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' I  

ABSTRACT 

The resu l t s  of t h i s  s t u d y  have been reported i n  three  sect ions:  

(1) a l i s t i n g  of o i l - f i r e d  combustion u n i t s  including t h e i r  s i z e ,  

f u e l  r a t e  and composition, type and performance of p a r t i c u l a t e  con- 

t r o l  equipment, and the methodology used t o  procure these da ta ;  

(2) an assessment of t he  e f f ec t iveness  of t h e  p a r t i c u l a t e  cont ro l  

equipment and the impact of coa l - to -o i l  conversions,  s u l f u r  and 

ash content ,  f u e l  add i t ives ,  soo tb lming ,  base or peak load opera- 

t i o n s  on equipment performance; and (3) the technical  f e a s i b i l i t y '  

and cos t  of i n s t a l l i n g  p a r t i c u l a t e  con t ro l s  on e x i s t i n g  and proposed 

o i l - f i r e d  systems. 

i i f  
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SECTION I 

SUMMARY AND CONCLUSIONS 

The combustion of r e s i d u a l  and d i s t i l l a t e  o i l s  in s t a t iona ry  b o i l e r s  

represents  an important source of f i n e  p a r t i c l e s  i n  t h e  atmosphere. 

Util i t ies and indus t ry  a r e  the p r i n c i p a l  consumers of r e s i d u a l  o i l  f o r  

e l e c t r i c  power, heat ing and steam production whereas commercial and 

domestic heat ing systems a r e  the main users of d i s t i l l a t e  o i l s .  

The quant i ty ,  type and s i z e  of p a r t i c u l a t e  emissions from o i l - f i r e d  com- 

bust ion operat ions a r e  presumed t o  depend mainly upon the following 

f a c t o r s  : 

Overall  f u e l  consumption r a t e  

0 Ash and s u l f u r  content  of  f u e l  

Use of mineral f u e l  add i t ives  

Combustion e f f i c i ency  f o r  f u e l  

Use and e f f ec t iveness  of p a r t i c u l a t e  con t ro l  devices.  

P l an t  age and operat ing procedures-archaic t o  modern 

The r e s u l t a n t  impact of these combustion operat ions upon any geographical 

a rea  must be assessed not  only i n  terms of sources s t rength(s )  but  

a l s o  i n  terms of c l imato logica l  and topographical f a c t o r s  t h a t  con t ro l  

the meteorological t r anspor t  of t h e  p a r t i c u l a t e s .  

The f i r s t  ob jec t ive  of t h i s  study was t o  provide a general  listing of 

o i l - f i r e d  combustion f a c i l i t i e s  w i th in  t h e  U.S.A. with r e spec t  t o  the 

key parameters def ining p a r t i c u l a t e  emission l eve l s .  

through analyses of da ta  excerpted from: 

This was accomplished 

(1) NEDS f i l e s  prepared by EPA; 

1 



(2) p a s t  and present  s tack  sampling programs conducted by GCA/Technology 

Divis ion and o ther  p r i v a t e  agencies;  and (3) s tack  test  da ta  made ava i l -  

a b l e  by the Massachusetts Bureau of A i r  Qual i ty .  

A second objec t ive  of t h i s  study was t o  determine what degree of con t ro l  

was now provided by var ious  types of p a r t i c u l a t e  c o l l e c t o r s  so t h a t  an 
assessment of  the f e a s i b i l i t y  of  i n s t a l l i n g  more and b e t t e r  con t ro l  

devices  might be made. A t  t h i s  t i m e ,  i t  appears t h a t  the  necess i ty  fo r  

con t ro l l i ng  p a r t i c u l a t e  emissions from present  o r  f u t u r e  combustion sys- 

tems must be judged f i r s t  upon b e s t  es t imates  of p a r t i c l e  t ox ic i ty .  

Secondary c r i t e r i a  should include how l a rge  a reduct ion i n  s o l i d s  emis- 

s ions  can be a t t a ined  fo r  any one type of o i l - f i r e d  combustion u n i t  

compared t o  the t o t a l  emission p o t e n t i a l  f o r  a l l  c l a s s e s  of  o i l - f i r e d  

systems. Addit ional ly ,  the f e a s i b i l i t y  of regula t ing  emissions from 
o i l - f i r e d  b o i l e r s  must a l s o  be examined on a c o s t  b a s i s  r e l a t i v e  t o  the 

s e l e c t i o n  of a l t e r n a t e  methods of energy production. 

CONCLUSIONS 

General 

1. 

2. 

3. 

NEDS da ta  provide a use fu l  information source from which 
parameters can be developed t o  a s s i s t  i n  es t imat ing par- 
t i c u l a t e  emissions p o t e n t i a l  and emission con t ro l  needs 
f o r  l a rge  geographical a r eas .  

P a r t i c u l a t e  emission ra tes  based upon a c t u a l  s t ack  sampling 
ind ica t e  t h a t  use of  EPA emission f a c t o r s  f o r  s t a t iona ry ,  
o i l - f i r e d  combustion systems i n  conjunction with commonly 
accepted e f f i c i ency  va lues  f o r  e l e c t r o s t a t i c  p r e c i p i t a t o r s  
(or  those suggested by t h e  manufacturer) can lead t o  e r ro-  
neously low projec t ions  f o r  emission r a t e s .  

The genera l  s c a t t e r  observed i n  the  ac tua l  sampling da ta  
used i n  preparing t h i s  r e p o r t  i nd ica t e s  t h a t  considerably 
more than 100 samples a r e  needed to  e s t a b l i s h  p rec i se  
es t imates  of cu r ren t  emissions and the f e a s i b i l i t y  of 
t h e i r  cont ro l .  
i 
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Applica tions/NEDS Data 

1. 

2. 

3. 

4 .  

5. 

NEDS sources cu r ren t ly  r e p o r t  emission da ta  t h a t ,  based 
upon estimated fue l  consumption from independent surveys, 
represent  about 75 percent  of e x i s t i n g  s t a t iona ry  o i l -  
f i r e d ,  ex te rna l  combustion b o i l e r  capaci ty  i n  the U.S.A. 

Boi le rs  a r e  grouped according t o  three  f u e l  consumption 
c l a s s e s  ( u t i l i t y ,  i n d u s t r i a l  and commercial), r a t ed  
capac i ty ,  f u e l  type and f u e l  usage. Where mul t ip le  
f u e l  usage (e.g., o i l - c o a l  or  o i l -gas)  i s  indica ted ,  
one can e s t a b l i s h  emission s t a t i s t i c s  only on a year ly  
average bas is .  

Exclusion of multiple-fueled b o i l e r s  from s t a t i s t i c a l  
averaging processes does n o t  appear t o  b i a s  NEDS da ta  
wi th  r e spec t  t o  number of b o i l e r s  versus  s i z e ,  b o i l e r  
s i ze  versus  use of con t ro l  equipment, o r  b o i l e r  s i ze  
versus  estimated p a r t i c u l a t e  emissions. 

NEDS emission s t a t i s t i c s  fo r  most b o i l e r s  a r e  based 
upon emission f a c t o r s  e s t ab l i shed  by p r i o r  EPA s t u d i e s  
and dus t  co l l ec to r  e f f i c i e n c y  d a t a  e i t h e r  provided by 
the manufacturer or  estimated by the user  o r  po l l ing  
group. They may apply only t o  a s ing le  f u e l  type; 
e.g. ,  coa l ,  and t o  but  one method of  b o i l e r  operation; 
e.g., base load. Few d a t a  reported i n  NEDS f i l e s  a r e  
based upon cu r ren t  s t a c k  sampling ca r r i ed  ou t  i n  
accordance with compliance procedures. Therefore 
NEDS emission s t a t i s t i c s  a r e  e s s e n t i a l l y  a r e f l e c t i o n  
of existing emission f a c t o r s  and depic t  no new da ta .  

Generally,  NEDS da ta  permit no eva lua t ions  of the 
e f f e c t  of f u e l  add i t ives ,  method of b o i l e r  opera t ion  
and the  performance p o t e n t i a l  of p a r t i c u l a t e  con t ro l  
equipment. 
s i g n i f i c a n t  impact on t h e  emissions c h a r a c t e r i s t i c s ,  
can only be in fe r r ed  i n d i r e c t l y  on the b a s i s  of s ize .  

The age of a b o i l e r ,  which may have a 

Analyses of F ie ld  Measurements 

1. Stack sampling measurements i nd ica t e  t h a t  p a r t i c u l a t e  
emissions per 1000 g a l l o n s  of f u e l  f i r e d  genera l ly  
decrease a s  b o i I e r  s i z e  increases .  Emission l e v e l s  
were found t o  range from 13.1 t o  6.9 lb/1000 g a l .  f o r  
b o i l e r  c a p a c i t i e s  of 1 t o  500 Mu. With regard t o  
b o i l e r  s i z e ,  EPA has proposed an  average emission 
f ac to r  of 8 lb/1000 ga l .  

3 
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4. 

5. 

6 .  

7 .  

8. 

9 .  

10. 

11. 

A decrease i n  emission r a t e  a s  a funct ion of b o i l e r  
capac i ty  was a l s o  observed f o r  systems using addi t ives .  

A decrease i n  p a r t i c u l a t e  emission r a t e  was noted 
f o r  uncontrolled systems a s  w e l l  a s  cont ro l led  systems 
when b o i l e r  capaci ty  was increased. 

A reduced emission r a t e  f o r  l a r g e  b o i l e r s  i s  a t t r i b u t e d  
mainly t o  the f a c t  t h a t  b o i l e r  l a rge r  than 200 Mw in 
capaci ty  a r e  usual ly  newer u n i t s  w i t h  more sophis t ica ted  
combustion con t ro l .  

E l e c t r o s t a t i c  p r e c i p i t a t o r s  a r e  by f a r  t he  predominant 
c o l l e c t o r  types f o r  con t ro l  of emissions from o i l - f i r e d  
uni t s .  

Those p r e c i p i t a t o r s  designed expressly f o r  o i l - f i r e d  
systems provide b e t t e r  c o l l e c t i o n  than u n i t s  designed 
f o r  coa l - f i red  b o i l e r s  and not  modified f o r  o i l - f i r i n g .  

I n e r t i a l  c o l l e c t o r s  of the multicyclone type genera l ly  
have l i t t l e  value a s  c o n t r o l  u n i t s  f o r  o i l - f i r e d  e m i s -  
s i ons  except t o  capture  gross  p a r t i c u l a t e  ( > l o  pm diameter) 
i n  the  acid smut category. 

P a r t i c u l a t e  emissions f o r  o i l o f i r e d  systems with elec- 
t r o s t a t i c  p r e c i p i t a t o r s  appear t o  decrease slowly once 
a 300 Mw capaci ty  i s  reached suggesting t h a t  a steady 
state discharge may be approached t h a t  depends upon: 
(1) t h e  i n t e n s i t y  and frequency of p l a t e  rapping and i ts  
e f f e c t s  upon d u s t  reentrainment;  and (2) t h e  i n t e n s i t y ,  
dura t ion ,  and general  programming of soot  blowing 
operat ions.  

Col lec t ion  e f f i c i e n c i e s  f o r  e l e c t r o s t a t i c  p r e c i p i t a t o r s  
w i l l  usual ly  increase  w i t h  i n l e t  d u s t  loading f o r  a 
given b o i l e r  operat ion.  
i s  t h a t  high loadings a r e  usual ly  associated with coarse 
p a r t i c u l a t e s  produced by: 
r e s u l t i n g  from poor combustion; (2) excessive soot  
blowing; or ,  (3) excessive use of coarse mineral addi t ives .  

Curren t  f i e l d  sampling da ta  (exclusive of NEDS sources) 
i nd ica t e  t h a t  emission r a t e s  f o r  b o i l e r s  cont ro l led  by 
e l e c t r o s t a t i c  p r e c i p i t a t i o n  average about 3.8 lb/1000 g a l  
f o r  u n i t s  > 100 Mw capaci ty .  On t h i s  b a s i s  the 
"effect ive" e f f i c i ency  f o r  the  ESP u n i t s  i s  roughly 
50 percent or less f o r  b o i l e r s  t h a t  a r e  well  cont ro l led  
from the combustion s tandpoint .  

Limited measurements i n d i c a t e  t h a t  use of f u e l  add i t ives  
t o  r egu la t e  ash slagging and cold-end corrosion produced 
higher p a r t i c u l a t e  emission. 

The reason f o r  t h i s  behavior 

(1) massive soot  discharge 

4 



12. Limited da ta  ind ica t e  t h a t  w e t  scrubbing systems developed 
mainly f o r  su l fu r  oxides removal provide high p a r t i c u l a t e  
co l l ec t ion .  Unfortunately,  parer  requirements t o  achieve 
> 90 percent  removal and the plume reheat ing necessary 
t o  provide f o r  vapor plume rise and d i s s i p a t i o n  may not  
be acceptable.  

o i l  s u l f u r  and ash content  e x e r t  no s i g n i f i c a n t  e f f e c t  
on p a r t i c u l a t e  emission r a t e s .  
t h a t  any r e a l  emission v a r i a t i o n s  t h a t  might have been 
a t t r i b u t a b l e  t o  s u l f u r  content  could have been observed 
by v a r i a t i o n s  i n  o the r  system operating parameters. 
Further  t e s t s  should be made t o  determine whether the  
components of the mineral  ash,  p a r t i c u l a r l y  ca ta lyz ing  
elements such as  vanadium, may a f f e c t  emissions r a t e .  

13. Limited tests ind ica t e  t h a t  normal v a r i a t i o n s  i n  f u e l  

It i s  recognized, however, 

! 
i 
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SECTION I1 

SURVEY OF OIL-FIRED COMBUSTION SYSTEMS EMPMYING 
PARTICULAlG EMISSION CONTROL DEVICES 

lhe cont r ibu t ion  of p a r t i c u l a t e  emissions from o i l - f i r e d  combustion 

systems to t o t a l  atmospheric loadings must  be appraised wi th in  the con- 

t ex t  of cur ren t  f u e l  consumption p o l i c i e s .  I n  Table l , I a2  a breakdown 

of f u e l  usage i s  provided w i t h  r e spec t  t o  f u e l  type ( d i s t i l l a t e  or re- 

s idua l )  and p l a n t  operat ion ( i n d u s t r i a l  o r  e l e c t r i c a l  power). I n  1971, 

electric power generating u t i l i t i e s  consumed approximately 396 mi l i i on  

b a r r e l s  of f u e l  l h i s  was more than 1.5 times t h a t  consumed by 

indus t ry  f o r  the production of hea t  and power' w h i l e  i t  was considerably 

less than the combined domestic and commercial f u e l  o i l  consumption f o r  

t he  same year.4 

r e p o r t  r e f e r ,  r e spec t ive ly ,  t o  p r i v a t e  res idence and publ ic  bu i ld ings  

and/or apartments. 

'Ihe terms domestic and commercial a s  used i n  t h i s  

Oi l - f i red  electric u t i l i t i e s  employ p a r t i c u l a t e  emission con t ro l s  f a r  

more frequent ly  than t h e i r  i n d u s t r i a l  o r  commercial counterpar ts .  

of p a r t i c u l a t e  con t ro l  equipment on domestic combustion systems is 
v i r t u a l l y  unheard of.  

has been upon power generat ing u t i l i t i e s .  

Use 

For t h i s  reason,  the primary focus of t h i s  study 

The da ta  presented i n  Table 2 ,  Appendix A, Appendix B, and i n  o ther  

s ec t ions  of t h i s  r e p o r t  were obtained from a number of sources.  In  
t h i s  r e p o r t ,  t h e  b a s i s  f o r  p a r t i c u l a t e  emission analyses was the  s t ack  

tes t  da ta  i n  Table 2 and Appendix B. 

t r a t e d  i n  var ious  f i g u r e s  throughout the text.  

lhese  a r e  the da ta  t h a t  a r e  i l l u s -  
The information used to 
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Table 2 .  OIL-FIRED COMBUSTION SYSTEMS WITH PARTICULATE 
EMISSION CONTROL DEVICES (STACK E S T  DATA) 

y1III" 

I.. ... ... ... 
n. 
1.. 
7.. ... ... 
n. 
1.. ... ... ... ... ... 
7.. 
1.. ... ... ... 
r.. 
1.. 
7.. 

' 8 .  .. .. .. 
1.. " 
r.. .. 
7.. ... .. 
_I.. ..* ... 
1.. ... 
1.. ... ... 
7.. .. .. .. .. .. ... ... ... ... ..* " " " " " " 
,.a 
7.. 
7" ." ." ..* 
1.. ." . . . . 

Mw 2 9 . 4  MM Btu/hr a 

b~~~ - Electrostat ic  precipitator 

Many of the stack tests d i d  not include upstream particulate  measure- 
ments. Therefore, control device co l l ec t ion  e f f i c i e n c i e s  could not 
be determined. 

C 
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formulate Appendix A was obtained from the  National Emissions Data 

System (NEDS). Since most NEDS da ta  were computed on the  b a s i s  of emis- 

s ion  f a c t o r s  r a t h e r  than ac tua l  s tack  measurements, the NEDS information 

has  been used mainly t o  furn ish  system and operat ing parameters. 

d a t a  have not  been used i n  subsequent analyses of emissions. 

used t o  process  NEDS da ta  a re  descr ibed below. 

NEDS 

Procedures 

Figure 1 i l l u s t r a t e s  the  manner i n  which t h e  d a t a  from NEDS were handled. 

I n i t i a l l y ,  a tape w a s  received conta in ing  information f o r  e l e c t r i c  

u t i l i t y ,  i n d u s t r i a l  and commercial b o i l e r s  f i r i n g  o i l ,  coa l  and n a t u r a l  

gas. 

tape,  t h e  information was s tored  by f u e l  type r a t h e r  than by source. 

This  created process complications because the  f r a c t i o n s  of o i l  coa l ,  or 
gas consumed a t  mul t ip le  f u e l  use loca t ions  were o f t e n  not  c l e a r l y  iden- 

t i f i e d .  A program was developed t o  e x t r a c t  t h e  o i l - f i r e d  system d a t a  

from t h e  i n i t i a l  tape f o r  both p r i n t o u t  and s torage  on another tape. 

From t h i s  second tape,  those systems employing emission con t ro l  equipment 

were i d e n t i f i e d  and pr in ted .  Since many of the systems on the  l i s t  of 
cont ro l led  o i l - f i r e d  b o i l e r s  a l s o  f i r e d  o ther  f u e l s ,  it i s  necessary t o  

i d e n t i f y  and p r i n t  a l i s t  of t hese  mul t ip le  fueled systems. Once iden- 

t i f i e d ,  a.manua1 s o r t i n g  process  was employed t o  e l imina te  the  mul t ip le  

fueled systems from t h e  l i s t  of cont ro l led  bo i l e r s .  Fur ther  complica- 

t i o n s  a rose  when it was r ea l i zed  t h a t  some of the  b o i l e r s  which were 

thought t o  be f i r e d  s o l e l y  by o i l  might a l s o  be fueled with wood, ba- 
gasse ,  coke, process  gas, LPG, etc.  Due t o  the  f a c t  t h a t  these f u e l s  

were not  included on the  i n i t i a l  NEDS tape received by GCA, these  mul- 

t i p l e  fueled sources had t o  be manually i d e n t i f i e d  by personnel a t  the  

NADB. This permitted a l i s t i n g  of cont ro l led  b o i l e r s  fueled so le ly  by 

o i l  i n  Appendix A. 

Due t o  the  na tu re  of t h e  retrieval program used t o  prepare t h i s  

The da ta  presented i n  Table 2 inc lude  the r e s u l t s  of s t ack  t e s t s  pro- 

vided by the Massachusetts Bureau of A i r  Qual i ty  Control and the  r e s u l t s  

of  emissions compliance tests performed by GCA/Technology Divis ion a t  
s eve ra l  o i l - f i r e d  power p l an t s .  Several  l a rge  u t i l i t i e s  a l s o  provided 

11 I 



I 
I 
I 
I 
1 
1 
I 
1 
1 
I 
I 
1. 
I 
I 
1 
1 
I 
1 
1 

1 t 

I t I I 1 

I 

i 

12 

m 
U 

W 
m 

i 
0 
0 

W 
al 

; 
Y 

k 

al 

W 
al 
0 
0 



I 
1 
I 
I 
I 
8 
1 
I 
I 
1 
I 
0 
I 
I 
I 
1 
' I  
1 
I 

results of s tack  measurements on t h e i r  systems with the  proviso,  i n  

some cases ,  t h a t  t h e i r  p l a n t s  no t  be iden t i f i ed .  

Table 3 was developed from the  NEDS l i s t  of cont ro l led  and uncon- 

t r o l l e d  o i l - f i r e d  ex te rna l  combustion b o i l e r s .  Only o i l - f i r e d  e l ec -  

t r i c  u t i l i t y  b o i l e r s  were considered s ince ,  a s  s t a t e d  e a r l i e r ,  t h e i r  

emissions a re  the primary concern of t h i s  study. 

input  rate was ca lcu la ted  f o r  these  b o i l e r s  by assuming continuous 

operat ion.  Since some of these  b o i l e r s  were mul t ip le  fueled,  only 

those using more than 10 percent o i l  were used t o  formulate t h e  t ab le .  

This procedure was followed i n  order  t o  avoid including b o i l e r s  t h a t  

use o i l  only f o r  s t a r t u p  operat ions.  

r e s idua l  f u e l  o i l  consumptions f o r  the  b o i l e r s  used t o  develop Table 

3 are 12,235,000 bbls  and 363,735,000 bbls ,  respec t ive ly .  These 

f igu res  represent  48.7 and 78.7 percent of the  t o t a l  na t iona l  d i s t i l -  

la te  and r e s idua l  f u e l  o i l  consumption by e l e c t r i c  u t i l i t i e s  (Table l). 

I n  GCA'S est imat ion,  t h e  NEDS d a t a  presented i n  Table 3 provides a 
r ep resen ta t ive  c ross  sec t ion  of o i l - f i r e d  e l e c t r i c  u t i l i t y  b o i l e r s .  

In Table 4, the  t o t a l  na t iona l  f u e l  o i l  consumption by e l e c t r i c  u t i l -  

i t i e s  i s  apportioned using the  ca t egor i ca l  d i s t r i b u t i o n  of f u e l  o i l  

consumption presented in Table 3. 

The hourly hea t  

The t o t a l  annual d i s t i l l a t e  and 

I n  both Tables 3 and 4, t h e  b o i l e r  s i z e  category of >lo00 MM Btu/hr 

appears while t h i s  s i z e  category does not appear i n  t h e  NEDS. 
i n  t h i s  category a r e  usua l ly  r e l a t i v e l y  new power u t i l i t y  b o i l e r s .  

Due t o  technological  advances, t hese  new b o i l e r s  have more s o p h i s t i -  

cated combustion con t ro l s  than o lde r  b o i l e r s  t h a t  a r e  genera l ly  smaller 
i n  s ize .  It i s  GCA'S content ion t h a t  t h i s  add i t iona l  b o i l e r  s i z e  ca te -  

gory w i l l  add valuable d e t a i l  t o  t h i s  study, e spec ia l ly  when consider-  

ing t h e  formulation of p a r t i c u l a t e  emission f ac to r s .  

Boi le rs  

- 
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Boiler s i z e  
categories a 
(MM Btu/hr) 

1 
I 
I 

Annual d i s t i l l a t e  o i l  Annual residual o i l  
consumption consumption 
(1000 ga l )  (1000 ga l )  

Table 4. ESTIMATED ANNUAL ELECTRIC UTILITY FUEL O I L  
CONSUMPTION BY BOILER SIZE FOR THE U.S. 

< 10 0 
10 - 100 0 

0 
19,420 

100 - 1000 35,901 
> 1000 180,562 I 
< 10 
10 - 100 
100 - 1000 

> 1000 

I 3,456,828 
5,165,821 

3,168 0 
7,391 271,805 

579,699 4,214,222 
249,197 6,292,203 

MM Btu ~ - a 
9.4 hr 
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SECTION 111 

CONTROL OF PARTICULATE EMISSIONS 
FROM O I L  - FIRGD COMBUSTION SYSTEMS 

FUEL AND EMISSION CHARACTERIZATION 

Residual o i l  t y p i c a l l y  has an ash content  of 0.1 percent5 while b i tu -  

minous coa l ,  which i s  the most widely used of a l l  coa ls ,  may contain 
6 anywhere from 3 t o  20 percent  ash. 

ing  from e f f i c i e n t  coa l  combustion a r e  composed almost e n t i r e l y  of 

mineral  and me ta l l i c  oxides and a very small percentage of combustible 

carbonaceous mater ia l s .  

c i e n t ,  t he  r e s u l t i n g  p a r t i c u l a t e  emissions a r e  cons t i t u t ed  almost 

e n t i r e l y  of inorganic  ash which occurs a s  oxides,  chlor ides  o r  su l -  

f a t e s .  5 a 7  

Residual o i l  combustion products,  however, are more o f t en  found t o  

conta in  about 50 percent  by weight of sooty organic  mater ia l .  

quent ly  t h i s  mater ia l  cons i s t s  of unburned carbonaceous s o l i d s  which 

tend t o  be s t i cky  and h y g r o s c o p i ~ . ~  

arises from the  presence of c a l c i n a t i o n  products and condensed s u l f u r i c  

acid.  

The p a r t i c u l a t e  emissions resu l t -  

When r e s i d u a l  o i l  combustion is highly e f f i -  

A t yp ica l  r e s i d u a l  f u e l  o i l  ash ana lys i s  appears i n  Table 5. 

Fre- 

The l a t t e r  condi t ion probably 

On a mass b a s i s ,  the  p a r t i c u l a t e  emissions from an uncontrolled r e s idua l  

o i l - f i r e d  b o i l e r  are of t he  same order  as  those from a highly con- 

t r o l l e d  (> 95 percent removal e f f i c i ency)  coal-f i red bo i l e r .  Stack 

tests have ind ica ted  that 'between 85 and 90 weight percent  of the 

p a r t i c l e s  l i b e r a t e d  by uncontrolled r e s i d u a l  o i l  combustion a r e  less 

than 1 micron i n  diameter w h i l e  usua l ly  l e s s  than 10 percent of those 

16 
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l i b e r a t e d  by coa l  combustion a r e  i n  t h e  < 1 pm category. 5 9 9  

submicron p a r t i c l e s  a r e  highly e f f i c i e n t  l i g h t  s c a t t e r e r s ,  uncontrolled 

r e s idua l  o i l - f i r e d  b o i l e r s  o f t en  have high plume opac i t i e s .  The new 

source performance standards for  o i l - f i r e d  power p l a n t s  not  only r equ i r e  

t h a t  p a r t i c u l a t e  emissions do not  exceed 0.10 lb/MM B t u  but  also t h a t  

plume opaci ty  not be g rea t e r  than 20 percent.” 

s ion  l e v e l  excludes condensables. 

p a r t i c u l a t e  c o l l e c t i o n  equipment w i l l  be required f o r  new o i l - f i r e d  

u t i l i t y  b o i l e r s  t o  comply with p a r t i c u l a t e  emission regula t ions .  

ever ,  due t o  the submicron s i z e  of  t he  p a r t i c l e s  e m i t t e d ,  r e l a t i v e l y  

e f f i c i e n t  p a r t i c u l a t e  c o l l e c t i o n  equipment may be necessary i n  order  t o  

improve plume appearance. 

e f f i c i ency  c o l l e c t o r  reduces the chance of acid smut  discharge during 

sootblowing operations.” Smuts a r e  created by t h e  formation and/or 

c o l l e c t i o n  of s u l f u r i c  acid upon p a r t i c l e  depos i t s  which l i e  on fur-  

nace, d u c t ,  and s tack  l i n e r  surfaces .12 The s u l f u r i c  acid dew poin t  

of a s tack  gas increases  w i t h  increas ing  su l fu r  t r i ox ide  and, t o  a 

lesser ex ten t ,  increasing water vapor ~ 0 n c e n t r a t i o n . l ~  
speaking, the h ighe r  the s u l f u r  conten t  of a fue l  o i l ,  the  more SO3 
i s  formed, and subsequently, the higher t h e  s u l f u r i c  acid dew point .  

Because 

lhis p a r t i c u l a t e  emis- 
It i s  unl ike ly  t h a t  high e f f i c i ency  

How- 

As we l l  a s  reducing plume opaci ty ,  a high 

Generally 

14 

Smut buildup can occur on any cool b o i l e r  surface.  Pe r iod ica l ly ,  

patches of agglomerated ma te r i a l  become resuspended by v i b r a t i o n s  and 

aerodynamics and a r e  ca r r i ed  up t h e  s tack.  

l i n i n g s  a r e  insu la ted  i n  order  t o  keep t h e i r  temperature above the  ac id  

dew poin t .  Another acid smut reduct ion  technique i s  t o  pe r iod ica l ly  

wash the  s tack  i n t e r i o r .  

spray ring a t  t h e  top of the s t ack  and a d r a i n  a t  t he  bottom. l2 

add i t ion  t o  being responsible  f o r  t h e  formation of acid smut, SO3, 
upon emerging from a s tack ,  forms a f i n e  aerosol  mis t .and  subsequently 

causes increased plume opaci ty .  

Oftentimes, d u c t  and s t ack  

This i s  usual ly  accomplished by i n s t a l l i n g  a 

I n  
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Constituent 

Iron 
Aluminum 
Vanadium 
Silicon 
Nickel 
Magnesium 
Chromium 
Calcium 
Sodium 
Cobalt 
Titanium 
Molybdenum 
Lead 
Copper 
Silver 

Total 

Weight % 

22.99 
21.90 
19.60 
16.42 
11.86 
1.78 
1.37 
1.14 
1.00 
0.91 
0.55 
0.23 
0.17 
0.05 
0.03 

100.00 

- 

I 

EMISSION FACTORS FOR UNCONTROLLED OIL-FLRED 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 boiler size 

for uncontrolled effluents. For reasons mentioned in Section 11, 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. 
a single or the average of replicate boiler tests. 
averaged to avoid assigning too much weight to the performance of any 
one boiler. 
gression analysis was carried out. 
about the regression line represent the 50 percent confidence limits. 
The regression line may be described by the following equation: 

- 
... 

Each point represents either 
Replicate tests were 

In order to characterize these emission data, a linear're- 
In Figure 2, the envelope lines 

I 

1 
1 
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y = - (7.82 x lO-’)x + 0.0876 

where y = filterable particulate emissions (lb/MM Btu) 

x = boiler operating capacity ( M u ) .  

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. h u s  better regulation of excess air, flame temperature, 
atomizing conditions and gas mixing patterns leads to more efficient 
combustion and lower particulate emissions. 
modified to express emissions in terms of gallons of fuel consumed, 
rather than the equivalent Btu rate. 

I 

Equation (1) can be readily 

(2) y = - 0.0117 x + 13.1 

where y = filterable particulate emission factor (lb/1000 gal) 
x = boiler operating capacity ( M u ) .  

In Table 6, the emission factors predicted by Equation (2) for various 
size utility boilers are contrasted with those reported by other sources 
A fuel inpdboiler capacity conversion ratio of 9.4 hr : 1 was 
used in the preparation of this table. ‘’916 fie emission factors pre- 
sented in Table 6 are plotted in Figure 3 to facilitate visual compari- 
son. 
GCA is greater than the MRI value when considering boilers of less than 
270 Mu capacity and is greater than the EPA emission factor for boilers 
smaller than 430 M u .  The variable emission factor proposed here more 
accurately depicts the actual performance of uncontrolled residual oil- 
firing base loaded utility boilers. 

MM Btu 

As sham in Figure 3, the variable emission factor proposed by 

20 
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Figure 3 .  Filterable particulate emission factors vs .  capacity for 
uncontrolled residual o i l - f i red  base loaded u t i l i t y  
boi lers  
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PARTICULATE EMISSION CONTROL EQUIPMENT PERFORMANCE ON RESIDUAL 
OIL-FIRED UTILITY BOILERS 

The forthcoming d iscuss ion  d e a l s  mainly wi th  e l e c t r o s t a t i c  p r e c i p i t a t o r s  

s ince  there  a r e  not  a s  y e t  s u f f i c i e n t  da t a  on wet scrubbers  and f a b r i c  

f i l t e r s  t o  e s t a b l i s h  r e l i a b l e  performance parameters. A few comments 

a re  made with r e spec t  t o  i n e r t i a l  c o l l e c t o r s  because they s t i l l  remain 

i n  some systems t h a t  were designed i n i t i a l l y  f o r  coa l  combustion. 

I n e r t i a l  Dust Co l l ec to r s  

Centr i fugal  c o l l e c t o r s  (cyclones) a r e  not  e f f e c t i v e  i n  removing par t icu-  

l a t e s  smaller  than 5 microns i n  diameter.5 Since i t  i s  the  p a r t i c l e s  i n  

t h i s  s i z e  range t h a t  a r e  the  most e f f e c t i v e  l i g h t  s c a t t e r e r s ,  a cyclone 

w i l l  not appreciably reduce t h e  opac i ty  of a plume from a r e s idua l  o i l -  

f i r e d  bo i l e r .  Though i n e f f e c t i v e  on f i n e  p a r t i c l e s ,  cyclones may be 

e f f e c t i v e  i n  reducing emissions of agglomerated ac id  smut. 
. 12 

Cyclones genera l ly  have low maintenance and opera t iona l  c o s t s ,  but f o r  

o i l - f i r e d  b o i l e r s ,  t h e i r  l imi t ed  removal e f f i c i ency  may not  economically 

j u s t i f y  t h e  increased pressure  loss. It appears t h a t  cyclones would not 

be e f f e c t i v e  i n  the  reduct ion  of  plume o p a c i t i e s  f o r  subsequent compli- 

ance with f e d e r a l  r egu la t ions .  

Fabric  F i l t e r s  

Though r e l a t i v e l y  un t r i ed ,  baghouses have been shown t o  be e f f e c t i v e  i n  

t h e  reduct ion  of p a r t i c u l a t e  emissions from o i l - f i r e d  bo i l e r s .  As dem- 

ons t ra ted  by the  t e s t s  conducted by Southern Ca l i fo rn ia  Edison, a bag- 

house i s  capable of v i r t u a l l y  e l imina t ing  v i s i b l e  emissions from an 

o i l - f i r e d  u t i l i t y  bo i l e r .  They reported a p a r t i c u l a t e  removal e f f i -  

ciency of 88 percent  with moderate reduct ions .of  s u l f u r  oxides a l s o  

noted. 18 
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Though e f f e c t i v e  f o r  p a r t i c u l a t e  emission con t ro l ,  baghouses tend t o  

be troublesome from the  s tandpoint  of operat ion and maintenance. The 

two major drawbacks a r e  high pressure drop and bag f a i l u r e .  Baghouses 

have a moderately high pressure drop t h a t  increases  as  the  f i l t e r  cake 

bui lds  up. This necess i t a t e s  per iodic  cleaning i n  order  t o  remove the  

f i l t e r  cake and thus reduce the  pressure drop. Bag f a i l u r e s ,  which a r e  

by far the  worst problem, a re  of tent imes caused by bag co l lapse  during 

cleaning operat ions.  Wire cages, which prevent bags from col laps ing  

completely, a r e  sometimes employed t o  prevent t h i s  type of f a i l u r e .  

Corrosion of c l o t h  bags due t o  t h e  a c i d i t y  of the f i l t e r  cake is another 

cause of bag f a i l u r e .  This problem is e spec ia l ly  prevalent when temper- 

a tu re s  a r e  below the  s u l f u r i c  ac id  dew point." 

have'been employed i n  an attempt t o  reduce the  hygroscopici ty  of the  

f i l t e r  cake, giving it b e t t e r  r e l e a s i n g  q u a l i t i e s ,  and t o  l e s sen  the  

a c i d i t y  of the  cake, thereby reducing the  r a t e  of c l o t h  bag de te r io ra -  

t i on .  

Alkaline add i t ives  

18 

Scrubbers 

The use of scrubbers t o  remove SO 

area  of considerable research and debate.  Boston Edison has r ecen t ly  

completed a s e r i e s  of scrubber performance tests on Mystic S t a t i o n  

Boiler  No. 6. Resul ts  of these  tests,  which were performed on a r e s idua l  

from b o i l e r  s tack  gases has  been an 2 

o i l - f i r i n g  base loaded u t i l i t y  b o i l e r , a r e  presented i n  Table 7.' A con- 

MM Btu'hr was used i n  the development of t h i s  vers ion  f a c t o r  of 9.4 Mw 
t ab le .  

A magnesium oxide addi t ive  was used with t h e  o i l  i n  order  t o  reduce 

s lagging and corrosion of b o i l e r  h e a t  t r a n s f e r  sur faces .  This explains  

t h e  high i n l e t  and o u t l e t  p a r t i c u l a t e  loadings.  In  tests 1, 2 ,  and 4 ,  

some of the s tack  gas bypassed t h e  scrubber i n  order not t o  exceed t h e  

con t ro l  device's design capaci ty .  
20 rece iv ing  the  system's f u l l  flow. 

In tes t  3, however, the scrubber was 

1 
I 
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.Table 7.  BOSTON EDISON SCRUBBER TEST - 
$0 MYSTIC STATION BOILER NO. 6 

Performance f a c t o r  

Sul fur  content of f u e l  ( w t  %) 

Ash content of f u e l  (wt %) 

Boiler operating capaci ty  (Mw) 

I n l e t  p a r t i c u l a t e  loading 

Outlet  p a r t i c u l a t e  loading 

Pa r t i cu la t e  removal e f f i c i ency  

Sulfur  dioxide removal e f f i c i ency  

(lb/MM Btu) 

(lb/MM Btu) 

( w t  %) 

(wt %) 

1 

2.15 

0.09 

146 .O 
0.277 

0.085 

69.5 

92.7 

Test 

2 

2.10 

0.10 

144 .O 
0.171 

0.085 

50.5 

91.4 

umber 

3 

1.89 

0.07 

151 .O 
0.281 

0.106 

62.4 

93.4 

4 

2.04 

0.07 

0.059 

45 :7 

89.2 

During these t e s t s ,  a magnesium oxide scrubbing so lu t ion  was used t o  

remove SO2 and SO3, respect ively,  by forming MgS03 and MgS04. It 

was found t h a t  a 4-inch pressure drop w a s  s u f f i c i e n t  t o  s a t i s f a c t o r i l y  

remove s u l f u r  oxides. I n  order  t o  r e a l i z e  higher p a r t i c u l a t e  emission 

reduction, t he  pressure drop would have t o  be increased. 

Although scrubbers can be used success fu l ly  t o  remove p a r t i c u l a t e  emis- 

s ions  from o i l - f i r e d  b o i l e r s ,  some p o t e n t i a l  problems must be faced and 

r e c t i f i e d .  Since t h e  s t ack  gas i s  brought i n t o  contac t  with a cooler  

l i q u i d  medium, the gas temperature i s  lowered and subsequently i t s  buoy- 

ancy i s  reduced. This r e s t r i c t s  upper atmosphere d i f fus ion ,  thereby 

increasing ground l e v e l  concentration. Moisture from the  scrubbing solu- 

t i o n  is picked up by t h e  s t ack  gas and r e s u l t s  i n  a v i s i b l e  water vapor 

plume t h a t  eventual ly  d i s s i p a t e s .  This v i s i b l e  plume, though innocuous, 

o f t en  causes public concern. It seems t h a t  i n  order t o  r e a l i z e  e f f i c i e n t  

p a r t i c u l a t e  removal, high pressure drops through t h e  scrubber must be 

maintained. This i n  t u r n  i s  responsible  f o r  high opera t iona l  costs .  

F ina l ly ,  proper treatment of t h e  scrubber so lu t ion  presents  a very r e a l  

eco logica l  and economic problem. 21 

25 
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E l e c t r o s t a t i c  P r e c i p i t a t o r s  

E l e c t r o s t a t i c  p r e c i p i t a t o r s  are t h e  most commonly used p a r t i c u l a t e  

emission con t ro l  devices on o i l - f i r e d  b o i l e r s .  This can be a t t r i b u t e d  

p a r t l y  t o  t h e  f a c t  t h a t  many u t i l i t y  b o i l e r s  t h a t  were a t  one t i m e  

burning coa l  and abat ing f l y  ash emissions with an  e l e c t r o s t a t i c  prec i -  

p i t a t o r  have s ince  converted t o  f u e l  o i l  and kept t h e i r  p r e c i p i t a t o r s  

i n  operat ion.  I n  order  f o r  t hese  p rec ip i t a to r s  t o  opera te  e f f i c i e n t l y ,  

c e r t a i n  modif icat ions mst be made. 

Figure 4 presents  the  p a r t i c u l a t e  emission reductions t h a t  are typ- 

i c a l l y  obtained on o i l - f i r e d  b o i l e r s  employing e l e c t r o s t a t i c  prec ip i -  

t a t o r s  without addi t ives .  It i s  obvious t h a t  the  p a r t i c u l a t e  emis- 

s i o n  values f o r  t h e  48 Mw u n i t  a r e  q u i t e  high, probably due t o  im-  

proper b o i l e r  operat ion.  

heavi ly  weighted. 

2 is  43 .5  percent.  

p rec ip i t a to r s  designed e s p e c i a l l y  f o r  o i l  s ince  some of the  u n i t s  i n  

the  p lo t  were designed f o r  coa l  f i r i n g  and were never modified. 

As a r e s u l t ,  these  points have not  been 

The average e f f i c i e n c y  of the  u n i t s  shown i n  Figure 

This f i g u r e  i s  lower than would be expected f o r  

In  Figure 5 the  cumulative par t ic le  s i z e  d i s t r i b u t i o n  of the  e x i t  gas 

from an e l e c t r o s t a t i c  p r e c i p i t a t o r  i s  presented. This  p r e c i p i t a t o r  

was being used on a 365 Mw o i l - f i r e d  u t i l i t y  bo i l e r .  

diameter was about 0.2 microns and approximately 93 percent of t h e  

p a r t i c l e s  were less than 1 micron i n  diameter. 

The count median 

22 

When designing an  e l e c t r o s t a t i c  p r e c i p i t a t o r  t o  con t ro l  the  p a r t i c u l a t e  

emissions from o i l - f i r e d  b o i l e r s ,  the  hygroscopicity,  r e s i s t i v i t y  and 

s i ze  d i s t r i b u t i o n  of the  p a r t i c u l a t e  must be considered. 

s cop ic i ty ,  so l id s  bui ld  up i n  hoppers, on high tension e l ec t rodes ,  in-  

s u l a t o r s  and c o l l e c t i n g  c u r t a i n s  a r e  a problem. 

allowed t o  contac t  cool  su r faces ,  absorb moisture,  becoming d i f f i c u l t  

t o  remove and cause a rc ing  and shor t s .  

Due t o  hygro- 

'Ihese s o l i d s ,  when 

lhese problems can be remedied 
- 
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by keeping deposition surfaces hot and preventing the solids from 
"setting up." 
preheater, ash buildup on high tension wires and collection curtains 
is minimized. 
of hot air ventilation. 
by heating the wall surfaces or using a wet bottom flushout system. 

By locating the precipitator on the hot side of the air 

Buildup on insulator bushings can be avoided by the use 
Solids in hoppers can be kept mobile either 

With respect to particulate emissions 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 resistivity of the partic- 
ulate matter emitted from oil-fired boilers is relatively lower, usually 
run on the order of 10 
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 reen- 
trained in the gas stream. 
liberated by oil combustion make efficient collection by electrostatic 
precipitation difficult. 
employment of high voltage, large collection curtains, lower superficial 
gas velocity and high retention times. 

In some cases, these solids 7 5,23 to lo9 ohm-cm. 

The extremely fine size of the particles 

Collection efficiency is improved through the 

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 matter can be abated by optimizing rapping frequency and in- 
tensity. 
of the collected particulate matter can be eliminated with a fly ash 
injection system that keeps hot gas going through the hopper. 
lem of solids combustion can also be combatted by using steam quenching 

Problems associated with the hygroscopicity and combustibility 

The prob- 
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5 devices t h a t  a r e  ac t iva ted  by temperature. 

eliminated by loca t ing  the  p r e c i p i t a t o r  on the ho t  s i d e  of the  a i r  

preheater and by heat ing p r e c i p i t a t o r  surfaces .  

Corrosion problems can be 

COAL TO OIL CONVERSIONS 

As mentioned previously, the  p a r t i c u l a t e  emissions from an uncontrolled 

o i l - f i r e d  b o i l e r  a r e  comparable t o  those of a highly cont ro l led  coal-  

f i r e d  b o i l e r .  

w e l l  on an o i l - f i r e d  b o i l e r  as on a coa l - f i red ,  c e r t a i n  modifications 

a re  usua l ly  necessary. Often times, even a f t e r  modification, perfor-  

mance cannot be dupl icated.  

I n  order fo r  a p a r t i c u l a t e  cont ro l  device t o  perform as  

Table 8 presents some representa t ive  pa r t i cu la t e  emission f a c t o r s  f o r  

la rge  uncontrolled coa l - f i red  b o i l e r s  t h a t  w i l l  be used throughout t h i s  

discussion. 

heating value f o r  bituminous coa l  were used i n  the  development of t h i s  

tab le .  

b o i l e r s  r e t a i n  a higher percentage of t h e  ash  i n  t h e i r  furnaces and sub- 

sequently have l ave r  p a r t i c u l a t e  emissions. 

reduct ion is due t o  the  contact  between the molted s l a g  on b o i l e r  wal ls  

and the  s o l i d s  entrained i n  f l u e  gas. 

be composed of smaller p a r t i c l e s  s ince  it i s - the  l a r g e r  p a r t i c l e s  t h a t  

s e t t l e  out i n  t h e  furnace. 

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

Due t o  the  t angen t i a l  f i r i n g  pa t te rn ,  cyclone pulverized coa l  

This p a r t i c u l a t e  emission 

These emissions, however, tend t o  

I n e r t i a l  Col lectors  

The p a r t i c u l a t e  emission cont ro l  e f f i c i ency  of a nmlticyclone is de- 

pendent upon the s i z e  and dens i ty  of the  pa r t i cu la t e s  i n  the  gas stream. 

On coal - f i red  cyclone furnaces the  e f f ic iency  usua l ly  ranges from 30 

t o  40 percent,  while on a pulverized u n i t  it ranges from 65 t o  75 per- 

cent.” These range d i f fe rences  can be a t t r i bu ted  t o  the f a c t  t h a t  

30 



the  mean p a r t i c l e  diameter of the emissions from a cyclone furnace i s  

usua l ly  lower than t h a t  of  the emissions from a pulver ized u n i t .  

Table 8. PARTICULATE EMISSION FACTORS FOR UNCONTROLLED2~ITUMINOUS 
COAL-FIRED BOILERS GREATER THAN 100 MM Btu/hr 

P a r t i c u l a t e  emis s ions  P a r t i c u l a t e  emissions 
Boi le r  type ( lb / ton  of coa l  burned) (lb/MM Btu input)'  

General pulverized 

Cyclone pulverized 

16Ab 

2 A  

6.66 
0.88 

~~ 

a 

bThe l e t t e r  A represents  the  ash content  of the coa l .  

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

When these  multi-cyclone e f f i c i e n c i e s  are superimposed upon the  coa l  

emission f a c t o r s  i n  Table 8, p a r t i c u l a t e  emission ranges of 1.66 t o  

2.33 IblMM Btu f o r  pulverized u n i t s  and 0.528 t o  0.616 lb/MM Btu f o r  

cyclone furnaces are obtained. The e f f i c i ency  of cyclones on o i l - f i r e d  

b o i l e r s ,  however, is  appreciably lower than on coa l - f i r ed  b o i l e r s  s ince  

t h e  p a r t i c u l a t e  emissions from a properly operated o i l - f i r e d  b o i l e r  has 

a smaller  mean p a r t i c l e  diameter. GCA est imates  t h a t  a maximum e f f i -  

ciency of 40 percent might be o b t a h e d  for -smal l -o i l - f i red-boi le rs  and 
- - _  -- --- 

L_- - 
t h a t  t h i s  e f f i c i ency  would decrease a s  the  boi ler-s ize- increased.  

Though they a re  not e f f i c i e n t  i n  the  reduct ion of f i n e  p a r t i c u l a t e  

emissions,  mechanical c o l l e c t o r s  could he lp  reduce ac id  smut emissions 

s ince  smut is  composed of agglomerated s o l i d s  and is  usua l ly  l a rge  i n  

diameter. When converting from coa l  t o  o i l  on a system a l ready  employ- 

emissions might ing a cen t r i fuga l  c o l l e c t o r ,  the  reduct ion  of acid-smut l 
I j u s t i f y  keeping t h e  c o l l e c t o r  i n  opera t ion  i f  i t s  r e s i s t a n c e  i s  l e s s  

than a few inches of water.  

I 
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I f  the  temperature of the  combustion gas  i s  below the SO3 dew po in t ,  

the  hygroscopicity and corrosiveness  of the o i l  ash can cause c e n t r i -  

fuga l  c o l l e c t o r  opera t iona l  and maintenance problems. 

cement-like ash on tube and hopper sur faces  r e s u l t s  i n  increased pres- 

sure drop, a s  w e l l  a s  cor ros ion  and cleaning problems. These problems 

can be s a t i s f a c t o r i l y  eliminated by f requent  washing of the c o l l e c t o r  and 

o i l  ash hopper. Tube sur faces  could be kept  c lean  by loca t ing  the col-  

l e c t o r  on the h o t  s i d e  of the a i r  preheater .  

these  sur faces  above the  SO3 dew po in t .  

formed and pe r iod ica l ly  l i b e r a t e d  from a i r  preheater  sur faces  would 

n o t  be cont ro l led .  

Buildup of 

This w i l l  usual ly  keep 

However, the ac id  smut t h a t  i s  

Fabric  F i l t e r s  

Emission t e s t s  have been r ecen t ly  performed on two 80 Mw low s u l f u r  - 
-4coal-fired b o i l e r s  using f a b r i c  f i l t e r s .  These f i l t e r s  

operated a t  g rea t e r  than 99 percent p a r t i c u l a t e  removal e f f i c i ency  

having a maximum o u t l e t  loading of 0.047 lb/MM Btu f i r e d .  

drop of approximately 3.0 inches a t  H 0 was experienced and no major 

maintenance o r  opera t iona l  problems were noted. 

A pressure 

24 2 

A s  mentioned i n  an earlier s e c t i o n  of t h i s  t e x t ,  f a b r i c  f i l t e r s  whose 

performance was enhanced with a l k a l i n e  addi t ives  were used t o  con t ro l  

emissions from a 320 Mw r e s idua l  o i l - f i r i n g  bo i l e r .  These f i l t e r s  

operated a t  88 percent p a r t i c u l a t e  removal e f f i c i ency  and SO reduc- 

t i o n s  were a l s o  noted. As a r e s u l t  of t h i s  reduct ion of p a r t i c u l a t e  

and SO emissions, plume opac i ty  was v i r t u a l l y  e l iminated.  An alka-  

l i n e  add i t ive  was used t o  n e u t r a l i z e  SO i n  the  f l u e  gas ,  reduce t h e  

hydroscopici ty  of the  p a r t i c u l a t e s  and t o  improve the  c l e a n a b i l i t y  of 

t h e  bags. Pressure drops a s  high as 9 .5  inches of H20  and de te r io ra -  

t i o n  of the  bags due t o  t h e  a c i d i c  na ture  of the s o l i d s  were encountered. 

3 

3 

3 
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The r e s u l t s  of the two aforementioned t e s t  programs a s  we l l  a s  those of 

o ther   researcher^^^ ind ica t e  t h a t  f o r  f a b r i c  f i l t e r s  the  magnitude of the 

average o u t l e t  pa r t i cu la t e  concent ra t ion  i s  near ly  independent of the  

i n l e t  dus t  concentrat ion.  Thus, an  order  of magnitude r ise  i n  the  in-  

l e t  loading may r e s u l t  i n  a corresponding rise i n  c o l l e c t i o n  e f f i c i e n c y  

but  a neg l ig ib l e  change i n  the  mass o r  s i z e  of the  discharged p a r t i c l e s .  25 

In regard t o  coa l - to -o i l  conversions,  an  appreciable  change i n  t h e  par- 

t i c u l a t e  concentrat ion a t  the o u t l e t  of the baghouse would not  be ex- 

pected. However, due t o  the hygroscopic nature  of the o i l  ash and the 

corrosiveness  of acid smut, ope ra t iona l  and maintenance problems could 

be encountered. 

due t o  these troublesome s o l i d s  can be reduced through the use of an  

a l k a l i n e  addi t ive .  Increased pressure  drop a s  a r e s u l t  of t h i s  f u e l  

conversion would r e s u l t  i n  increased opera t iona l  cos ts .  

D i f f i c u l t i e s  wi th  bag cleaning and bag d e t e r i o r a t i o n  

Scrubbers 

When applied t o  170 Mw bituminous coa l - f i r ed  b o i l e r s ,  scrubbers  have 

demonstrated the  c a p a b i l i t y  of removing an average of 96 percent of 

the  p a r t i c u l a t e  and subsequently reducing emissions t o  0.050 lb/MM 

Btu f i red.26 A pressure drop of 20 in .  %O was experienced, however. 

The r e s u l t s  of a recent  scrubber t es t  on a 155 Mw r e s idua l  o i l - f i r e d  

b o i l e r  showed t h a t  when operat ing a t  a ;Ginch-~pressure drop) par t icu-  

la te  removal e f f i c i e n c i e s  averaging157 percent could be achieved. 

Since t h i s  scrubber was i n s t a l l e d  pr imar i ly  t o  remove s u l f u r  oxides,  

a high pressure drop was not necessary.  I f  t h i s  pressure drop were in-  

creased, a corresponding increase i n  removal e f f i c i ency  could be ex- 

pected. 

. 
20 

~. r' ~- 

L. 

E l e c t r o s t a t i c  P r e c i p i t a t o r s  

When applied t o  cyclone-f i red,  coal-burning b o i l e r s ,  e l e c t r o s t a t i c  pre- 

c i p i t a t o r s  have demonstrated p a r t i c u l a t e  c o l l e c t i o n  e f f i c i e n c i e s  
I 
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ranging from 65 t o  99.5 percent .  

t r o l  e f f i c i e n c i e s  a re  usua l ly  between 80 and 99.5 percent .  '' When a 
coa l - f i red  b o i l e r  with an e l e c t r o s t a t i c  p r e c i p i t a t o r  i s  converted t o  

oil with the  p r e c i p i t a t o r  unmodified, p a r t i c u l a t e  con t ro l  e f f i c i ency  

w i l l  usua l ly  f a l l  i n  the  45 percent range. 

modified, however 

r e a l i ~ e d . ~  

r e c t i f y i n g  modif icat ions t h a t  should be considered when converting 

from coal  t o  o i l - f i r i n g  on p r e c i p i t a t o r  cont ro l led  b o i l e r s .  

On genera l  pulver ized coa l  b o i l e r s ,  con- 

7 

~~ -- . 
I f  the  p r e c i p i t a t o r  is 

. . . 
~ . - - ~~~. ~. - 

con t ro l  e f f ic . ienc ies  approaching 90 percent can be 

The following d iscuss ion  dea l s  with the problems and some 
- ---L-- 

. 
u 

Compared t o  coa l  f l y  ash,  the s o l i d s  emitted by f u e l  o i l  combustion 

a r e  more hygroscopic, have a high combustible content and have a lower 

r e s i s t i v i t y .  'Ihe lower r e s i s t i v i t y  of t h e  p a r t i c u l a t e  mat ter  from o i l  

f i r i n g  i s  due t o  the  highly conductive na ture  of t h e  carbonaceous por- 

t i o n  of  these  s o l i d s .  Compared t o  t h e  e f f e c t  of these conductive car-  

bonaceous s o l i d s ,  s u l f u r  content  of t h e  o i l  and s tack  gas  temperature 

have an  i n s i g n i f i c a n t  e f f e c t  on t h e  r e s i s t i v i t y  of these  s o l i d s .  

O l  - (  
%e s o l i d s  l i be ra t ed  by eoal combustion a r e  much smaller than those 

from coal  combustion. As a r e s u l t ,  c o l l e c t i o n  e f f i c i ency  usua l ly  drops 

considerably upon conversion from coa l  t o  o i l .  
improved by enlarging c o l l e c t i o n  c u r t a i n s ,  employing higher vol tages ,  

lowering s u p e r f i c i a l  gas v e l o c i t y  and increas ing  r e t e n t i o n  time. 

This e f f i c i ency  can be 

5 

Ihe hygroscopicity of the  p a r t i c u l a t e  mat te r  causes a s o l i d s  buildup 

on high tens ion  e l ec t rodes ,  i n s u l a t o r s ,  and c o l l e c t i o n  cu r t a ins .  When 

allowed t o  cool ,  these  s o l i d s  absorb moisture,  become d i f f i c u l t  t o  re- 
move and cause arcing and shor t s .  By l oca t ing  t h e  p r e c i p i t a t o r  on t h e  

hot  s ide  of t h e  a i r  p rehea ter ,  s o l i d s  bu i ld  up on high tens ion  wires 

and c o l l e c t i o n  cu r t a ins  a r e  minimized. 

can be prevented by using hot  a i r  v e n t i l a t i o n .  Hopper plugging can be 

avoided by e i t h e r  heat ing the hopper o r  employing a w e t  bottom system. 

Fly ash r e i n j e c t i o n  is a l s o  an  a l t e r n a t i v e  so lu t ion .  

Buildup on i n s u l a t o r  bushings 

5 
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The high combustible content of t h e  p a r t i c u l a t e s  r e s u l t i n g  from o i l  

f i r i n g  presents  a p o t e n t i a l  f i r e  hazard i n  co l l ec t ion  hoppers. 

problem can be remedied by using steam quenching devices t h a t  a r e  a c t i -  

vated by temperature sensors o r  by using f l y  ash r e i n j e c t i o n .  

s ion  problems associated with high s u l f u r i c  acid dew poin t  temperatures 

can be reduced by loca t ing  t h e  p r e c i p i t a t o r  upstream of t he  a i r  pre- 

hea te r .  

by optimizing rapping i n t e n s i t y  and frequency a s  w e l l  a s  employing a 

low s u p e r f i c i a l  gas ve loc i ty .  

lhis 

Corro- 

Reentrainment of co l l ec t ed  p a r t i c u l a t e  matter can be reduced 

5 

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

Stack sampling da t a  from power p l an t  b o i l e r s  operat ing a t  a capacity 

g rea t e r  than o r  equal t o  70 Mw were used t o  e s t a b l i s h  r e l a t ionsh ips  

between p a r t i c u l a t e  emission rates and f u e l  ash content as  w e l l  a s  

between p a r t i c u l a t e  emission r a t e  and f u e l  su l fu r .  This bo i l e r  s i z e  

range was chosen i n  order t o  l i m i t  t he  v a r i a b i l i t y  of t he  da t a  due t o  
improper operat ion o r  d i f fe rences  i n  operat ing methods. Test data 

from b o i l e r s  using addi t ives  were not  included because they represented 

a d i f f e r e n t  t e s t  population. 

A graphing of p a r t i c u l a t e  emissions versus  f u e l  su l fu r  conten t ,  

6, shows too  broad a po in t  s c a t t e r  t o  propose any r e l a t ionsh ip .  

It has been postulated t h a t  increased su l fu r  can lead t o  increased SO3 
adsorpt ion,  and hence a g r e a t e r  mass accumulation, on sampling f i l t e r s .  

'Ihe n e t  r e s u l t  would appear a s  an  increased s o l i d s  emission r a t e .  

I 
I 

no p o s i t i v e  correlation-between-fuel-ash-content -- - _ -  
emissions. This i s  due t o  the f a c t  t h a t  genera l ly  the 

the p a r t i c u l a t e  mat ter  emitted from o i l - f i r e d  b o i l e r s  is 
composed of combustible organic ma te r i a l  r a t h e r  than mineral  ash. 

Su l f a t e s  (measured as SOq) have been noted t o  c o n s t i t u t e  approximately 

35 percent  of the f i l t e r a b l e  s o l i d s  generated by the  combustion of h igh  

1 35 
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. .  

s u l f u r  (> 2.5 percent) r e s idua l  o i l  i n  la rge  u t i l i t y  b o i l e r s  using 

magnesium oxide f u e l  addi t ives .  22'27 

t i v e ,  most of the  s u l f a t e  was present  as  MgS04 with a small f r a c t i o n  

occurr ing as H SO ( s u l f u r i c  ac id ) .  I f  no addi t ive  were used, the  2 4  
t o t a l  s u l f a t e  ca tch  would probably decrease due t o  SO 

f i l t e r  and the  s u l f a t e  t h a t  was captured would probably occur as s u l -  

f u r i c  acid.  

A s  a r e s u l t  of using t h i s  addi- 

pene t ra t ing  t h e  3 

Since t h e  increase i n  f i l t e r a b l e  p a r t i c u l a t e  emissions a s  t h e  s u l f u r  

content  of an o i l  increases  is  p a r t l y  due t o  the  formation of s u l f a t e s ,  

some s u l f u r  t r i o x i d e  and s u l f a t e  removal w i l l  be r ea l i zed  when par t icu-  

la te  con t ro l  equipment i s  used. This  has been demonstrated during 

t h e  use of f a b r i c  f i l t e r s  on an o i l - f i r e d  boi ler .18 

general  statement t h a t  the  removal of s u l f u r  t r i o x i d e  and s u l f a t e s  

emitted from o i l - f i r e d  systems is roughly propor t iona l  t o  t h e  removal of 
p a r t i c u l a t e s  from t h e  f l u e  gas. I f  a p iece  of con t ro l  equipment i s  located 

on t h e  cold end of the  a i r  p rehea ter ,  t h i s  removal w i l l  be  fu r the r  en- 

hanced through t h e  reduction of a c i d  smut emissions. 

One might make a 

I n  add i t ion  t o  cont r ibu t ing  t o  mineral  s u l f a t e  formation, s u l f u r  t r i -  

oxide forms s u l f u r i c  ac id  mfst which i s  p a r t i a l l y  respons ib le  for plume 

opaci ty .  Table 9 presents the  r e s u l t s  of some plume opac i ty  tes ts  con- 

ducted on a 370 Kw b o i l e r  using add i t ives  and an i n e r t i a l  co l l ec to r .  22 It 

can be r ead i ly  seen t h a t  as the  s u l f u r  content of t h e  f u e l  increases ,  par- 

t i c u l a t e  emissions,  s u l f u r  t r i o x i d e  concentrat ion and plume opaci ty  

a l s o  increase.  The increase i n  plume opaci ty  can be a t t r i b u t e d  t o  

the  increase  i n  emissions of both p a r t i c u l a t e  and s u l f u r i c  acid m i s t .  

Reports t h a t  mechanical c o l l e c t o r s  do not not iceably reduce plume 

opac i ty  are e n t i r e l y  cons i s t en t  wi th  the  i n a b i l i t y  of t h e s e  devices 

t o  e f f i c i e n t l y  remove the  submicron s ized  p a r t i c l e s  t h a t  cause plume 
18 opaci ty .  22 Both e l e c t r o s t a t i c  p r e c i p i t a t o r s  22 and f a b r i c  f i l t e r s  

have been shown capable of v i r t u a l l y  e l iminat ing t h e  plume opac i ty  

38 
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Sulfur  content  
of f u e l  o i l  

f i r e d  
(% w t )  

0.48 

0.70 

1.05 

2.70 

r e s u l t i n g  from res idua l  o i l  combustion. I f  the gas temperature i s  

allowed t o  f a l l  below the dew po in t ,  high su l fu r  o i l  can cause damage 

t o  baghouse s t r u c t u r e s  and f i l t e r  media. 

su l fu r  content  of an o i l  i nc reases ,  t h e  conduct ivi ty  of the par t icu-  

l a t e  emissions increases, t hus  improving e l e c t r o s t a t i c  p r e c i p i t a t o r  

performance.28 

l a t e s  and s u l f u r  oxides,  scrubbers seem capable of s a t i s f a c t o r i l y  

reducing plume opacity.  

ing of s t ack  gas ,  however, c r e a t e s  a low l eve l  vapor b i l low of reduced 

buoyancy t h a t  can generate  pub l i c  complaints desp i t e  the f a c t  t h a t  i t  

w i l l  eventual ly  d i s s i p a t e .  

On the o ther  hand, a s  the  

Based upon t h e i r  p o t e n t i a l  f o r  removing both par t icu-  

me vapor iza t ion  of scrubber water and cool- 

21 

so2 
emissions 

(lb/MM Btu)  

0.452 

0.642. 

0.848 

2.577 

Table 9. AVERAGED RESULTS OF PLUME OPACITY TESTS CONDUCTED ON A 
370 Mw BASE LQADED RESIDUAL OIL-FIRING POWER PUNT 
BOILER USING  go ADDITIVES AND A MECHANICAL COLIECIOR~~ 

P a r t i c u l a t e  
emissions 

(lb/MM Btu) 

0.048 

0.046 

0.052 

0.080 

so3 
(PPd  

concent ra t ion  

3.09 

4.83 

5.92 

14.90 

Plume 
opaci ty  

(%I 
2.5 

3.3 

7 .1  
36.9 

ADDITIVES AND THEIR IMPACT ON PARTICULATE EMISSION 
CONTROL EQUIPMENT PERFORMANCE 

The foul ing and corrosion of high temperature waterwall ,  superheater 

and r ehea te r  sur faces  along w i t h  low temperature gas  passes  and a i r  

hea te rs  i s  a common problem when f i r i n g  r e s idua l  o i l .  

calcium add i t ives  a r e  commonly used t o  imprwe b o i l e r  hea t  t r a n s f e r  

c h a r a c t e r i s t i c s  and reduce co r ros ion  problems. 

p rwed  by t h e  conversion of low melting poin t  ash components which 

adhere t o  hea t  exchanger sur faces  i n t o  high melting p o i n t ,  powdery 

Magnesium and 

Heat t r a n s f e r  i s  im- 

1 39 
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compounds t h a t  can be e a s i l y  removed by ~ o o t b l o w i n g . ~ ~  

corrosion i s  caused by SO3 r e a c t i n g  with water i n  t h e  vapor phase t o  

form s u l f u r i c  acid m i s t  which condenses on b o i l e r  su r f aces  whose tem- 

pera tures  a re  below the  dew poin t .  

coupling with s u l f u r  ' t r i ox ide  t o  form sulfates .29 

t i o n  of t h e  s u l f u r  t r i o x i d e  concent ra t ion  a l s o  reduces the s u l f u r i c  

acid dew po in t  of the  f l u e  gas  such t h a t  less  H2S04 w i l l  condense on 

hea t  t r a n s f e r  surfaces .  

Low temperature 

Additives reduce t h i s  cor ros ion  by 

Concurrently,  reduc- 

30 

/-By v i r t u e  of the  f a c t  t h a t  they a r e  ash-forming substances,  f u e l  addi- 

t i v e s  increase t h e  p a r t i c u l a t e  emissions from o i l - f i r e d  b o i l e r s .  I n  

order  t o  estimate the  contr ' ibution of f u e l  a d d i t i v e s  t o  t o t a l  p a r t i c u l a t e  

emissions, the  following s impl i fy ing  assumptions have been made: (1) 
150,000 Btu/gal o i l ,  8 l b / g a l  o i l ,  0.1 percent ash i n  o i l ,  200 ppm ! 

/ Vanadium i n  o i l ,  (2) magnesium oxide add i t ive  dosing r a t e  of 1.5 pounds 

~ of magnesium p e r  pound of vanadium, (3) upon combustion, the add i t ive  

~ 

1 

i s  completely converted t o  magnesium s u l f a t e ,  (4) h a l f  of t h e  s o l i d s  

l i be ra t ed  v i a  combustion ( including MgSO ) become p a r t i c u l a t e  emissions 

while the  remaining h a l f  a r e  re ta ined  i n  the  bo i l e r ,  and (5) excluding 

the  cont r ibu t ion  made by the  MgS04, equal  masses of combustible s o l i d s  

and ash s o l i d s  are l ibe ra t ed  v i a  combustion. Based upon these simplifying 

4 
is 

i 

1 
' assumptions w e  f ind  t h a t  p a r t i c u l a t e  emissions increased from 0.053 I 

lb/MM Btu t o  0.094 lb/MM Btu due t o  t h e  use of a magnesium oxide add i t ive  

and t h a t  t h i s  add i t ive  w a s  respons ib le  f o r  43.6 percent of the  t o t a l  

p a r t i c u l a t e  emissions. 

I f  one assumes t h a t  the e f f i c i e n c i e s  of t h e  e l e c t r o s t a t i c  p rec ip i t a -  

t o r s  used t o  con t ro l  p a r t i c u l a t e  emissions from o i l - f i r e d  systems are 

e s s e n t i a l l y  constant ,  the  higher  e f f l u e n t  concentrat ions (roughly 

twice as la rge)  shown in .F igure  8 f o r  systems using add i t ives  are 

r e a d i l y  explained. The da ta  i n  Figure 8 f u r t h e r  suggests  t h a t  the use 

of an a l k a l i n e  add i t ive  does not  a l t e r  s i g n i f i c a n t l y  e i t h e r  t h e  resis- 

t i v i t y  o r  t h e  s i z e  proper t ies  of  t h e  prec ip i ta ted  dus t .  

40 
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PARTICULATE EMISSIONS FROM OIL-FIRED BOILERS DURING 
SOOTBLOWING OPERATIONS 

Sootblowing i n  b o i l e r s  i s  usua l ly  accomplished v i a  one of the following 

two techniques: (1) sequent ia l  c leaning  of i n t e r n a l  sur faces  s t a r t i n g  

f i r s t  a t  the h o t  end of the  b o i l e r  and gradual ly  working toward the  

cold end, or  (2) simultaneous cleaning of a l l  hea t  t r a n s f e r  sur faces .  

Large u t i l i t y  b o i l e r s  usual ly  employ the  f i r s t  technique on a continuous 

bas i s .  When the cold end of the  b o i l e r  i s  being cleaned, p a r t i c u l a t e  

emissions a r e  heav ie s t  due t o  the entrainment of coarse  accumulated 

s o l i d s  from a i r  p rehea ter  sur faces .  

The second sootblowing technique is employed mainly by i n d u s t r i a l  

and small  u t i l i t y  b o i l e r s .  In these  cases ,  sootblowing cons i s t s  of 

b r i e f  i n t e rmi t t en t  cleanings t y p i c a l l y  occurring once every 8 hours 

f o r  periods of 10 minutes or l e s s .  During these sho r t  sootblowing 

p,eriods, p a r t i c u l a t e  emissions have been reported t o  be as  much as 

40 times g r e a t e r  than those f o r  non-cleaning in t e rva l s .  31 

During sootblowing operat ions,  p a r t i c l e  s i z e  and gas stream loadings 

are g rea t e r  than during normal opera t ion  due t o  the  dislodgement of 

agglomerated s o l i d s  from i n t e r n a l  b o i l e r  surfaces .  Since these  par- 

t i c l e s  are considerably l a r g e r  i n  diameter than those emitted during 

normal operat ion,  the  use of s i m p l e  i n e r t i a l  con t ro l  devices w i l l  c o l l e c t  

a l a rge  f r a c t i o n  of these  emissions on a mass bas i s .  If p a r t i c u l a t e  

con t ro l  equipment i s  not employed, a v i s i b l e  plume w i l l  always r e s u l t  

during sootblowing operat ions.  

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

Var ia t ions  ' i n  consumer power demands a r e  o f t e n  handled by peaking b o i l e r s  

which typ ica l ly  opera te  between 60 and 100 percent  of t h e i r  design capac- 

i t y .  Table 10 presents  the  r e s u l t s  of  load var iance tests performed on 
! 

42 



I 
I 
I 
I 
-1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

P a r t i c u l a t e  
Load (%) emissions (lb/MM Btu) 

250 and 600 Mw peaking u t i l i t y  b o i l e r s  employing f u e l  add i t ives  and 

cont ro l led  by e l e c t r o s t a t i c  p r e c i p i t a t o r s .  Ihe p r e c i p i t a t o r  used with 

the  250 Mw b o i l e r  was o r i g i n a l l y  designed f o r  coa l  f i r i n g  bu t  had been 

modified f o r  o i l  f i r i n g .  The absolu te  amount of p a r t i c u l a t e s  d i s -  

charged from the 250 Mw system increased with load level except t h a t  

the  emission a t  44 percent  load was g r e a t e r  than a t  f u l l  load (possibly 

due to  poorly regulated combustion). 

Excess a i r  a t  point  
of sampling (%) 

44 0.0473 
52 0.0118 
64 0.0141 

84 ' 0.0178 

100 0.0197 

The p r e c i p i t a t o r  used with the 600 Mw system was designed f o r  coa l  

f i r i n g  and had been l e f t  unmodified. Ihe 600 M i  system appeared to  

discharge the  same t o t a l  amount of  s o l i d s  Over the  load l e v e l  range 

38.3 

27.3 
20.8 
15.5 
15.8 
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60 0.0029 
70 0.0056 
80 0.0065 
90 0.0071 
100 0.0054 

111.4 

120.9 
10.7 
18.7 
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70 t o  100 percent .  

r e a d i l y  explained. Generally,  i n spec t ion  of Table 10 i n d i c a t e s  t h a t  

the  l a r g e r  b o i l e r  produces a propor t iona te ly  cleaner  e f f l u e n t .  

a l l y ,  i t  would appear t h a t  the 600 Mw system discharges less p a r t i c u l a t e  

on an  absolu te  b a s i s  than the 250 Mw b o i l e r .  

'Ihe very low emission a t  60 percent  load i s  not  

Actu- 

Gas turb ines  used i n  conjunct ion wi th  base loaded b o i l e r s  a r e  a l s o  used 

t o  handle v a r i a t i o n s  i n  power demand. 

these turb ines  opera te  a t  one of t h e  following output  leve ls :  (1) spin- 

ning reserve, (2) base loaded, and (3) peak loaded. 'Ihe da t a  analyzed 

by GCA i n d i c a t e s  t h a t  the  p a r t i c u l a t e  emissions from gas  turb ines  burn- 

ing d i s t i l l a t e  o i l  decrease as tu rb ine  loading increases .  This can 

genera l ly  be a t t r i b u t e d  t o  more e f f i c i e n t  f u e l  combustion. 

Depending on t h e  power demand, 

I n  Figure 9 ,  p a r t i c u l a t e  emissions from gas turb ines  have been charac- 

t e r i zed  ind iv idua l ly  s ince  each tu rb ine  exhibi ted unique emission charac- 

teristics. Since d i s t i l l a t e  o i l  i s  inherent ly  low i n  ash and s u l f u r ,  

gas  turb ine  p a r t i c u l a t e  emissions a r e  r e l a t i v e l y  low and a r e  composed 

mainly of  combestible s o l i d s .  Because gas  turb ines  usua l ly  burn d i s -  

t i l l a t e  o i l ,  emission con t ro l  equipment i s  almost never required.  
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SECTION I V  

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

The forthcoming discussion centers  upon e l e c t r o s t a t i c  p rec ip i t a to r s  s ince  

they a r e  the  most comon of a l l  devices used on o i l - f i r e d  bo i l e r s .  Fig-  

ure 10 charac te r izes  the emissions from control led and uncontrolled o i l -  

f i r e d  b o i l e r s  based upon the empir ical  da ta  t h a t  were co l lec ted  during 

t h i s  study. The b o i l e r s  used t o  cons t ruc t  t h i s  f i gu re  were not u t i l i z i n g  

addi t ives .  These da t a  ind ica te  t h a t  the e f f luen t  q u a l i t y  improves as  

the  b o i l e r  s i z e  increases i r r e spec t ive  of whether p a r t i c u l a t e  cont ro l  

apparatus i s  used, presumably due t o  b e t t e r  combustion a s  a r e s u l t  of 

more sophis t ica ted  combustion cont ro ls .  

On the  bas i s  of continuous operat ion,  annual p a r t i c u l a t e  emis.sions versus 

b o i l e r  capaci ty  a re  plot ted i n  Figure 11 fo r  cont ro l led  and uncontrolled 

systems. As f o r  Figure 10, addi t ives  were not employed by these boi le rs .  

The annual p a r t i c u l a t e  emission reduct ion achieved by the  employment of 

cont ro l  equipment is  i l l u s t r a t e d  i n  Figure 12. 

Based upon an ana lys i s  o f . s t a c k  test da ta ,  Figure 13 i nd ica t e s  the aver- 

age s tack  gas flow r a t e s  t h a t  can be expected from o i l - f i r e d  u t i l i t y  

bo i le rs .  

1 inear  equations : 

GCA has e lec ted  t o  represent  t h i s  curve by the  following two 

when P e  200 

Q = 2300P 
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Figure 11. Annual particulate emissions from controlled and 
uncontrolled residual oil-firing boilers 
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Figure 13. Stack gas flow rate  vs. operating capacity for 
o i l - f i r e d  u t i l i t y  bo i l ers  

50 



when P > 200 

Q = 1412.5 P + 177,500 (4) 

where Q = f l u e  gas flow rate (SCFM) 

P = b o i l e r  capaci ty  (Mw). 

Based upon the  s t ack  gas flow r a t e s  from Figure 13 and recent  cos t  

da t a ,  5'34 Figure 14  presents  the e rec ted  costs f o r  both new and modi- 

f i ed  e l e c t r o s t a t i c  p r e c i p i t a t o r s  a s  a func t ion  of b o i l e r  s i ze .  Total  

erected cos t  is t h e  fixed c a p i t a l  investment necessary t o  e i t h e r  bu i ld  

a new e l e c t r o s t a t i c  p r e c i p i t a t o r  o r  t o  modify an e x i s t i n g  i n s t a l l a t i o n .  

This investment i s  composed of both d i r ec t  c o s t s  (mater ia l s ,  including 

d u c t  work) and i n d i r e c t  c o s t s  (cons t ruc t ion  and i n s t a l l a t i o n  labor  and 

engineering se rv ices ) .  

obtained from engineering design c o s t  es t imates  provided by t h e  Research 

C o t t r e l l  Company. In generat ing these  c o s t  estimates, the following 

ESP parameters were used: 

The c o s t  d a t a  t o  determine erected c o s t s  was 

1,000,000 ACFM 

0.5 % Sulfur  

300' F Stack g a s  temperature. 

It was found t h a t  f o r  systems with s t ack  gas flow r a t e s  i n  excess of 

250,000 ACFM t h e  erected c o s t s  were $6.70/ACFM f o r  ESP's designed 

s p e c i f i c a l l y  f o r  o i l  and $2.35/ACFM f o r  coa l - to-o i l  conversion. 

a t ing c o s t s  f o r  e l e c t r o s t a t i c  p r e c i p i t a t o r s  a r e  about $0.03 per  year  

per  ACFM and maintenance c o s t s  range from $0.02 t o  $0.03 per year 

per  ACFM. 

Oper- 

5 
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Legend t o  Table 11. 

EQUIPMENT IDENTIFICATION CODES FOR 
PRIMARY AND SECONDARY CONTROL EQUIPMENT 

I d e n t i f i c a t i o n  Number Control Device/Methoda 

000 
001 
002 
003 
004 
005 
006 

E$ 
' 01,/ 0 I? 
013 
014 
015 
016 
017 
018 
019 
020 
021 
022 
023 
030 

039 
040 
04 1 
042 
043 
044 
045 
04 6 
04 7 

048 
049 
050 
051 
052 
053 

No equipment 
Wet scrubber - high e f f i c i e n c y  
Wet scrubber - medium e f f i c i e n c y  
Wet scrubber - low e f f i c i e n c y  
Gravity c o l l e c t o r  - high e f f i c i e n c y  
Gravity c o l l e c t o r  - medium e f f i c i e n c y  
Gravity c o l l e c t o r  - low e f f i c i e n c y  
Cent r i fuga l  c o l l e c t o r  - high e f f i c i e n c y  
Cent r i fuga l  c o l l e c t o r  - medium e f f i c i e n c y  
Cent r i fuga l  c o l l e c t o r  - low e f f i c i e n c y  
E l e c t r o s t a t i c  p r e c i p i t a t o r  - high e f f i c i e n c y  
E l e c t r o s t a t i c  p rec ip i t a to r  - medium e f f i c i ency  
E l e c t r o s t a t i c  p rec ip i t a to r  - low e f f i c i e n c y  
Gas scrubber (general ,  not  c l a s s i f i e d )  
M i s t  e l imina tor  - high ve loc i ty  
Mist e l imina tor  - low ve loc i ty  
Fabric  f i l t e r  - high temperature 
Fabric  f i l t e r  - medium temperature 
Fabric f i l t e r  - low temperature 
C a t a l y t i c  a f te rburner  
Ca ta ly t i c  a f te rburner  with hea t  exchanger 
Direc t  flame af te rburner  
Direct  flame af te rburner  with h e a t  exchanger 
F lar ing  
Discontinued; previously meant t h a t  no f u e l  was 
used with a s u l f u r  content over t h a t  spec i f ied  
on the  coding sheet  
C a t a l y t i c  ox ida t ion  - f l u e  gas desu l fu r i za t ion  
Alkalized alumina 
Dry l imestone in j ec t ion  
Wet limestone in j ec t ion  
Su l fu r i c  ac id  plant  - contact  process 
Su l fu r i c  ac id  plant  - double contac t  process 
Su l fu r  p l an t  
Process change 
Vapor recovery system ( including condensers, 
hooding, and o ther  enclosures)  
Activated carbon adsorpt ion 
Liquid f i l t r a t i o n  system 
Packed-gas absorpt ion c o l u m  
Tray-type gas absorption column 
Spray tower (gaseous con t ro l  only) 
Venturi  scrubber (gaseous con t ro l  only) 

Eff ic iency:  High (95-99+), medium (80-93), low (80). a 
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Legend t o  Table 11. 

STATE IDENTIFICATION NUMEiER 

S t a t e  

Alabama 
Alaska 
Arizona 
Arkansas 
C a l i f o r n i a  
Colorado 
Connecticut 
Delaware 
D i s t r i c t  of Columbia 
F l o r i d a  
Georgia 
H a w a i i  
Idaho 
I11 ino is 
Indiana 
Iowa 
Kansas 
Kentucky 
Louis iana 
Maine 
Mary 1 and 
Massachusetts 
Michigan 
Minnesota 
M i s s i s s i p p i  
Missour i  
Montana 

Number 

01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

6 5  

S t a t e  

Nebraska 
Nevada 
New Hampshire 
New Jersey  
New Mexico 
New York 
North Caro l ina  
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Puerto Rico 
Rhode I s l and  
South Caro l ina  
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Vi rg in i a  
Washington 
West Virg in ia  
Wisconsin 
Wyoming 
American Samoa 
Guam 
Virg in  I s l ands  

- Number 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 
49 
5 0  
5 1  
52 
53 
5 4  
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Legend to Table 11.  

EMISSION ESTIMATION METHODS 

Description of Method 

Not applicable ( i f  emissions are negl igible)  

Stack-test resul ts  or other emission measurements 

Material balance using engineering knowledge and past 
experience 

Emissions calculated using EPA emission factors 

Guess 

Alternative emission factor (other than EPA) 

New ins ta l la t  ion 

Out of business 
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