ng/J (0.07 to 0.10 lb/million Btu). Therefore, wet FGD systems or wet 
scrubbers are considered to be a demonstrated control technique for reducing 
PM emissions from small coal-fired boilers to 43 ng/J (0.10 lb/million Btu) 
or less. 

The boilers 

The coals fired 

4.5 FABRIC FILTERS 

Table 4-3 presents PM emissions test data, boiler size, and fuel 
specifications for five coal-fired boilers and two fluidized bed combustion 
(FBC) units equipped with fabric filters. These data show PM emissions from 
fabric filters ranging from 4.1 to 15 ng/J (0.010 to 0.035 lb/million Btu). 
The boilers ranged in size from 13 to 59 MW (48 to 208 million Btu/hour) and 
were operated at loads ranging from 71 to 100 percent of full capacity. For 
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the four coal , - f i red spreader stoker bo i l e rs ,  the  f a b r i c  f i l t e r s  were 
operated w i th  a i r - t o - c l o t h  (A/C) r a t i o s  o f  0.7 t o  1.1 meters p e r  minute 
(m/min) (2.3 t o  3.6 f ee t  per minute [ f t /min] ) .  
the bo i l e rs  ranged from 6.5 t o  12.3 weight percent. 

bo i lers ,  a bubbling bed FBC un i t ,  and a c i r c u l a t i n g  bed FBC unit., B o i l e r  
sizes range from 13 t o  59 MW (48 t o  208 m i l l i o n  Btu/hour). Fabr ic f i l t e r s  
reduced PM emissions from each o f  these b o i l e r s  t o  less  than 22 ng/J 
(0.05 l b / m i I l i o n  Btu). These data i nd i ca te  t h a t  f a b r i c  f i l t e r  performance 
i s  not s i g n i f i c a n t l y  a f fected by b o i l e r  design type o r  s ize.  Thus, f a b r i c  
f i l t e r s  are considered t o  be a demonstrated cont ro l  technique f o r  reducing 
PM emissions from small c o a l - f i r e d  b o i l e r s  t o  22 ng/J (0.05 l b / m i l l i o n  Btu) 
o r  less. 

Coal ash contents f o r  a l l  

The b o i l e r  design types included i n  Table 4-3 are spreader stoker 
r 

- 4.6 ELECTROSTATIC PRECIPITATORS 

Table 4-4 presents PM emission t e s t  data from ESPs on c o a l - f i r e d  
bo i l e rs  ranging from 27 t o  110 MW (92 t o  375 m i l l i o n  Btu/hour) i n  s i z e .  
discussed i n  Section 3.4, ESP performance i s  p r i m a r i l y  dependent on SCA; 
thus, these data are also representat ive o f  ESPs appl ied on small c o a l - f i r e d  
bo i le rs .  The ash content o f  the coals burned ranged from 5.4 t o  12.0 weight 
percent. A l l  t e s t s  were conducted using EPA Method 5 and resu l ted  i n  PM 
emissions ranging from 3 t o  19 ng/J (0.006 t o  0.044 l b / m i l l i o n  Btu).  

Four t e s t s  were conducted on co ld-s ide ESPs ( i  .e., located downstream 
o f  the a i r  preheater) and two t e s t s  were performed on a hot -s ide ESP ( i .e.,  
located upstream o f  the a i r  preheater). 
ESPs ranged from 419 t o  1,300 m2/1,000 m3/s (128 t o  397 f t2 / l ,000 acfm); the 
hot -s ide ESP operated a t  SCAs o f  1,770 and 2,080 m2/1,000 m3/s (542 and 
634 f t2/ l ,000 acfm). 

f i r i n g  coals w i t h  s u l f u r  contents o f  1.0 weight percent s u l f u r  o r  less,  
except f o r  the Monsanto K7 bo i l e r .  A l a r g e r  c o l l e c t i o n  area i s  general ly 
required t o  achieve a given PM c o l l e c t i o n  e f f i c i ency  on low s u l f u r  
coa l - f i red  u n i t s  than on h igh s u l f u r  c o a l - f i r e d  un i ts . * l  Thus, the  emission 
contro l  l e v e l s  shown i n  Table 4-4 would be achievable on b o i l e r s  f i r i n g  high 

As  

Operating SCAs o f  the  cold-side 

A l l  the  emission t e s t s  shown i n  Table 4-4 were conducted on b o i l e r s  
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sulfur coal with SCAs equal to or less than those shown. 
The emission tests indicate that a cold-side ESP with an SCA of at 

least 1,310 m2/1,000 m3/s (400 ft2/1,000 acfm) is capable of achieving PM 
emission levels ranging from 3 to 19 ng/J (0.006 to 0.044 lb/million Btu) on 
small boilers firing low sulfur coal. 
least 2,090 m /1,000 m /s (640 ft /1,000 acfm) could achieve emission levels 
ranging from 7 to 19 ng/J (0.018 to 0.044 lb/million Btu) on small boilers 
firing low sulfur coal. Therefore, ESPs are considered to be a demonstrated 
control technique for reducing PM emissions from coal-fired boilers to 
22 ng/J (0.05 lb/million Btu) or less. 

A hot-side ESP with an SCA of at 
2 3 2 

4.7 ALTERNATIVE CONTROL LEVELS 

As discussed above, in some cases alternative control levels selected 
for standards limiting SO2 emissions from small coal-fired boilers will also 
result in PM emission reductions. Consequently, alternative control levels 
considered for standards limiting PM emissions should be discussed in 
relation to alternative control levels for SO2 standards. 

small coal-fired boilers i s  520 ng/J (1.2 lb/million Btu) and is based on 
the use of low sulfur coal. Alternative control levels for SO2 standards 
based on the use of low sulfur coal will not affect PM emissions. Thus, the 
PM emission levels associated with SO2 Alternative Control Level 1 are the 
PM regulatory baseline emission level of 190 ng/J (0.45 lb/million Btu) for 
boilers of less than 8.7 MW (30 million Btu/hour) and 260 ng/J 
(0.60 lb/million Btu) for boilers of 8.7 MW (30 million Btu/hour) or 
greater. 

million Btu) or less for small coal-fired boilers using a double mechanical 
collector. 
or less by using a sidestream separator or to 43 ng/J (0.10 lb/million Btu) 
or less by using a wet scrubber. Particulate matter emissions could be 
further reduced to a 22 ng/J (0.05 lb/million Btu) or less by use of a 
fabric filter or an ESP. 

small coal-fired boilers is a 90 percent reduction i s  SO2 emissions on a 

Alternative Control Level 1 for standards limiting SO2 emissions from 

Particulate matter emissions could be reduced to 130 ng/J (0.30 lb/ 

Emissions could also be reduced to 86 ng/J (0.20 lb/million Btu) 

Alternative Control Level 2 for standards limiting SO2 emissions from 
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continuous basis. This level can be met by use of FGD or FBC systems. As 
discussed in Section 4.4, use of wet FGD systems will reduce PM emissions to 
43 ng/J (0.10 lb/million Btu) or less. 
further reduced to 22 ng/J (0.05 lb/ million Btu) by installing a fabric 
filter or an ESP upstream of the FGD system. 

designed with a fabric filter for PM control. 
lime spray dryer is used to meet SO2 Alternative Control Level 2, PM 
emissions will be reduced to 22 ng/J (0.05 lb/million Btu) or less. 

Alternative Control Level A for standards limiting PM emissions from small 
coal-fired boilers. This alternative is based on the use of a double 
mechanical collector. 

Similarly, emission rates of 86 ng/J (0.20 lb/million Btu) and 43 ng/J 
(0.10 lb/million Btu) are selected as Alternative Control Levels B and C. 
Alternative B is based on the use of a sidestream separator and 
Alternative C is based on the use o f  a wet scrubber. 

These alternatives would impose additional emission control 
requirements under Alternative Control Level 1 for SO2 standards. 
would, however, impose no additional emission control requirements under 
Alternative Control Level 2. 

Finally, an emission rate of 22 ng/J (0.05 lb/million Btu) is selected 
as Alternative Control Level D for standards limiting PM emissions from 
small coal-fired boilers. This alternative is based on the use of an ESP or 
a fabric filter. 

As with Alternatives A, B, and C, Alternative D would impose additional 
emission control requirements under Alternative Control Level 1 for SO2 
standards. Unlike these other alternatives, however, it would also impose 
additional emission control requirements under Alternative Control Level 2 
for SO2 standards if a wet FGD system were used to meet the 90 percent SO2 
reduction requirement. If, on the other hand, an FBC unit or a lime spray 
dryer was used to meet the 90 percent SO2 reduction requirement associated 
with Alternative Control Level 2, this alternative for PM emissions would 
also impose no additional emission control requirements. 

Particulate matter emissions can be 

Fluidized bed combustion units and lime spray dryers are almost always 
Therefore, if an FBC unit or 

An emission rate of 130 ng/J (0.30 lb/million Btu) is selected as 

They 
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5.0 WOOD PM EMISSIONS AND CONTROL TECHNIQUES 

Wood, unlike oil and coal, contains 1 ittle or no sulfur. In 
addition, few, if any, mixed fuel-fired (i.e., coal/wood or oil/wood) 
boilers are expected for this source category.22 AS a result, there is no 
need to consider levels selected for SO2 standards in considering 
alternative control levels for PM.emissions from small wood-fired boilers. 
The control techniques considered for 1 imiting PM. emissions from small 
wood-fired boilers include double mechanical collectors, wet scrubbers, and 
ESPs. 
hazards associated with wood-firing appl ications. 

Fabric filters were not considered because of the potential, fire 

5.1 REGULATORY BASELINE EMISSION LEVEL 

The national SIP emission limits for PM emissions from small wood- 
fired boilers range from 160 to 170 ng/J (0.37 to 0.40 lb/million B ~ u ) . ~ ~  
The PM control system generally used to meet these emission limits is a 
single mechanical collector. However, as with single mechanical collectors 
on coal-fired boilers, single mechanical collectors on wood-fired boilers 
are unable to maintain these low emission levels over time. Mechanical 
collector performance deteriorates with time and PM emissions increase. 
Thus, the regulatory base1 ine for small wood-fired boilers is selected to 
be 190 ng/J (0.45 lb/million Btu) for boilers smaller than 8.7 MW (30 
million Btu/hr) and 260 ng/J (0.60 lb/million Btu) for boilers greater than 
or equal to 8.7 Mw (30 million Btu/hr) to reflect single mechanical 
collector performance on small wood-fired boilers over time. 

5.2 DOUBLE MECHANICAL COLLECTORS 

As discussed above in Section 4 . 2  for coal-fired boilers, double 
mechanical collectors will also reduce PM emissions from wood combustors. 
However, they are relatively ineffective for PMIO removal. These particles 
are in the inhalable range and have the greatest potential for adverse 
health impacts. 
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To assess the performance of double mechanical collectors on wood-fired 
boilers, PM emission data from four sites were reviewed. 24 The data 
represent four compliance tests conducted using Reference Method 5 
procedures. 
Btu/hour) and were operated at 72 to 116 percent of full load during the 
tests. Outlet PM emissions ranged from 35 to 92 ng/J (0.082 to 
0.215 lb/million Btu). 

boiler loads. Mechanical collectors, in general, are not as effective at 
low load conditions. Thus, as with coal-fired boilers, double mechanical 
collectors are considered to be a demonstrated control technique for 
reducing PM emissions from small wood-fired boilers to 130 ng/J 
(0.30 lb/million Btu) or less. 

The boilers ranged in size from 7.3 to 44 MW (25  to 150 million 

These double mechanical collectors were tested at relatively high 

5.3 WET SCRUBBERS 

Table 5-1 presents PM emissions data from wood-fired boilers equipped 
with wet scrubbers. Particulate emissions range from 21 to 91 ng/J (0.048 
to 0.212 lb/million Btu). All boilers shown are spreader stokers which 
range in size from 16 to 67 MW (55 to 230 million Btu/hr). The PM control 
systems consist of a mechanical collector followed by a wet scrubber. The 
boilers were operated at loads ranging from 47 to 103 percent o f  full load' 
during the tests. Fly ash reinjection is employed at all sources except at 
boilers ACl and AC2.  All data were obtained using EPA Method 5. 

to 3.4 KPa (1.5 to 13.5 inches water)] and preceded by a mechanical 
collector can reduce PM emissions to 86 ng/J (0.20 lb/million Btu) or less. 
Wet scrubbers operating at medium pressure drops [(3.8 to 6.0 KPa (15 to 26 
inches water)] and preceded by a mechanical collector can reduce PM 
emissions to 43 ng/J (0.10 lb/million Btu) or less. Therefore, low 
Pressures drop wet scrubbers are considered demonstrated at 86 ng/J (0.20 
lb/million), whereas medium pressure drop wet scrubbers are considered 
demonstrated at 43 ng/J (0.10 lb/million Btu). 

The data show that wet scrubbers operating at low pressure drops [0.4 
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5.4 ELECTROSTATIC PRECIPITATORS 

Table 5-2 presents PM emission test data for ESPs applied on wood-fired 
boilers that range in size from 50 to 202 MW (170 to 690 million Btu/hour). 
As discussed above for oil and coal combustion, ESP performance on large 
wood-fired boilers is also representative of ESP performance on small 
wood-fired boilers. All boilers are spreader stokers firing wood or 
wood/coal mixtures. The boilers operated at 25 to 69 percent of full load 
during the tests. A mechanical collector is located upstream of each ESP; 
fly ash reinjection was used during all tests. 
ranged from 18 to 31 ng/J (0.042 to 0.072 lb/million Btu). The operating 
SCAs ranged from 752 to 1,480 m2/1,000 m3/s (230 to 453 ft2/l,000 acfm). 

The emission test data indicate that an ESP with an SCA of. at least 
2 980 m /1,000 acfm) and preceded by a mechanical collector is capable of 

achieving a PM emission level of 43 ng/J (0.10 lb/million Btu) heat input or 
less on small wood-fired boilers. Therefore, ESPs are considered to be a 
demonstrated control technique for reducing PM emissions from wood-fired 
boilers to 43 ng/J (0.10 lb/million Btu) heat input or less. 

The PM emission test results 

5.5 ALTERNATIVE CONTROL LEVELS 

Alternative Control Level A for wood-fired boilers is selected as 
130 ng/J (0.30 lb/million Btu) heat input based on the use of a double 
mechanical collector. 
(0.20 lb/million Etu) heat input, which can be met.by using a wet scrubber 
operated at a low pressure drop and preceded by a mechanical collector. 
Finally, Alternative Control Level C for wood-fired boilers is selected as 
43 ng/J (0.10 lb/million Btu) heat input. This level can be achieved by 
using a mechanical collector combined with either an ESP or a wet scrubber 
operated at a medium pressure drop. 

Alternative Control Level B is selected as 86 ng/J 
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