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1.0 EXECUTIVE SUMMARY 

The o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  r e v i e w  t h e  New Source Performance 

Standard (NSPS) o f  1.3 pounds o f  p a r t i c u l a t e s / t o n  d r y  s ludge i n p u t  and t h e  
o p a c i t y  s tandard  o f  20 pe rcen t  f o r  t h e  i n c i n e r a t i o n  o f  sewage s ludge 

(Subpar t  0 40 CFR 60) .  
summarizing i n f o r m a t i o n  f o r  sewage s ludge i n c i n e r a t o r s  b u i l t  s i n c e  t h e  
s tandard  was l a s t  rev iewed i n  1978. 

need f o r  r e v i s i o n  o f  t h e  s tandard  is eva lua ted  i n  l i g h t  of these data.  

Selected da ta  f o r  i n c i n e r a t o r s  b u i . l t  p r i o r  t o  1978 a r e  a l s o  presented  and  

d iscussed i n  t h i s  r e p o r t .  

T h i s  s tandard  i s  rev iewed by g a t h e r i n g  and 

The a c h i e v a b i l i t y ,  a p p l i c a b i l i t y , . a n d  

' 

1.1 BACKGROUND 
I n  1982, t h e  a c t u a l  was tewa te i  i n p u t  i n t o  sewage t rea tment  p l a n t s  w a s  

j u s t  under 27,000 m i l l i o n  g a l l o n s  p e r  day (MGD): Approx imate ly  15 pe rcen t  

(4,525 MGD) of t h i s  wastewater f low e n t e r e d  p l a n t s  capable o f  i n t i n e r a t i n g  

t h e  s ludge generated i n  t h e  .process o f  t r e a t i n g  these wastewate'rs'. 
es t imated  t h a t  between 1.1 and 1.5 m i l l i o n  d r y  tons  o f  s ludge i s  i n c i n e r a t e d  

annua l l y  i n  t h e  U.S. 

Since 1934 when i n c i n e r a t i o n  w a s ' f i r s t  used a s  a s ludge di'sposal 

technique,  i t  i s  es t ima ted  t h a t  over  400 s ludge i n c i n e r a t o r s  have been 

b u i l t .  Cur ren t  es t imates  show t h a t  t h e r e  a r e  approx imate iy  150 wastewater 

t rea tment  p l a n t s  capable o f  i n c i n e r a t i n g  a l l ,  o r  p a r t ,  o f  t h e i r  s ludge 

product ion.  

s u b s t a n t i a l l y  g r e a t e r  number o f - i n d i v i d u a l  i n c i n e r a t o r s  a r e  l i k e l y  t o  e x i s t .  

It i s  

S ince many f a c i l i t i e s  use more than  one i n c i n e r a t o r ,  a 

S ince t h e  l a s t  NSPS rev iew  i n  1978, i t  i s  es t ima ted  t h a t  a t  l e a s t  23 

new s ludge i n c i n e r a t i o n  f a c i l i t i e s - h a v e  been i n s t a l l e d .  
70 percent  o f  t hese  f a c i l i t i e s  use m u l t i p l e - h e a r t h  i n c i n e r a t o r s ,  15 pe rcen t  

use f l u i d i z e d - b e d  i n c i n e r a t o r s ,  and 15 'percent  use e l e c t r i c  i n c i n e r a t o r s .  

Between 1984 and 1989, i t  i s  es t ima ted  t h a t  18 new i n s t a l l a t i o n s  w i l l  come 

on l i n e  and be  s u b j e c t  t o  t h e  p r o v i s i o n s  o f  t h e  NSPS. 

Approx imate ly  

1-1 



Twenty-two states treat sewage sludge incinerators as a distinct source 
category. 
have general standards that encompass incineration of all types of municipal 
wastes and refuse. 
existing NSPS for sludge incinerators. 
Massachusetts and Connecticut have existing monitoring and reporting 
requirements for sewage sludge incinerators. 

In these states, the federal NSPS is applied. Most other states 

These standards are usually less stringent than the 
Of 11 states surveyed, only 

1.2 

less than 10, lb/ton dry.sludge to over 400 lb/ton dry sludge. 'In general., 
uncontrolled emission characteristics are a function of the incinerator 
type, sludge characteristics, and the operating practices used at individual 
incinerators. Uncontrol 1 ed emissions from mu1 tip1 e-hearth incinerators a re 
typically about 50 lb/ton while uncontrolled emissions from fluidized-bed 
incinerators average about 88.lb/ton: For individual incinerators, actual 
uncontrolled emissions can vary, substantially from these value; depending on 
the sludge quality and operating practices. used.. However, no quantitative 
correlation has been identified between specific operating parameters and 
uncontrolled particulate emissions. 

Oata for 12 incinerators indicate that emissions of trace elements are 
highly variable. 
ton sludge to 0.06 1b/dry ton. 
emissions were for lead, which range from 0.002 to 0.16 lb/ton, adaverage 
0.05 lbldry ton sludge. 
from six incinerators average 0.03 lb/ton for cadmium, 0.18 lb/ton for 
chromium, 0.08 lb/ton for nickel, 0.45 lb/ton for lead, and 0.02 lb/ton for 
arsenic. 
emissions from sludge incinerators is generally less than that for total 
particulates. . .  

the predominant control technology for particulate emissions are combination 

EMISSIONS CHARACTERISTICS OF SLUDGE INCINERATORS 
Uncontrolled emissions from sewage sludge incinerators can vary from 

' Sewage sludge incinerators also emit potentially toxic trace elements. 

Controiled emissions of cadmium range from 0.003 lbidry 
The highest controlled trace element 

Data on uncontrolled trace element emission rates 

The efficiency of control devices in reducing trace element 

For multiple-hearth and fluidized-bed, incinerators built since 1978, 



. .  

, .  

venturilimpingement-tray scrubbers.. These devices were applied prior to 
1978, but their use has become more widespread in recent years. 
multiple-hearth incinerators built since 1978, scrubber pressure drops range 
from 10 to 45 inch W.G. 
installed since 1978, three are equipped with combination venturi/ 
impingement-tray scrubbers. 
equipped with individual venturi scrubbers. Pressure drops for scrubbers 
used on the four electric incinerators built since 1978 are less than 
10 inch W.G. 

For the 17 
. 

Of the four new fluidized-bed incinerators 

New electric incinerators are most often 

1.3' CURRENT EMISSION LEVELS ACHIEVABLE 
New sewage sludge incinerators, when correctly operated and equipped 

with an appropriate control device, can achieve the existing New Source 
Performance Standards. Of the 17 multiple-hearth incinerators that have 
begun operating in the past five years, 11 are officially in compliance with 
the NSPS. Four new units have not yet been tested. The remai'ning multiple- 
hearth incinerator, located in.Providence, .. Rhode Island, has demonstrated 
the capability to meet the NSPS, but has nat.yet.'officially complied with 
the standard. All of the four flui.dized-bed sludge incinerators installed 
since I978 are in compliance with %he standard. O f  %he  OUT electric 
incinerators installed since 1978, two were unable to achieve the NSPS. 
However, neither of these unit:. is equipped with a scrubber ,capabie o f  being 
operated at a pressure drop considered to reoresent Be81 Available C o n i r o i  
Technology. One electric incinerator is official!y in compjiance, wni:e 
another has not yet been tested. 

For the 17 multiple-hearth incinerators %hat have been a f f e c t e d  bv  the 
NSPS since 1978, the average emission rate ,s C.,76 Ib/dry t on  ziiiage input. 
If the Providence, Rhode Island incinerator is excluded, the average 
emission rate for multiple-hearth incinerators in compliance with the NSPS 

r' is 0.67 lbldry ton; This is approximately one-half of the allowable 
emission rate. .The data indicate that many multiple-hearth incinerators are 
.capable of reducing emissions to well below the current NSPS level. 
average emission rate achieved by fluidized-bed incinerators affected by the 

. 

The 
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NSPS s i n c e  1978 i s  0.74 l b l d r y  t o n  s ludge.  

i n c i n e r a t o r s  average .:!.22 l b l d r y  ton  s ludge.  

Emiss ion r a t e s  f o r  new e l e c t r i c  

1 .4  COSTS OF E M I S S I O N S  CONTROL 

The c o s t  e f f e c t i v e n e s s  of c o n t r o l l i n g  p a r t i c u l a t e  emiss ions  from sewage 

s ludge i n c i n e r a t o r s  i s  es t ima ted  t o  range f rom $191 t o  $1743 p e r  t o n  

removed. 

venturilimpingement-tray scrubbers  o p e r a t i n g  a t  p ressu re  drops o f  f rom 20 t o  

40 inches  W.G. Cost e f f e c t i v e n e s s  i s  most s e n s i t i v e  t o  i n c i n e r a t o r  s i z e .  

These c o s t s  a r e  based on c o n s e r v a t i v e  c a p i t a l  c o s t  es t ima tes  f o r  

. Scrubber p ressu re  drop  has a smal l  impact  on o v e r a l l  c o s t  e f fec t i veness .  
For  each 10 i n c h  W.G. change i n  pressure  drop;  a change i n  c o s t  e f f e c t i v e -  

ness on t h e  o r d e r  o f  $10 i s  achieved.  F i g u r e  1-1 summarizes t h e  es t ima ted  

c o s t  e f fec t i veness  o f  c o n t r o l l i n g  p a r t i c u l a t e  emiss ions f rom b o t h  f l u i d i z e d -  

bed and m u l t i p l e - h e a r t h  sewage s ludge i n c i n e r a t o r s  a t  a scrubber  p ressure  
drop o f  40 inches  W.G. 

. .  1 . 5  COINCINERATION WITH MUNICIPAL REFUSE 
' A t  t h e  p r e s e n t  t ime ,  t h e r e  . j s  n o + x p l i c i t  s ta tement  i n  e i t h e r  Su'bpart @ 

o r  Subpart E t h a t  d e f i n e s  which s tandard  i s  t o  be a p p l i e d  i n  cases where 
sewage s ludge i s  c o i n c i n e r a t e d  w i t h  m u n i c i p a l  re fuse .  A l thouah about 73 
f a c i l i t i e s  have c o i n c i n e r a t e d  sewage s ludge and mun ic ipa l  re fuse  3 t  one t ime  
o r  another  i n  t h e  U.S., o n l y  3 f a c i l i t i e s  have been i d e n t i f i e d  a s  3 e i n g  

o p e r a t i o n a l  over  t h e  nex t  5 years .  ! n  e?ch e s e .  c w a g e  s l i ldae w i l ;  he 

c o i n c i n e r a t e d  i n  a conven t iona i  r e f u s e  i n c i n e r a t o r .  E ; 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  be employed t o  c o n t r o l  p a r t i c u l a t e  emiss ions  a t  a l l  t h r e e  
O f  these c o i n c i n e r a t i o n  faci!;:;es. !nsuff:c!ent data ? r e  ?vai!<..Sle t.2 

i n d i c a t e  how c o i n c i n e r a t i o n  ; i t i l l  a f f e c t  t h e  p a r t i c u i a t e  emiss ions  from these 
i n c i n e r a t o r s .  

1-4 
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2.0 DESCRIPTION OF THE INDUSTRY 

2.1 INTRODUCTION 

of 1.3 pounds per ton of dry sludge input and limited to a maximum stack 
opacity of 20 percent, as promulgated under subpart 0 of the New Source 
Ferformance Standards (NSPS). 
chapter provides background information on the number and location of sewage 
sludae incinerators i n  .the'U.S., the types of incineration technologies 
employed, as well a s  on the initial development of the standard. State 
regulations applicable to sludge incinerators are also reviewed. 

the number and locatiqn of sludge incinerators, as well as an estimate o f  
the amount of sludge incinerated, is presented. 
tive incineration techniques, and the growth in .the use of incineration, are 
also discussed in the'first section. 

Sewage sludge incinerators are subject to particulate emission limits 

As part of the review of the NSPS, this 

, 

In Section 2.2, the industry is broadly characterized. Information on 

The prevalence of alterna- 

. .  

Section 2.3 provides detailed descriptions of the major technolosies 
employed to incinerate sewage sludge. Both design and operating charac- 
teristics o f  these.incineratot-s are discussed. 

development of the NSPS for sewage sludge incinerators i s  presented. The 
technical basis of the original standard is reviewed, as are the subsequent 
revisions made to the standard. State regulations, particularly those 
relating to monitoring and reporting requirements, are also reviewed i n  this 
section. 

. I n  Section 2.4 o f  this chapter, background information on the 

2.2 CHARACTERIZATION OF THE INDUSTRY 
Over 33,000 publicly owned sewage treatment works are currently 

operating in the U.S. These plants have a combined capacity to treat over 
35,000 million gallons of municipal wastewaters each day. 
actual wastewater input into sewage treatment plants was just under 

In 1982, the 
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27,000 mil l ion gal lons per day ( M G D ) ,  ' representing a capacity u t i l i z a t i o n  of 
76 percent. Approximately 15 percent of the t o t a l  1982 wastewater flow 
entered plants  t h a t  are capable of inc inera t ing  a l l ,  o r  a portion of the 
sludge generated in  the process 'of t r e a t i n g  these wastewaters. However, 
nearly a l l  p l a n t s  employ more t h a n  one sludge disposal technique, a n d  some 
inc inera tors  are not cur ren t ly  operating. 
2 . 2 . 1  Number a n d  Location of Sewage Sludge Incinerators  

of sewage sludge inc inera tors  i n  the U.S. 

conducted biennial ly  by EPA in compliance with Sections 205(a) and  516(b) (2)  
o f .  the Clean.Water Act.' 
a n d  planned publicly owned treatment works (POTW) in the.U.S. Second, a 
survey of  incinerat ion f a c i l i t i e s  has recent ly  been completed as p a r t  of 
work conducted by EPA's Sludge Task Force. 

The EPA S l u d g e  Task Force u t i l j zed  the NEEDS survey as  a s t a r t i n g  
point .2  
contacts  with a l l  of the regional o f f i ces  . .  of E P A ,  with s t a t e  a n d  local 
agencies,  vendors of slxdge inc inera tors ,  as .wel l  as  individual 'p lants .  The 
EPA Sludge Task Force continues t o  update t h e i r  d a t a  on a regular bas i s ,  a n d  
i s  considered i o  be the most r e l i ab le  source o f  information on the number 
a n d  locat ion o f  sludge tncineratot-s cgr ren t ly  operating i n  the U.S. 

treatment plants  t h a t  are  incinerat ing 3 1 1 ,  or p a r t ,  o f  t h e i r  slcdge 
production. 
S l u d g e  Task Force, l i s t  the number of individual incinerators .  
treatment plants in the U.S. u t i l i z e  nore t h a n  one incinerator  ( f o r  oxsmole, 
the wastewater treatment p i a n t  in indianapol is ,  Indiana, operates 8 
i n c i n e r a t o r s ) ,  a subs t an t i a l ly  grea te r  number .of individual incinerators  i s  
i mpl i ed . 

Figure 2-1. 
a r e  found in the Northeast a n d  along the Great Lakes. 

There a re  two main sources of information on the number a n d  locat ions 
The f i r s t  i s  the NEEDS survey 

The survey encompasses more t h a n  32,O.OO ex i s t ing  

However, the S ludge  Ta'sk Force validated the NEEDS d a t a  t h r o u g h  
' 

The l a t e s t  update ( J u l y ,  1983) o f  the Task Force survey l i s t s  153 

Neither the NEEDS d a t a ,  nor the update prepared by tne E L 4  
Since many 

The locat ions of the plants  employing incinerat ion are  shown in 

The l a rges t  concentrations of sludge incinerat ion f a c i l i t i e s  

2-2 



. . .  . .  

. .  

.r 
V 
rn 
U 

E 
0 
c) 
rn 
L a 
E 

.r 

.- 

2-3 



- 
.. . .  

. .  
. .  

2.2.2 Amount o f  Sludge I n c i n e r a t e d  
No p r e c i s e  da ta  a r e  a v a i l a b l e  on t h e  amount of s ludge i n c i n e r a t e d  

a n n u a l l y  i n  t h e  U.S. As p a r t  o f  t h e i r  p r o j e c t ,  t h e  EPA Sludge Task Force has 
es t ima ted  t h a t  seven m i l l i o n  d r y  tons  o f  s ludge  a r e  produced a n n u a l l y  by I 

wastewater t rea tmen t  p l a n t s  i n  t h e  U.S.3 

es t ima tes  t h a t  between 15 and 22 percent  i s  d isposed o f  through 

i n c i n e r a t i o n .  On t h i s  b a s i s ,  t h e  t o t a l  amount of sludGe i n c i n e r a t e d  

a n n u a l l y  i s  between 1.1 and 1.5 m i l l i o n  d r y  tons.  

e n t e r i n g  p l a n t s  t h a t  employ i n c i n e r a t i o n  as a d isposa l  techn ique.  
cor respond ing  f l o w  o f  wastewaters i n t o  t h e  i n c i n e r a t i o n  f a c i l i t i e s  l i s t e d  i n  

t h e  €PA Sludge Task Force survey i s  4,525 MGD. 
sludge genera ted  pe r  g a l l o n  of wastewater t r e a t e d  can v a r y  g r e a t l y  as  a 
f u n c t i o n  o f  t h e  s p e c i f i c  t rea tmen t  pGocesses employed, an average va lue  o f  

0.65 d r y  tons of  s ludge p e r  m i l l i o n  g a l l o n s  o f  wastewater was d e r i v e d  f r o m  

35 POTW's t h a t  employ i n c i n e r a t i o n . '  A p p l y i n g  t h i s  va lue  t o  the  wastewater 

O f  t h i s  t o t a l ,  t h e  Task Force 
' 

This  e s t i m a t e  can be conf i rmed on t h e  b a s i s  o f  t h e  amount o f  wastewater 
The 

A l though t h e  amount o f  

i n - f l o w  g i v e n  by t h e  Sludge Task Force, y i e l d s  about 
sl'udge i n c i n e r a t e d  a n n u a l l y .  

Since i t  i s  n o t  known p r e c i s e l y  how much o f  t h e  

t rea tmen t  p l a n t s  t h a t  a r e  equipped w i t h  i n c i n e r a t o r s  
i n  t h i s  manner, t h e  l ower  end o f  t he  range es t ima ted  

tons:year! i s  considered the  most c e l i a b l e .  

1,:l m i l l i o n  d r y  tons o f  

sludge generated a t  

i s  a c t u a l l y  disposed of  
above ( 1 . L  m i l l i o n  

2.2.: Prevaience o f  A l t e r n a t i v e  i n c i n e r a t i o n  Techniques 

municipa.1 sewage sludge. 

fu rnace (NHF). 3 f  t h e  153 i n c i n e r a t i o n  p l a n t s  l i s t e d  by the  Sludge Task 
Force, 120 (78 pe rcen t )  employ m u l t i p l e - h e a r t h  i n c i n e r a t o r s .  

fu rnaces  (FBF) account f o r  most o f  t he  a d d i t i o n a l  i n c i n e r a t o r s  c u r r e n t l y  
o p e r a t i n g  i n  t h e  U.S. 

employ f l u i d i z e d - b e d  i n c i n e r a t o r s  (about  16 p e r c e n t  o f  t h e  t o t a l  ). 
( i n f r a r e d )  i n c i n e r a t o r s  a re  a l s o  sometimes used f o r  d i s p o s i n g  o f  sewage 

sludge, p a r t i c u l a r l y  i n  s m a l l e r  r u r a l  communit ies. . E P A ' s  Sludge Task F0rc.e 

i d e n t i f i e d  s i x  t rea tmen t  p l a n t s  t h a t  u t i l i z e  e l e c t r i c  furnaces. The Sludge 

A v a r i e t y  o f  d i f f e r e n t  t echno log ies  a r e  a v a i l a b l e  f o r  i n c i n e r a t i o n  o f  

By f a r  t h e  most common i s  the  m u l t i p l e - h e a r t h  

F lu id i zed -bed  

The Sludge Task Force l i s t s  24 t r ea tmen t  p l a n t s  t h a t  

E l e c t r i c  
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Task  Force data a l so  l i s t . o n e  p lan t  t h a t  employs a rotary k i l n  incinerator. 
The individual technologies ava i lab le  f o r  inc inera t ing  sewage sludge are  
discussed i n  more d e t a i l  i n  Section 2.3. 
2.2.4 Number and Type of Incinerators  Ins t a l l ed  Since. 1978 

Since t h i s  repor t  focuses on the  compliance s t a t u s  of inc inera tors  
i n s t a l l ed  a f t e r  the l a s t  review of the standard i n  1978, a survey was 
conducted t o  ident i fy  a l l  sludge inc inera tors  t h a t  have e i t h e r  commenced 
operation over the  past  f i ve  years ,  o r  t h a t  a r e  under construction. 
Incineration f a c i l i t i e s  a f fec ted  by the NSPS t h a t  were i n s t a l l e d  prior t o  
1978 were discussed i n  the  previous review. The survey was condy ted  in 
three s tages .  

First, a quest ionaire  was sent  t o  a l l  ten regional o f f i ces  o f  EPA.. 
1nforma.tion was requested f o r  inc inera tors  b u i l t  s ince  1978 on the  loca t ion ,  
capaci ty ,  and design of each inc inera tor  as well i t s  associated emissions 
control equipment. Jn addi t ion ,  the  regional E P A  o f f i ces  were requested t o  

Responses were obtained from e ight  
of the  t.en.regiona1 E P A  o f f i c e s ,  - ident i fying a t o t a l  of 16 inc inera tors  
b u i l t  s ince 1978 and 7 under construction. Complete information was 
avai lable  f o r  o n l y  a few of these u n i t s ,  however. 

and local a i r  pol lut ion control '  agencies.. 
contacted d u r i n g  the second s tage o f  the survey. 
col lected on the  inc inera tors  i den t i f i ed  in the  wr i t ten  survey and an 
additional nine new ( i . e .  operating s ince  i978)  inc inera tors  were 
ident i f ied .  All 23 new p lan ts  i den t i f i ed  in the  t h i r d  and f ina l  s tage of  
the survey were contacted i n  order t o  obtain more de ta i led  information 3n 
actual operating parameters a t  these f a c i l i t i e s .  

The  r e s u l t s  of the survey a re  presented in  Tables 2-1 and 2-2. 

' provide emissions data f o r  these un i t s .  

. .. 

Therefore, follow-up telephone contacts were made to  reg iona l ,  s t a t e ,  
I n  a l l  ,. over 40 individuals  were 

Further information !was 

Of the  
25 new inc inera tors  l i s t e d  i n  Table 2 -1 ,  near ly  70 percent u t i l i z e  
multiple-hearth furnaces. This i s  cons is ten t  w i t h  data f o r  the  t o t a l  U.S. 

population of sludge inc inera tors .  Also, the inc inera tors  i n s t a l l e d  s inca 
1978 a re  concentrated geographically i n  t h e  Northeast and Great Lakes 
regions of the  U.S. 
under construction i n  the U.S., 4 u t i l i z e  the multiple-hearth design. 

Of the 7 inc inera tors  l i s t e d  i n  Table 2-2 as cur ren t ly  
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TABLE 2-1. SEWAGE SLUDGE INCINERATORS INSTALLED I N  THE U.S. 
SINCE 1978 

L o c a t i o n  

Petersburg,  A laska 
Wrangel l ,  A laska 
M a r i e t t a ,  Georg ia 
Oahu, Hawaii  
Cedar Rapids, Iowa 
Kansas City, Kansas 
Cynthiana, Kentucky 
Kenton County, Kentucky * 

A t t l e b o r o ,  Massachusetts 
B a t t l e  Creek, Mich igan 

-Bay County, Mich igan 
S t .  Paul, Minnesota 
Independence, M i s s o u r i  
A t l a n t i c  City, New Jersey  . 

Amherst, New York 
Hamburg, New York 
N. Tonawanda, New York 
N iagra  County, New York 

.Rocky Mount, N. Carnl i -na 
Cleveland,  Ohio 
Youngstown, Ohio 
Providence, Rhode I s l a n d  
A r l i n g t o n ,  V i r g i n i a  

. .  

Design Type 

E l e c t r i c  
E l e c t r i c .  
M u l t i p l e - H e a r t h  
Mu1 t i p l e - H e a r t h  
Mu1 t i  p l  e-Hear th 
F lu id -Bed 
E l e c t r i c  
Mu1 t i  p le -Hear th  
Mu1 t i p l e - H e a r t h  
Mu1 t i p l e - H e a r t h  
E l e c t r i c  
Mu 1 t i p l  e-Heart h ( 2 )  
F 1 u i d -'Be d 
Mu1 ti p l  e-Hearth 
M u l t i p l e - H e a r t h  
F lu id -Bed ( 2 ) .  
Mu 1 t i  p 1 e - He a.rt h 
Mu1 t i p l e - H e a r t h  
M u l t i p l e - H e a r t h  . 
Mu1 t i o l e - H e a r t h  
M u l t i o l e - H e a r t h  
M u l t i p l e - H e a r t h  
f l u ?  t i p l e - H e a r t h  
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TABLE 2-2. INCINERATION FACILITIES CURRENTLY UNDER CONSTRUCTION I N  
THE U.S. 

Location Design Type 

Decatur, Georgia 
Gainsvil le, Georgia 
Fall River, Massachusetts 
Lynn, Massachusetts 
St. Louis, Missouri 
Watertown, New York 
Cranston, Rhode Island 

Electric 
Electric 
Multiple-Hearth 
Multiple-Hearth 
Mu1 ti pl e-Hearth 
Fluid-Bed 
Multiple-Hearth 
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For  i n c i n e r a t o r s  which have begun opera t i ons  s i n c e  1978, t h e  r e s u l t s  o f  
t h e  survey a r e  cons ide red  t o  b e  r e l a t i v e l y  complete. However, t h e r e  i s  l e s s  

c e r t a i n t y  w i t h  r e s p e c t  t o  what percentage o f  i n c i n e r a t o r s  c u r r e n t l y  under 

c o n s t r u c t i o n  i n  t h e  U.S. were i d e n t i f i e d  i n  t h e  survey s i n c e  l e s s  emphasis , 

was g i ven  t o  t h i s  ques t ion .  

2.2.5 Growth i n  t h e  Use o f  I n c i n e r a t i o n  as a Sludge Disposal  Technique 

d i sposa l  technique,  over  400 i n c i n e r a t o r s  have been c o n s t r ~ c t e d . ~  

o f  these were b u i l t  between 1965 and 1975. 
s ludge i n c i n e r a t i o n  d e c l i n e d  sha rp l y  beg inn ing  i n  t h e  mid  1970's, however. 

sewage sludge i s '  t h e  NEEDS da ta  base. Since t h e  main ob jec ' t i ve  o f  t h e  NEEDS 
survey i s  t o  q u a n t i f y  ongoing and f u t u r e  c o n s t r u c t i o n  programs a t  wastewater 

t rea tmen t  p l a n t s ,  t h e  growth  p r o j e c t i o n s  p rov ided  i n  t h e  NEEDS da ta  f i l e s  
a r e  assumed t o  be reasonably  accura te .  

Since 1934, when i n c i n e r a t i o n  was f i r s t  used as a sewage s ludge 

Over ha1 f 

The r a t e  o f  growth o f  sewage 

The o n l y  source o f  i n f o r m a t i o n  on t h e  f u t u r e  growth o f  i n c i n e r a t i o n  o f  

On t h e  b a s i s  a f  p l a n t  surveys and demographic.projections, NEEDS .. 
es t imates  t h a t  63 s ludge i n c i n e r a t i o n  f a c i l i t i e s  w i l l  be cons t ruc ted  between 

1982 and 2000. Assuming a l i n e a r  r a t e  o f  growth,  18 i n c i n e r a t i o n  f a c i l . i t i e s  . 

would beg in  o p e r a t i n g  over  the  nex t  f i v e  years.  

c o n s i s t e n t  'w i th  t h e  r a t e  o f  growth wi tnessed i n  bo th  t h e  i973 t o  1078, ana 
1978 to i983, f i v e  yea r  t ime  frames. 

s ludge i n c i n e r a t i o n  f a c i l i t i e s  over the  nex t  f i v e  years i s  a i s 0  i-easofiably 
c o n s i s t e n t  )wi th  t h e  a v a i l a b l e  da ta  on c u r r e n t  c o n s t r u c t i o n  programs. 

Th is  would be rouah ly  

An es t ima te  o f  approx imate ly  18 new . 

2 . 3  PROCESS DESCRIPTIONS 
7.3.1 Process Overview 

I n c i n e r a t i o n  i s  o n l y  one method o f  d i spos ing  o f  s ludge generated by a 

The major  processes i n v o l v e d  i n  system f o r  t r e a t i n g  mun ic ipa l  wastewater.  
t h i s  t rea tmen t  i n c l u d e  sedimentat ion,  f i l t r a t i o n ,  d i g e s t i o n ,  chemical  

c o n d i t i o n i n g ,  and dewater ing.  From t h e  s tandpo in t  o f  i n c i n e r a t i o n ,  t h e  most 
impor tan t  aspect  of these r e l a t e d  t rea tment  processes i s  t h e i r  impact  on t h e  

m o i s t u r e  and energy con ten t  o f  t h e  s ludge. 
reduce t h e  m o i s t u r e  con ten t  of  'wastewater s ludge can a l s o  reduce t h e  

Many o f  t h e  processes which 
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proportion of volatile elements to inert materials. 
processes, such as anaerobic digestion, can significantly lower the energy 
content of the sludge. Most sewage s'ludges undergo a variety of individual 
treatments prior to the final conditioning and dewatering stsps. Since ' 

sludge conditioning and dewatering are integral to the overall incineration 
process, they are briefly described below. 

2.3.1.1 Sludge Conditioning. Pre-thickened primary or combined 
primary and secondary sludges are chemically treated to enhance their 
dewatering characteristics. Chemical conditioning changes the colloidal 
structure of the sludge, causing particles to coagulate.6 Absorbed water is 
released as voids ate created by the coalescing particles. 

sludge. The most popular agents are ferric chloride, lime, aluminum 
chlorohydrate,.and organic polymers. Depending on the level and type of 
pretreatment that the sludge has received, conditioners. a.re added at a rate 
of, between 1 and 12 percent of the dry sludge weight. 

2.3.1.2 Sludge dewatering techniques. Dewatering is a critical, step 
i n  the process of sludge incineration, since it reduces the thermal demand 
on the incinerators. Vacuum filtration, filter presses, belt filters and 
centifugation are the most widely used sludge dewatering technologies, 
a1though;numerous other processes are available. The NEEDS.data base lists . . 

nearly 1,290 vacuum filters, 242 centrifuges, 151 filter presses, and 36 
"other" dewatering devices as currentiy in use at sewage treatment planrs. 
Of the 23 incineration. facilities installed since 1978, 11 employ vacuum 
filters, 5 are equipped with horizontal belt presses, 3 use centrifuges, and 
4 have installed f'lter presses. 
of the relatively new. belt press systems appears to be increasing. 

sewage sludge. 
Natural and synthetic cloth, coil springs, or wire mesh fabrics can all be 
used as the filter material. The drum is suspended above a vat of sludge 
and periodically dips into it. 
circumference is subjected to an internal vacuum. The vacuum draws water 

Secondary treatment 

A wide variety of chemicals have been used for conditioning sewage 

Although these data are limited, the ase 

Vacuum filtration is a technique that is applicable to all types of 
The major equipment component is a cylindrical drum filter. 

As the drum slowly rotates, part of the 
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o u t  th rough  t h e  f i l t e r  medium. 

s ludge va t ,  t h e  f i l t e r  cake i s  scraped f rom t h e  drum and depos i ted  on a 

conveyor. 

80 pe rcen t .  
r e p o r t e d  f o r  new f a c i l i t i e s  t h a t  use vacuum f i l t e r s .  

t h e  s ludge under  e l e v a t e d  pressures.  Var ious  des igns  a r e  a v a i l a b l e .  The 
most common c o n s i s t s  o f  a s e r i e s  'of r e c t a n g u l a r  p l a t e s  suppor ted  i n  a 

v e r t i c a l  p o s i t i o n .  F i l t e r s  a r e  p laced  ove r  t h e  recessed p l a t e s .  

pumped i n t o  t h e  space between t h e  p l a t e s  and t h e  p l a t e s  a r e  then  pressed 
a g a i n s t  each o t h e r  ( 6 0  t o  225 lb /sq .  i n . )  b y  hydrau l i c . rams.  The e n t i r e  

ba tch  c y c l e  takes  f rom 1 t o  3 hours t o  complete. '  F i l t e r  presses a r e  capable 

of reduc ing  t h e  m o i s t u r e  c o n t e n t  o f  t h e  s ludge t o  as l o w  as 55 percent .  

t h e  survey o f  new p l a n t s ,  s ludge cake m o i s t u r e  con ten ts  o f  from 65 'percent  
t o  7 5  percen t  were repo r ted .  

H o r i z o n t a l  b e l t  f i l t e r s  a r e  a r e l a t i v e l ;  new approach t o  dewater ing . 

sewage sludge. One v a r i a n t  o f  these f i l t e r s  c o n s i s t s  o f  two cont inuous  

b 'e l ts  p laced  one above t h e  o t h e r .  'Chemica l l y  c o n d i t i o n e d  's ludge i s  

c o n t i n u o u s l y  f e d  between t h e  two b e l t s .  Dewater ing i s  accomplished i n  t h r e e  

separa te  zones. I n  t h e  f i r s t ,  water  j s  removed by t h e  fo rce  of  g r a v i t y .  In. 
t h e  x x o n d  zone, p ressure  i s . a p p l i e d  by a s e r i e s . o f  r o l l e r s  l o c a t e d  above,  

the uoper  b e l t .  Shear fo rces  a r e  a p p l i e d  i n  t h e  f i n a l  zone. The dewatered 

s ludge cake i s  then removed from the b e i t  by a scraper .  
des igned t o .  ach ieve  approx ima te l y  the same l e v e l  of  m o i s t u r e  removal as 

vacuum f i l t e r s .  
remove m o i s t u r e  f rom sewaae s ludge depends, i n  p a r t ,  on t b e  s p e c i f i c  

p h y s i c a l ,  chemical ,  and b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  sludge. 
example, a b e l t  press f i l t e r  r e c e n t l y  i n s t a l l e d  a t  t h e  i n c i n e r a t i o n  f a c i l i t y  

i n  Merrimack,.New Hampshire, achieved a 78 pe rcen t  f i n a l  m o i s t u r e  c o n t e n t  i n  
t h e  s ludge compared t o  t h e  85 pe rcen t  t h a t  was ob ta ined  f rom t h e  vacuum 

f i l t e r  system t h a t  had p r e v i o u s l y  been used.7 The r e s u l t s  .of t h e  survey o f  
new f a c i l i t i e s  gave a range of  from 60 t o  82 p e r c e n t  m o i s t u r e  i n  t h e  s ludge 
a f t e r  be ing  dewatered i n  a b e l t  press.  

P r i o r  t o  t h e  n e x t  submergence i n t o  t h e  

The m o i s t u r e  c o n t e n t  o f  t h e  s ludge cake i s  normal1.y 70 t o  

A range o f  f rom 60 t o  86 p e r c e n t  f i n a l  m o i s t u r e  c o n t e n t  was . 

I n  a f i l t e r  p ress ,  dewater ing  i s  accomplished b y  f o r c i n g  t h e  wa te r  f rom 

Sludge i s  

I n  

S e l t  f i l t e r s  arc? 

However, t h e  e x t e n t  t o  which any dewater ing  techn ique can 

For 
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Centrifuges a re  ava i lab le  'in a var ie ty  of d i f f e r e n t  design 
configurations including the horizontal ,  conica l ,  so l id  bowl, basket, and  
d i sc  types. 
subjected t o  centr i fugal  forces  of u p  t o  300 g rav i t i e s .  
discharged by a screw conveyor. 
producing a sludge having a moisture content as low as  60 percent,  t h i s  
level of dewater ing i s  usually not economically feas ib le .8  The three  
f a c i l i t i e s  in the  survey t h a t  employ centr i fuges reported f ina l  moisture 
contents of from 60 t o  70 percent. 
2.3.2 Multiple-Hearth Furnaces 

The basic multi,ple-hearth furnace d e s i g n  i s  near ly  a cerltury o ld ,  
having been i n i t i a l l y  developed f o r  roasting of mineral ores.  . An air-cooled 
var iant  of the or iginal  Herreshoff design has been used f o r  incinerat ing 
sewage sludge s ince the 1930's. 

2.3.2:l Design.character is t ics  Figure 2-2 i l l u s t r a t e s  the  overall  
design of a mu1 t iple-hear th  furnace. 

constructed of s t ee l  and surrounds a s e r i e s  of hocizontal refractory '  
hearths. A hollow c a s t  iron ro ta t ing  s h a f t  runs t h r o u g h  the  center  of the 
hearths.  Cooling a i r  i s  introduced in to  the sha f t  by a f a n  located a t  i t s  
base. 
hearths.  Ezch rabble arm i s  equipped w i t h  a number of t ee th ,  approximately 
6 inches i n  length,  a n d  spaced a b o u t  10 'nches apar t .  The tee th  a re  shaped 
t o  rake the  sludge in a sp i r a l  motion, a l t e rna t ing  in d i rec t ion  from t h e  
outside i n ,  t o  the inside ou t ,  between hear ths .  Either 2 or 4 rabble arms 
extend in to  each hearth. Typically,  the upper and  lower hearths are  f i t t e d  
with 4 rabble arms, ,while only two a re  placed within the middle hear ths .  
Burners, providing aux i l l i a ry  f u e l ,  a r e  located in the sidewalls of the  
hearths.  

The s i z e  of MHF's used f o r  incinerat ion of.sewage sludge typ ica l ly  
range from 6 hearth furnaces having an outer diameter of m2 6 f t .  and a t o t a l  
e f f ec t ive  hearth area of 85 sq. f t . ,  t o  12 hearth,  22 f t .  diameter furnaces 
w i t h  hear th 'a reas  of over 3000 sq. ft . '  

Sludge i s  fed,continuously i n t o  the centr i fuge where i t  i s  
The sludge cake i s '  

Although centr i fuges are  capable of 

Nul t ip le -hear th  furnaces 'are 
. cy l ind r i ca l ly  shaped and oriented ve r t i ca l ly .  The outer  s h e l l . i s  

Attached t o  the central  sha f t  are  rabble' arms, which extend above  the 

Hearth loading r a t e s  range from 
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RABBLE A R M  
AT EACH H E A R T H  

COMBUSTION 
AIR R E T U R N  

i. . .  

Figure 2-2. Cross-Sectional View o f  a Multiple-Hearth 
Sewage Sludge Inc inerator  
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. .  
. ,  

between 7 t o  12 pounds o f  we t  s ludge p e r  hour ,  p e r  square f o o t .  

corresponds t o  fu rnace c a p a c i t i e s  o f  f rom 600 pounds o f  we t  s ludge p e r  hour  

up t o  18. t ons  p e r  hour. 

i n t o  t h e  p e r i p h e r y  o f  t h e  t o p  hear th .  
t h e  s ludge toward t h e  c e n t e r  s h a f t  where i t  drops th rough  h o l e s  l o c a t e d  near  

t h e  edge o f  t h e  hear th .  I n  t h e  n e x t  h e a r t h  t h e  s ludge i s  raked  i n  t h e  

oppos i te  d i r e c t i o n .  T h i s  process i s  repea ted  i n  a l l  o f  t h e  subsequent 

hear ths .  The e f f e c t  o f  t h e  r a b b l e  mo t ion  i s  t o  b reak  u p  s o l i d  m a t e r i a l  t o  

a l l o w  b e t t e r  su r face  c o n t a c t  w i t h  hea t  and oxygen, and i s  a r ranged so  t h a t  a 

s ludge depth o f  about  one i n c h  i s  ma in ta ined  i n  each h e a r t h  a t  t h e  des ign  
s ludge f l o w  rate. '  

Ambient a ' i r  i s  f i r s t  duc ted  th rough  t h e  c e n t r a l  s h a f t  and i t s  

assoc ia ted  r a b b l e  arms. A p o r t i o n ,  o r  a l l ,  o f  t h i s  a i r  i s  t h e n  taken from 

t h e  t o p  o f  t h e  s h a f t  and r e c i r c u l a t e d  i n t o  t h e  lowermost h e a r t h  as preheated  
' combust ion  a i r .  S h a f t  c o o l i n g  a i r  which i s  n o t  c i r c u l a t e d  back i n t o  t h e  

furnace i s  duc ted  i n t o  t h e  s t a c k  downstream o f  t h e  a i r  p o l l u t i o n  c o n t r o l  
dev ices.  The combustion 'air f l ows  upward th rough  t h e  drop ho les  i n . t h e  

hear ths ,  c o u n t e r c u r r e n t  t o  t h e  f l o w  o f  t h e  sludge, b e f o r e  b e i n g  exhausted 
from the  top hear th .  P rov i s ions  a r e  u s u a l l y  made t o  i n j e c t  ambient a i r  

d i r e c t l y  i n t o  one o f  t h e  m i d d l e  hea r ths  as w e l l .  

nea r th  fu rnaces  can be d i v i d e d  i n t o  t h r e e  zones. 

t h e  d r y i n g  zone where most o f ' t h e  m o i s t u r e  i n  t h e  s ludge i s  evaporated. 

temperature i n  t h e  d r y i n g  zone i s  t y p i c a l l y  between 800 and 1400OF. 
Combustion occurs i n  t h e  m idd le  hea r ths  (second zcne) as t h e  temperature :s 
inc reased t o  about  1700°F. The combustion zone, can be f u r t h e r  subd iv ided  

i n t o  t h e  upper-middle hea r ths  where t h e  v o l a t i l e  gases and s o l i d s  a r e  
burned, and t h e  lower -midd le  hea r ths  where most o f  t h e  f i x e d  carbon i s  

combusted. The t h i r d z o n e ,  made up  o f . t h e  lowermost hea r th (s ) ,  i s  t h e  
c o o l i n g  zone. 

t h e  incoming combustion a i r .  

T h i s  

2.3.2.2 Opera t ing  c h a r a c t e r i s t i c s  P a r t i a l l y  dewatered s ludge i s  f e d  

The mot ion  o f  t h e  r a b b l e  arms rakes  

' 

From t h e  s t a n d p o i n t  o f  t h e  o v e r a l l  i n c i n e r a t i o n  process,  m u l t i p l e - '  

The upperhear ths  comprise 

The 

I n  t h i s  zone 'the ash i s ' c o o l e d . a s  i t s  hea t  i s  t r a n s f e r r e d  t o  
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Under p roper  o p e r a t i n g  c o n d i t i o n s ,  50 t o  100 pe rcen t  excess a i r  must be 

added t o  a MHF ' i n  o r d e r  t o  ensure complete combustion o f  t h e  sludge. 
Besides enhancing c o n t a c t  .between f u e l  and oxygen i n  t h e  fu rnace,  these 

r e l a t i v e l y  h i g h  r a t e s  o f  excess a i r  a d d i t i o n  a r e  necessary i n  o r d e r  t o  
compensate f o r  normal v a r i a t i o n s  i n  b o t h  t h e  o r g a n i c  c h a r a c t e r i s t i c s  o f  the, 
s ludge  feed and t h e  r a t e  a t  wh ich  i t  e n t e r s  t h e  i n c i n e r a t o r .  

inadequate amount o f  excess a i r  i s  a v a i l a b l e ,  o n l y  p a r t i a l  o x i d a t i o n  o f  t h e  

carbon w i l l  occur  w i t h  a r e s u l t a n t  i nc rease  i n  emissions o f  carbon monoxide, 

soo t ,  and hydrocarbons. Too much excess a i r ,  on t h e  o t h e r  hand, can cause 

inc reased  en t ra inmen t  o f  p a r t i c u l a t e s  and u n n e c e s s a r i l y  h i g h  f u e l  
consumption.. 

Another i m p o r t a n t  parameter i n  t h e  o p e r a t i o n  o f  a ' m u l t i p l e - h e a r t h  

sewage sludge i n c i n e r a t o r  i s  t h e  r a t e  o f  feed o f  t h e  s ludge cake. Any 
sudden inc rease  o r  decrease i n  l o a d  t o  t h e  fu rnace  can s e v e r e l y  a f f e c t  t he  

performance o f  t h e  i n c i n e r a t o r . "  A sharp i nc rease  i n  t h e  r a t e  o f  feed has 

been shown t o  lower  t h e  combustion zone i n  the  furnace. This can 

subsequent ly l e a d  t o  a decrease i n  temperature w i t h i n  t h e  combustion. zone 
and t h e  p o t e n t i a l  f o r  t h e  f i r e  t o  be ex t i ngu ished . .  Conversely,  a s.udden 

decrease i n  furnace l o a d  can cause e x c e s s i v e l y  h i g h  temperatures i n  the  

fu rnace  w i t h  t h e  a t tendan t  r i s k  o f  damage t o  t h e  r e f r a c t o r i e s  and r a b b l e  
c a s t i n g s .  The m o i s t u r e  con ten t  o f  t h e  s ludge feed must a l s o  be :ke?t 

r e l a t i v e l y  cons tan t  f o r  t he  same r.easons. 
M a i n t a i n i n g  a u n i f o r m  raze of feed i n t o  a i4HF can be d i f f i c x l t . .  

however. F i r s t ,  mechanicai sludGe dewater ing  dev ices  a re  no t  cacable o f  

p roduc ing  a s ludge cake of p e r f e c t l y  un i fo rm m o i s t u r e  conten t .  Second, a t  
most i n c i n e r a t i o n  p l a n t s ,  t h e  s ludge i s  f e d  d i r e c t l y  from t h e  t rea tment  
f a c i l i t y  t o  t he  dewater ing  dev ice ,  and then d i r e c t l y  i n t o  the  i n c i n e r a t o r .  

H o l d i n g  tanks a r e  n o t  u s u a l l y  a v a i l a b l e  t o  independent ly  c o n t r o l  t h e  r a t e  of 

s ludge i n p u t  i n t o  t h e  fu rnace.  
an hour  ( o r  more) f o r  t h e  s ludge t o  descend from t h e  d r y i n g  zone t o  the  

combustion. zone i n  a mul.t ip1.e-hearth i n c i n e r a t o r . "  
furnace l o a d  may n o t  be n o t i c e d  by t h e  fu rnace  opera to rs  i n  t ime t o  take 

c o r r e c t i v e  a c t i o n .  

. .  

When an 

A r e l a t e d  problem i s  t h a t  i t  may take  up t o  

Thus, a change i n  t h e  

Moreover, t h e r e  w i l l  be an a d d i t i o n a l  de lay  b e f o r e  t h e  
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incinerator  responds t o  these correct ive measures and  operations become 
s tab le .  

The speed a t  which the rabble arms are rotated can a l so  have a c r i t i c a l  
’ 

impact on t h e  operation of a multiple-hearth inc inera tor .  Typically,  t he  
rotat ional  speed can be varied between 0 and  3 revolutions per minute. 
the speed of the rabble mechanism i s  increased, the r a t e  of drying i n  the 
upper hearths i s  increased and the  combustion zones tends t o  r i s e .  
Combustion will  a l s o  tend t o  take place in a g rea te r  number of hearths.  
Experimental data have a l so  demonstrated t h a t  the temperature of the ho t t e s t  

12 hearth wil l  decrease as  the  speed of the  rabble arm ro ta t ion  i s  increased. 
The’opposite e f f e c t s  a r e  observed-when the speed of the rabble motion i s  ’ 

decreased. 
However, changes i n  the speed of ro ta t ion  of the rabble arms wil l  

As 

i n i t i a l l y  have j u s t  the opposite e f f ec t s  of those described above. 
example, an  increase in the rabble.arm speed.wil1 i n i t i a l l y  create.an 
internal increase in  the l o a d  t o  the combustion zone. This will  cause a 
tempprary.dec1 ine of the b u r n i n g  zone and an overa1.1 ... decrease in  the 
temperature o f  the lower hearths. 
t o  s t a b i l i z e  a f t e r  the speed of the r a b b l e  arms i s  changed. 
t rans ien t  furnace i n s t a b i l i t i e s  caused by such changes in the speed o f  the 
rabble motion, adjustment of r a b b l e  arm ,speed i s  not a n  e f f ec t ive  means o f  

control l ing the process of combustion i n  a muitiple-hearth inc inera tor .  
Rather, the speed o f  the rabble movement should be s e t  slow enough t o  form 
good furrows in the sludge, b u t  f as t  enough t o  avoid crust ing o f  the sludge 
in the upper hearths. The optimum speed i s  a function of the sludge 
moisture content and  loading r a t e .  

For optimum performance, the temperature p ro f i l e  within the furnace 
s h o u l d  be control led by adjust ing the f i r i n g  ra te  o f  the burners. 
only those burners located immediately above  a n d  below the combustion zone 
s h o u l d  be used (depending on the number o f  hear ths ,  and  the  capac i t ies  of 
the avai lable  burners). 
d r y i n g  zone and can decrease turbu1,ence in the upper hearths.  

Theorectically,  combustion can become s e l f  sustaining in  a MHF when 
sludges having a heating value of a t  l e a s t  10,000 Btu/lb, a moisture content 

For 

From 1 t o  3 hours are  required fo r  a MHF 
Because o f  the 

13 

Ideal ly ,  

This allows a g rea t e r  sludge residence time in the 
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, 
o f  l e s s  than 75 percent ,  and' a v o i a t i l e  s o l i d s  f r a c t i o n  o f  a t  l e a s t  60 t o  

65 percen t  a r e  i n c i n e r a t e d .  
h i g h e s t  temperature i n  the .  furnace may o n l y  be about  900°F, which i s  

i n s u f f i c e n t  t o , c o m p l e t e l y  des t roy  odor caus ing  organ ics .  l4 Even a t  minimum, 

excess a i r  r a t e s ,  some a u x i l l i a r y  f u e l  m u s t  be burned i n  MHF's i n  o rde r  t o  
m a i n t a i n  a minimum temperature o f  1350'F f o r  d e s t r u c t i o n  o f  o d o r i f e r i o u s  

ma t e r i  a 1 s . 

However, under autogenous c o n d i t i o n s  t h e  

15 

As d iscussed above, t h e  o p e r a t i o n  o f  m u l t i p l e - h e a r t h  s ludge 

i n c i n e r a t o r s  i s  compl ica ted  by t h e  number o f  process v a r i a b l e s  i nvo l ved ,  a s  
w e l l  as  by t h e  t r a n s i e n t  na tu re  o f  some o f  t h e  responses observed when these 

v a r i a b l e s  a r e  a l t e r e d . .  .As  a means t o  e s t a b l i s h  g u i d e l i n e s  f o r  t h e  o p e r a t i o n  
o f  MHF i n c i n e r a t o r s ,  p a r t i c u l a r y  f o r  reduc ing  t h e  amount o f  f u e l  consumed, a 

s u b s t a n t i a l  amount o f  bo th  t h e o r e c t i c a l  and e m p i r i c a l  research has r e c e n t l y  

been conducted by t h e  I n d i a n a p o l i s  Center for .Advanced Research (ICFAR). 
A l though t h e  b e s t  mode o f  .. o p e r a t i n g  any i n c i n e r a t o r  i s  a f u n c t i o n  o f  

numerous s i t e - s p e c i f i c  c o n d i t i o n s ,  a number o f  genera l  procedures have been 
e s t a b l i s h e d  as t h e  r e s u l t  of  t h e  I C F A R  work. 

i n c l u d e :  

16 

bhese _ .  o p e r a t i o n a l  g u i d e l i n e s  
. .  

1. 
2. Maintenance o f  s iudge combustion on t h e  lower  bu rn ing  hear ths ;  

3. 

U t i l i z a t i o n  o f  s h a f t  c o o l i n g  a i r  as combustion a i r ;  

Use o f  on1y.those burners  l o c a t e d  o n ,  o r  immediate ly  ad jacent  t o ,  

the  combustion h e a r t h ( s ) ;  
Maintenance o f  r a b b i e  a r m  speed a s  s low a s  poss ib le ;  

M i n i m i z a t i o n  o f  a i r  leakage i n t o  t h e  i n c i n e r a t o r ;  
Maintenance o f  s ludge l o a d i n g  r a t e s  a t ,  o r  below, des ign  c a p a c i t y ,  

and; 

4. 
5. 
6. 

7.  Maintenance o f  excess a i r  a t  25 t o  50 percent .  

A t  i n c i n e r a t o r s  where these procedures have been p u t  i n t o  p r a c t i c e ,  

f ue l  sav ings of  from 30 t o  70 percent  have been a t t a i n e d .  1''18 Moreover, 
t h e r e  a r e  some i n d i c a t i o n s  t h a t  t h e  o p e r a t i o n a l  procedures which r e s u l t  i n  

The r e l a t i o n s h i p  between. o p e r a t i n g  procedures and p a r t i c u l a t e  emiss ions i s  
d iscussed i n  more d e t a i l  i n  Chapter 3. 

reduc t i ons  i n  fue l  use a l s o  r e s u l t  i n  decreased emiss ions of p a r t i c u l a t e s .  19 



. .  . .  
. .  

2.3.3 Fluidized-Bed Incinerators  
Since i t s  or ig ina l  development as a method f o r  recovering c a t a l y s t s  in 

the  o i l  ref ining industry,  fluidized-bed technology has been applied t o  a 
wide range of i ndus t r i a l  processes. The f i r s t  fluidized-bed reactor ,  
designed spec i f i ca l ly  f o r  incinerat ion of sewage sludge, was i n s t a l l e d  in 
1961 in Lynwood, Washington. 

o f . a  fluidized-bed sludge incinerator .  Like multiple-hearth furnaces,  
fluidized-bed inc inera tors  (FBF)  a r e  cy l ind r i ca l ly  shaped and or iented 
ve r t i ca l ly .  The outer  shqll  i s  constructed o f  s t ee l  and i s  l ined  w i t h  
refractory.  Tuyeres a re  located a t  the base of the furnace within a 
refractory l ined gr id .  A bed of sand, approximately 2.5 f e e t  t h i ck ,  r e s t s  
upon the g r id .  

Two general configurations can be distinguished on the basis  of how the 
f lu id iz ing  a i r  i s  injected in to  the furnace.  
the a i r  i s - f i r s t  passed t h r o u g h  a heat exchanger where heat . i s  recovered 
from the h o t  f l ue  gases. 
d i r ec t ly  i n t o  the furnace. 

25 f e e t .  The corresponding range i n  the freeboard area i s  30 t o  525 square 
f e e t .  Fluidized-bed incinerators  have sludge l o a d i n g  ra tes  of between 30 t o  
50 !.wet !b/hr/sa. f t .  (rcughly 5 times higher t h a n  nui l iple-hear th  furnaces:. 
eurning capac i t ies  o f  i B F  uni t s  range From me-half  t o  15 tons of wet sludge 
per hour. 

2.3.3.2 Operating cha rac t e r i s t i c s .  P a r t i a l l y  dewatered sludge i s  fed 
i n t o  the lower portion o f  :he furnace. Air injected t h r o u g h  the tuyeres a t  
pressures o f  from 3 t o  5 psig,  simultaneously f lu id i zes  the bed of h o t  sand 
and  the incoming sludge. Temperatures of 1400 t o  17OOOF a re  maintained i n  
the bed. Residence t.imes are  on the order of 2 t o  5 seconds. 
burns, f ine  ash pa r t i c l e s  a re  car r ied  o u t  t h e  t o p  of the  furnace. 
i s  a lso . rmoved i.n the a i r  stream; sand make-up requirements are on t h e  
order of 5 percent f o r  every 300 hours.of operation. 

2.3.3.1 Design cha rac t e r i s t i c s .  F i g u r e  2-3 depicts  the cross-section 

In  the " h o t  windbox" design 

Al te rna t ive ly ,  ambient a i r  can be. injected 

The physical dimensions of FSF un i t s  range from diameters of 6 t o  

As the sludge 
Some sand 

2-17 
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S I G H T  GLASS-= FF 

Figure 2 - 3 .  Cross-sectional View of a Fluid-bed Sewage 
Sludge Incinerator .  
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The overal l  process of combustion of t h e  sludge occurs in ' two zones. 
W i t h i n  the  bed i t s e l f  (zone 1) evaporation of the water and pyrolysis  of the  
organic mater ia l s  occur nearly.  simultaneously as the temperature of the 
sludge i s  rap id ly  raised.  
remaining f r e e  carbon and combustible gases a r e  burned .  
functions e s s e n t i a l l y  as an  af ter-burner .  

number of advantages. First, the turbulence i n  the bed f a c i l i t a t e s  the 
transfer of heat from the hot sand p a r t i c l e s  t o  the sludge. Similar ly ,  
nearly ideal  m i x i n g  is  achieved between the sludge and the combustion ait-as 
a result , o f  the g rea t ly  increased surface a reas  ava i lab le .  F ina l ly ,  the 
sand provides a r e l a t i v e l y  uniform source of  heat w i t h i n  the  bed. 

The most not icable  impact of the better b u r n i n g  atmosphere provided by 
a fluidized-bed inc inera tor  i s  seen in . the amount of excesz a i r  required for 
complete combustion of the  sludge. Fluidized-bed sludge inc inera tors  can 
achieve complete combustion with 20.tO 50 percent excess a i r .  T h i s , i s  about 

h a l f  the amount  of excess a i r  typica,lly required fo r  inc inera t jng  sewage , 

sludge, in  multiple-hearth furnaces.  As a consequence, FBF , incinerators  have 
generally lower fuel requirements compared to  MHF inc inera tors .  

most c r i t i c a l  operating var iable .  There i s  an upper l imi t  on the r a t e  of 
heat t r ans fe r  t h a t  can be achieved f o r  a given quant i ty  o f  sand. I f  the  
r a t e  o f  sludae feed exceeds the b u r n i n g -  capaci ty  of the sand bed, comhujtii,fi 
will  not be complete. Similar ly ,  e i t h e r  a rapid increase in the overai;  
furnace load o r  i n  the  t o t a l  moisture content of t he  sludge wil l  lead t o  
ccagulation o f  the  sludge i n t o  heavy masses. de?ress the bed, ?nd h a l t  
combustion. I t  i s  a l so  important, f o r  the same reasons, t o  ensure t h a t  an 
adequate residence time i s  ava i lab le  for the sludge t o  b u r n  completely. 
However, due t o  t h e i r  exce l len t  mixing c h a r a c t e r i s t i c s ,  as well as t h e i r  
sho r t  residence times, fjuidized-bed sludge inc inera tors  a re  l e s s  vulnerable 

. than MHF's t o  f luc tua t ions  i n  the Fate of s ludge,  and t o t a l  moisture i n p u t  
i n to  .the furnace. Moreover, any d i s r u p t i o n  of combustion wi l l  occur almost 

In  the  second zone, (freeboard area-) the 
The second zone 

20 

From the  standpoint of combustion, f l u id i za t ion  of the  sludge has a 

: . 

.. 

Controll ing the r a t e  of feed of the sludge i n t o  the inc inera tor  i s  the 

3 
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immediately, and can be more eas i ly  detected and corrected by the operators 
of the furnace. 
2 . 3 . 4  Elec t r i c  Incinerators  

commerical use f o r  the  incinerat ion of sewage sludge. 
were i n s t a l l e d  in  the  middle and l a t e  1970's. 
un i t s  are l e s s  than one ton of  wet sludge per h o u r .  

hor izontal ly  or ien ted ,  insulated furnace. 
length of the furnace. 

, above the conveyor be l t .  Combustion a i r  i s  preheatkd by the f l u e  gases and 
i s  injected in to  the  discharge end o'f. the furnace. 
cons i s t  of  a number of pre-fabricated modules, which can be linked together 
t o  provide the necessary furnace length. A schematic of an e l e c t r i c  sludge 
inc inera tor  i s  p r o v i d e d  i n  Figure 2-4. 

The e l e c t r i c  furnace i s  the newest o f ' t h e  technologies cur ren t ly  in , 

Most of these un i t s  
The capac i t ies  of ex is t ing  

2.3.4.1 Design cha rac t e r i s t i c s .  E lec t r i c  inc inera tors  cons is t  o f  a 

Infrared heating .elements a r e  located i.n the roof 

E lec t r i c  inc inera tors  

A b e l t  conveyor extends the 

2.3.4.2 Operatinq cha rac t e r i s t i c s .  The dewatered sludge cake i s  
.conveyed in to  one end of the inc inera tor .  An  in te rna l  r o l l e r  mechanism 
.levels the  sludge in to  a continuous layer  approxi.mately one inch thick 
across the width o f  the b e l t .  The sludge i s  dryed and then burns as i t  
moves beneath the infrared heating elements. Ash i s  .discharged i n t o  a 
hopper a t  the opposite end o f  the furnace. 

a n d  i s  fur ther  heated by the o u t g o i n g  a s h .  
countercurrent t o  the  movement a f  the sludge a l o n g  the csnveyor. 
gases leave the furnace a t  the feed end. 
2 . 3 . 5  Other incinerator  Designs 

A number of other technologies have been used f o r  incinerat ion o f  
sewage sludge including cyclonic reac tors ,  ro ta ry  k i l n s ,  and wet oxidation 
reac tors .  These inc inera tors  are  no  longer in widespread use, and  wil l  be 
only b r i e f l y  described. 

capacity appl icat ions.  
l ined  w i t h  re f rac tory .  

. .  

The preheated combustion a i r  enters  the furnace above %he ash hopper  

Exhaust 
Tihe direct ion o f  a i r  flow ;s 

2.3.5.1 Cyclonic reac tors .  The cyclonic reactor i s  designed f o r  small 

I t  i s  constructed 'of a cy l indr ica l  chamber t h a t  i s  
Preheated combustion a i r  i s  introduced into,  the 
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chamber tangent ia l ly  a t  high ve loc i t i e s .  
toward the hot re f rac tory  walls.  Combus ion i s  rapid: the residence tim 
of the sludge i n  the chamber i s  on the order  o f  10 seconds." The ash i s  

removed with the f l u e  gases. 

(~1200 l b / h r ) .  
the  upper end receiving both the  sludge feed and the combustion a i r .  
burner i s  located a t  the  opposite end of the k i ln .  
speed o f  about 6 inches per second. 
below the burner. 

The sludge i s  sprayed r ad ia l ly  

2.3.5.2 Rotary k i lns .  Rotary ki lns  a l s o  have l imited capac i t ies  
The k i ln  i s  incl ined s l i g h t l y  t o  the horizontal  plane, w i t h  

A 
The k i ln  ro t a t e s  a t  a 

Ash i s  deposited in to  a hopper located 

This process i s  not s t r i c t l y  one of 
inc inera t ion ,  b u t  o f  oxidation a t  elevated temperature and  pressure in the 
presence of water. 
specif ied amount o f  compressed a i r .  
a s e r i e s  o f  heat exchangers before enter ing a pressurized reac tor .  
temperature of  the  reactor  i s  held a t  from 350 t o  600°F. Steam i s  usually 
used f o r  a u x i l l i a r y  heat. 
the reactor and  are f ina l ly . separa ted  i n  a t a n k  or lagoon: 

,2.3.5.3 Wet oxidation reactors .  

Untreated sludge i s  f i r s t  g round  and  mixed with a 
The mixture i s  then c i r cu l? t ed  t h r o u g h  

The 

The water and remaining ash are c i rcu la ted  o u t  of  

2.4 REGULATORY B A C K G R O U N D  
2 . 4 . 1  . .  Selection of  Sewage Sludge Incinerators  f o r  NSPS 

Sewage sludae incinerators  were originall ; /  se lected f o r  NSPS 

development i n  I973 o n  the basis of  t h e i r  potent ia l  t o  emit s ign i f i can t  
quan t i t i e s  o f  par t i cu la t e  ma t t e r ' i n to  the atmosphere. 
l e s s  emphasis was given t o  re tent ion of ash in  sludge inc inera tors  compared 
t o  other types of  incinerat ion i lnits .  Moreover, concern was expressed wor 

the potent ia l  o f  sludge inc inera tors  t o  emit " s ign i f i can t  concentrations" of 
mercury and  other  tox ic  materials." Although p r i o r  t o  1973 a l l  sludge 
inc inera tors  i n  the U.S. were control led w i t h  wet scrubbers, nearly a l l  o f  
the;e operated a t  low pressure drops ( 2  t o  8 i n .  W . G . )  w i t h  a t tendant  low 
removal e f f i c i enc ie s .  
not exp l i c i ty  apply t o  incinerat ion .of sewage sludge. 

i t  was noted t h a t  

In addi t ion,  ex is t ing  s t a t e  and local regulat ions d i d  
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P r i o r  t o  proposal  o f  a NSPS f o r  sewage.sludge i n c i n e r a t i o n ,  15 p l a n t s  
having v i s i b l e  emissions o f  l e s s  than  10 pe rcen t  o p a c i t y  were v i s i t e d .  

of  these f a c i l i t i e s  were eva lua ted  as t o  t h e  f e a s i b i l i t y  of  per fo rming  
emissions measurements. F i v e  l o c a t i o n s  were subsequent ly s e l e c t e d  f o r  

t e s t i n g :  t h r e e  m u l t i p l e - h e a r t h  and two f l u i d - b e d  u n i t s .  Four o f  t h e  

se lec ted  i n c i n e r a t o r s  were c o n t r o l l e d  by l ow  energy (2.5 t o  6.0 i n .  W.G.) 

impingement-type scrubbers; one o f  t h e  f l u i d  bed u n i t s  was equipped w i t h  a 

v e n t u r i  scrubber o p e r a t i n g  a t  a p ressure  drop  o f - 1 8  inches o f  water .  The 

r e s u l t s  o f  these s tack  t e s t s  a r e  p resented  i n  Tab le  2-3. On t h e  b a s i s  of  
these t e s t s ,  a p a r t i c u l a t e  emissions s tandard  o f  0.031 g r / d s c f  was proposed 
i n  1973 f o r  new sewage s l u d e  i n c i n e r a t o r s .  .An o p a c i t y  l i m i t a t i o n  o f  

10 percent  was al,so proposed. 

2.4.2 Cur ren t  NSPS f o r  Sewage Sludge I n c i n e r a t o r s  

t h a t  a standard based on t h e  c o n c e n t r a t i o n  o f  t h e  p a r t i c u l a t e  m a t t e r  i n  t h e  
f l u e  gases would l e a d  t o  unacceptable e r r o r  due t o  the  d i f f i c u l t i e s  i n  

.. d i s t i n g u i s h i n g  between combustion a i r  a s  opposed t o . d i l u t i o n  a i r  i n  . 
m u l t i p l e - h e a r t h  furnaces.,  Thus, t h e  promulgated standard f o r  p a r t i c u l a t e  

m a t t e r  was expressed on a mass bas i s ,  and s e t  a t  1.3 l b / t o n  o f  d r y  s ludge 

i n p u t .  

mercury of 3200 grams pe r  day. 

Sewage Treatment P l a n t s ,  a p p l i e s  t o  i n c i n e r a t o r s  b u i l t  o r  m o d i f i e d  a f t e r  

June 11, 1973. Any i n c i n e r a t o r  t h a t  b u r w w a s t e s  c o n s i s t i n g  o f  more t h a n  

10 percent  sewage sludge ( d r y ) ,  o r  charaes nore  than 1000 kg o f  sewage 

sludge pe r  day, i s  s u b j e c t  t o  the  standard.  

A f a c i l i t y  i s  cons idered t o  have commenced c o n s t r u c t i o n  on t h e  da te  

t h a t  a cont inuous program o f  c o n s t r u c t i o n  s t a r t s ,  o r  on t h e  da te  t h a t  a 

c o n t r a c t u a l  agreement, i n c l u d i n g  economic p e n a l t i e s  f o r  c a n c e l l a t i o n ,  i s  
s igned. 

t h e  amount of  p a r t i c u l a t e  m a t t e r  em i t ted ,  a l s o  become s u b j e c t  t o  t h e  NSPS. 

Each 

On February 28, 1974, t h e  proposed s tandard  was amended. It was f e l t  

The o p a c i t y  s tandard  was a l s o  changed from 10 percent  t o  20 percen t .  
" ' Sewage sludge i , nc ine ra to rs  a re  a l s o  s u b j e c t  t o  f e d e r a l  emission l i m i t s  f o r  

The r e v i s e d  E!SPS promulgated a s  Subpart  0, Standards o f  Performance f o r  

E x i s t i n g  f a c i l i t i e s  t h a t  are m o d i f i e d  i n  any way which inc reases  
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A device must be i n s t a l l e d  t o  measure the amount o f  sludge charged i n t o  
the incinerator t o  w i t h i n  5 .percent  accuracy. 
f o r  taking grab samples of the sludge. No provision i s  made i n  the ex is t ing  
standard f o r  monitor ing e i t h e r  pa r t i cu la t e  emissions (through periodic s t a t k  
t e s t i n g ) ,  or s tack opacity, '  from sludge inc inera tors .  
2.4.3 S t a t e  Regulations 

t h r o u g h  wr i t ten  requests  t o  the  regional o f f i c e s  of EPA as well as by 
telephone contac ts  t o  S ta t e  o f f i ces .  
ident i f ied  s ince  the  l a s t  NSPS review was conducted i n  1978. The appl icable  
S ta t e  regulat ions a re  br ief ly .  discussed below. 

Twenty-two s t a t e s  t r e a t  sewage sludge inc inera tors  a s  a d i s t i n c t  source 
category. In these s t a t e s ,  the  federal  NSPS i s  applied.  Most o ther  s t a t e s  
have general standards t h a t  encompass incinerat ion of a l l  types of municipal 
wastes and refuse.  

Access must a l s o  be p r o v i d e d  

S ta t e  regulat ions a f fec t ing  sewage sludge inc inera tors  were surveyed 

No changes i n  these regulat ions were 

. .  

These standards a re  usual ly  l e s s  s t r ingen t  t h a n  the  . 

I n  o r d e r t o  assess  s t a t e  requirements .for monitoring emissions from 

. 

. ex i s t ing  NSPS f o r  sludge inc inera tors .  

sewage sludge inc ine ra to r s ,  the  regulat ions in 11 s t a t e s  were surveyed. 
Over 70 percent of a l l  f a c i l i t i e s  cur ren t ly  incineratfng sewage sludge i n  
the  U.S. are located in these 11 s t a t e s .  The r e s u l t s  of t h i s  survev a re  
provided in Table 2-4. 

!n s i x  of the  j t a t e s ,  some provision i s  made t o  monit3r e i t h e r  
pa r t i cu la t e  emissions (through periodic stack tesu) or opaci ty .  
these s i x ,  however, the f a c i l i t i e s  a f fec ted  by the  monitoring requirement 
a re  t o  be determined on a case-by-case basis a t  the d iscre t ion  of the  
Administrator. 
authori ty  has ever been applied t o  sewaqe siudae incjnerators  i n  these 
s t a t e s .  
would exclude v i r t u a l l y  a l l  sludge inc inera tors .  

Connecticut has a s t a tu to ry  requirement f o r  the  i n s t a l l a t i o n  of a stack 
opacity recorder on a l l  inc inera tors  w i t h  a waste reduction capacity of more 
than 2000 pounds per hour. 
submitted t o  the  Administrator on a quar te r ly  basis .  

. 

In nos< a f  

There i s  no ind ica t ion .  however, :hat  t h i s  dizcret ionary 

The cut-off of 100 tons of  par t icu la te /year  applied i n  Cal i fornia  . 

Opacity readings must be summarized and  
Connecticut does n o t ,  
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however, t r e a t  t h e  inc inera t ion  of sewage sludge a s  a d i s t i n c t  source 
category. 
incinerators  i s  not e n t i r e l y  c l e a r .  

monitoring requirement t h a t  would l i k e l y  a f f e c t  f a c i l i t i e s  inc inera t ing  
sewage sludge. 
be developed p r io r  t o  the grant ing of an operating permit. Although the 
exact content of  the Operating Procedure i s  determined on a p lan t -spec i f ic  
bas i s ,  the procedure should de ta i l  how s p e c i f i c  operating prac t ices  will  
minimize emissions. Operators of a f fec ted  f a c i l i t i e s  a r e  required t o  show 
conformity w i t h  these prac t ices  i n  an annual ,summary report  t o  the 
Adm i n i s t r a t  or .  

T h u s ,  the a p p l i c a b i l i t y  of the requirements t o  sludge 

Massachusetts i s  the only o ther  S t a t e  i n  the sample t h a t  has a 

Massachusetts requires  t h a t  a "Standard Operating Procedure" 

Since .only Connecticut and Massachusetts appear t o  have ex is t ing  
monitoring programs f o r  sludge inc ine ra to r s ,  personnel a t  both the s t a t e  and 
local level were contacted i n  these s t a t e s  f o r  fu r the r  information. EPA's 
Region I o f f i c e  was a l so  contacted f o r  f u r t h e r  d e t a i l s .  The information 
obtained from these contacts  i s  presented b.elow. . 

incinerator  t o  i n s t a l l  a device t o  continuously monitor and record stack 
opacity,  t h i s  requirement i s  general ly  not excercised on sludge 
 incinerator^.'^ Opacity monitors have been found to  not operate properly 
when placed i n  the s tack of an inc inera tor .  :he major problem encountered 
in monitoring opacity i s  the moisture content of the  inc inera tor  f l u e  gas. 
A t  typical  inc inera tor  s tack gas  temperatures o f  approximately 12O"F, a l l  of 
the  moisture (10 t o  30 percent) i n  the  gas i s  condensed. 
i s  t ha t  the !ens cf  the  transmissometer can be e a s i l y  fouled by so l id s  and 
o i l s  i n  inc inera tor  f l u e  gases.24 
monitors confirms t h a t  they wi l l  not operate properly i n  such environments 
w i t h o u t  prior dehumidification and reheat ing of the f l u e  gas. 25 For these 
reasons, i n s t a l l a t i o n  of opacity monitors on sewage sludge incinerators i s  
generally n o t  required,  and no enforcement act ion has ever been taken i n  
Connecticut on the basis o f ' opac i ty  recordings.' 

Althoug'h Connecticut could lega l ly  require  an operator of a sludge 1 

A r e l a t ed  problem 

The major manufacturer of opaci ty  
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The Standard Operating Procedure (SOP) required by the  S t a t e  of 
26 Massachusetts i s  general ,  and does not follow any s p e c i f i c  format. 

Normally, o n l y  such information as. shut-down procedures in  case of scrubber 
malfunction, maintenance procedures and schedules ,  and operator t r a in ing  ' 

programs would be required.  Each inc ine ra to r  would, however, be t r ea t ed  on 
a case-by-case basis  and more s p e c i f i c  information on operating prac t ices  
could po ten t i a l ly  be required in  cer ta in  ins tances .  
inc inera tor  f a i l s  a n  i n i t i a l  compliance t e s t ,  a n d , t h e  reason for such 
f a i l u r e  can be cor re la ted  t o  s p e c i f i c  operating parameters, the  S ta t e  may 
require  t h a t  these parameters be monitored." However, n o , s p e c i f i c  instance 
could be iden t i f i ed  where an inc inera tor  was required t o  maintain and  
monitor a s p e c i f i c  operating parameter within a spec i f ied  range, or where an  
enforcement ac t ion  has been i n i t i a t e d  on the basis  o f  an SOP repor t .  

There i s  nonetheless,  some i n t e r e s t  in  both Connecticut and  

Massachusetts . to  require  more de ta i led  monitoring o f  inciner.ator operating 
prac t ices .  Sludge moisture content and scrubber pressure d r o p  have been 
c j t e d  as .two var iab les  t h a t  m i g h t  be.mare c lose ly  monitored.28 
objec t ive  in strengthening these requiremen.ts would be t o  improve inspection 
procedures. There a r e ,  however, no  formal p l a n s  t o  i n s t i t u t e  a scheme t o  
more closely monitor  Operating conditions a t  sludge incinerat ion i a c i i i t i e s .  

For example, i f  an  

The primary . .  
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3.0 EMISSION CHARACTERISTICS, STATUS OF CONTROL TECHNOLOGY, 
A N D  COMPLIANCE STATUS OF SEWAGE SLUDGE INCINERATORS , *  

3.1 INTRODUCTION A N D  SUMMARY OF FINDINGS 
3.1.1 Introduction 

The object ive of t h i s  chapter i s  t o  i nves t iga t e  the  emission 
cha rac t e r i s t i c s  of sewage sludge inc inera tors  and t o  evaluate  their  a b i l i t y  

i n p u t .  
tors  which have begun operating during the past  f i v e  years .  
experience of sludge inc inera tors  i n s t a l l e d  p r io r  t o  1978 has been 
previously reviewed. 

The types o f  technologies employed t o  control . pa r t i cu la t e  emissions 
from sludge incinerators  a r e  ident i f ied  and discussed in Section 3 . 2 .  . ' 

Trends over t he  pas t  ten years-.in the  types o f  control technologies most 
widely used a re  discussed. The type of coptrol  device most widely used 
s ince 1978 i s  described in d e t a i l .  

sludge inc inera tors .  
wei.1 as the manner i n  which the inc ine ra t a r  i s  operated,  can have on 

uncontrolled emizsion r a t e s  i s  a l so  assessed i n  t h i s  sect ion.  

with the ex is t ing  NSPS i s  addressed. 
conducted in  1978 2t-e 5riefl.v summarized. 
of inc inera tors  i n s t a l l e d  s ince 1978 a r e  presented and evaluated. 

b r i e f l y  reviewed i n  Section 3.5. 

'nat ional  emissions o f  par t icu la tes  from inc inera tors  t h a t  a r e  expected t o  be 
in s t a l l ed  between 1985 and' 1990. 

' _  t o  meet the  ex is t ing  NSPS of 1 .3  pounds of p a r t i c u l a t e  per ton of dry sludge 
This evaluation i s  .focused o n  the compliance experience of incinera-  

The compliance 

1 

Section 3.3,  discusses uncontrolled emission c h a r a c t e r i s t i c s  of sewage 
ihe.impact' t ha t  the qua l i t y  of the s l u d g e  feed,  as 

I n  Section 3 . 4 t h e  capab i l i t y  of sewage sludge inc inera tors  t o  comply 
Firs t ,  t he  r e s u l t s  of  the review 

Second, the compliance experience 

The potent ia l  of  sewage sludge inc inera tors  t o  emit tox ic  substances i s  

I n  the f ina l  sect ion of this chapter an es t imate  i s  made of the  
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3.1.2 Summary of Findings 

operating over the past five years commonly employ combination 
venturi/impingement-tray scrubbers to control particulate emissions. 
most cases, these scrubbers are operated at total pressure drops of 
approximately 30 inches of water. The standard could likely be achieved at 
pressure drops of less than 30 in. W . G . ,  although higher pressure drops are 
commonly employed to account for typically wide variations in the 
particulate loading at the scrubber inlet. 

nearly exclusive .use o f  combination venturi /impingement-tray scrubbers t o  
control emissions from multiple-hearth incinerators. Prior to- 1978 only . 
about 20 percent of multiple-hearth incinerators were equipped with venturi/ 
impingement-tray scrubbers. 
incinerators installed after 1978 utilize this technology, however. Three 
of the four new fluidized-bed incinerators are also equipped with 
combination venturi/. impingement,-tray control devices. .. Although all , . 
electric incinerators installed.since 1978 utilize a venturi, only one.of 
these is followed by an impingement-tray scrubber. 

The average pressure drop for all scrubbers installed after 1978 i s  

approximately 25  i n .  W.2. This is higher than the average pressure droo o f  
19 in. N.G. for the control devices in u s e  when the NSPS was reviewed in 
1978. The trend toward increasing pressure drops for scrubbers 2pplied to 
sludge incinerators reflects the wide variability in the amount of 2articu- 
lates that potentially may enter the scrubber, rather than widespread 
difficulties in meeting the WSPS. Emissions from most of the inciner?tgrs 
installed after 1978 are well under the NSPS limit. Moreover, severa: 
incinerators equipped with control systems operating at considerably lower 
pressure drops have achieved the NSPS. 

incinerators are.highly variable. 
uncontrolled emissions can range from less than 10 1b/dry ton input to over 
400 lbldry ton. 

Multiple-hearth and fluidized-bed incinerators that have begun 

In 

Over the past ten years there has been a distinct trend toward the 

All but three of the 17 multiple-hearth 

Uncontrolled rates of particulate emissions from sewage sl.udge 
On the basis of the available data, 

Var'iability in the quality of the sludge feed, as well as 
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t h e  manner i n  which an i n c i n e r a t o r  i s  .operated, a r e  r e s p o n s i b l e  f o r  t h e  

v a r i a b i l i t y  observed i n .  u n c o n t r o l l e d  emiss ions f rom s ludge i n c i n e r a t o r s .  

There i s  some ev idence t o  suggest t h a t  u n c o n t r o l l e d  emiss ions can be 

decreased by improv ing  i n c i n e r a t o r  o p e r a t i n g  p r a c t i c e s .  However, no 

q u a n t i t a t i v e  c o r r e l a t i o n  has been i d e n t i f i e d  between any s p e c i f i c  o p e r a t i n g  

parameter(s)  and u n c o n t r o l l e d  p a r t i c u l a t e  emiss ions.  

w i t h  an a p p r o p r i a t e . c o n t r o 1  dev ice,  can ach ieve  t h e  e x i s t i n g  New Source 
Performance Standards. 

begun o p e r a t i n g  i n  t h e  p a s t  f i v e  years ,  12 a r e  o f f i c i a l l y  i n  compliance w i t h  
t h e  'NSPS. 

demonstrated t h e  c a p a b i l i t y  t o  meet t h e  NSPS d u r i n g  u n o f f i c i a l  t e s t s ,  b u t  

has n o t  y e t  o f f i c i a l l y  compl ied w i t h  t h e  s tandard .  
f l u id i zed -bed  s ludge i n c i n e r a t o r s  ' i n s t a l l e d  s ince  1978 a r e  i n  compliance 

w i t h  the  standard. 
two were unab le  t o  ach ieve  t h e  NSPS. However, b o t h  o f  these u n i t s  a r e  

inches W.G. One e l e c t r i c  i n c i n e r a t o r  i s  o f f i c i a l l y  i n  compl iance,  w h i l e  

another  has n o t  y e t  been tes ted .  

.Sewage sludge' i n c i n e r a t o r s  a l s o  e m i t  p o t e n t a i l l y  ' t o x i c  t r a c e  element;. 

3ata f o r  12 ;ewaae s ludge i n c i n e r a t o r s  i n d i c a t e  t h a t  emissions o f  t r a c e  
elements a r e  h i g h l y  v a r i a b l e .  For  example, c o n t r o l l e d  emissions o f  cadmium 

ranged f rom 0.003 l b l d r y  ton  s ludge t o  0.06 l b / d r y  ton.  O v e r a l l ,  t h e  
h ighes t  c o n t r o l l e d  t r a c e  element emiss ions were f o r  lead ,  which can range 

f rom 0.002 up t o  0.1.6 l b l d r y  ton  s ludge:  and averaged 0 . 0 5 ' l b / t o n .  na ta  oc 
u n c o n t r o l l e d  t r a c e  element emiss ion  r a t e s  from 6 i n c i n e r a t o r s  averaged 0.03 

l b / t o n  f o r  cadmium, 0.18 l b / t o n  f o r  chromium, 0.08 l b / t o n  f o r  n i c k e l ,  0.45 
l b / t o n  f o r  lead,  and 0.02 l b / t o n  f o r  a r s e n i c .  The e f f i c i e n c y  o f  c o n t r o l  
dev ices i n  removing t r a c e  elements from i n c i n e r a t o r  f l u e  gases i s  g e n e r a l l y  

l e s s  than t h a t  f o r  t o t a l  p a r t i c u l a t e s .  F o r  t h e  s i x  i n c i n e r a t o r s  tes ted ,  
c o n t r o l  e f f j c i e n c i e s  wer'e l owes t  f o r  l e a d  (average = 63 pe rcen t )  and f o r  

New sewage s ludge i n c i n e r a t o r s ,  when c o r r e c t l y  opera ted  and equipped 

O f  t h e  17 mu1 t i p l e - h e a r t h  i n c i n e r a t o r s  t h a t  have 

Four new u n i t s  have n o t  y e t  been tested.,  The remain ing  
' 

' m u l t i p l e - h e a r t h  i n c i n e r a t o r ,  l o c a t e d  i n  Providence, Rhode I s l a n d ,  has 

A l l  o f  t h e  f o u r  

O f  t h e  f o u r  e l e c t r i c  i n c i n e r a t o r s  i n s t a l l e d  s i n c e  1978, 

' .equipped wi.th scrubbers opera ted  a t  ve ry  low pressure  drops o f  8 t o  IO .. 
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cadmium (average.= 83 percent). . There is no apparent correlation between 
the pressure drop of the control devices and their corresponding removal 
efficiencies for trace elements. 

It is estimated that an additional 245,000 dry tons of sludge will be . 
incinerated annually at 18 new wastewater treatment plants by the year 1990. 

Assuming a maximum particulate emission rate of 1.3 lb/dry ton sludge, the 
increase in national particulate emissions from sewage sludge incinerators 
would be 160 tons in 1990. 

3.2 EMISSION CONTROLS APPLIED TO SEWAGE SLUDGE INCINERATORS 

been contrblled by wet scrubbers. 
that a sewage treatment plant. provides a relatively inexpensive source of 
scrubber water (plant effluent is used) and a system for treatment of the 
scrubber effluent is available (spent scrubber water is fed to the head o f  
the treatment plant for solids removal). 
scrubber applications has demonstrated success in meeting pollution control 
5tandards for particulate matter. This, section identifies the' types o f  

particulate matter emission controls applied to sludge incinerators and 
focuses on the controls which are currently most widely used. 
3.2.1 

Particulate emissions from sewage s1,udge incinerators have historically . .  
The most obvious reasons for this are 

In addition, a long history of 

Control Technologies Appiied Prior to ,1978 

Table 3-1 shows the estimated distribution o f  emission controls acplied 
to sludge incinerators prior t o  1978. As Table 3-1 indicates, a wide 
variety of emission controls were applied to all types of incineraxors prior 
to 1978. The types of controls shown in Table 3-1 range from low pressure 
d r o p  spy! towers and wet cyc?ones (pressure drops from 4 to 0 inch I d . G . 1 ,  

to higher pressure drop venturi scrubbers and venturilimpingement-tray 
scrubbers (pressure drops from 12 to 40 inch W.G.). 
pressure drop scrubbers were utilized prior to proposal of the NSPS in the 
early seventies. The most widely used type of control device apolied to 
multiple-hearth incinerators was the impingement-tray scrubber. 
venturi/impingement-tray scrubbers were most widely applied to fluidized- 
bed incinerators. Most electric incinerators used venturi scrubbers. 

In general, the lowest 

Combination 
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3.2.2 Control Technologies Applied After 1978 
Table' 3-2 shows the distribution of emission control technologies 

applied to sewage sludge incinerators built since 1978. 
in this table were collected as part of the survey described in Chapter 2. 
The control device installations included in Table 3-2 represent'all 25 of 
the new incinerators identified in this study as being built since 1978. 

Table 3-2 shows that most of the sewage sludge incinerators installed 

The data presented 

. .  

since 1978 are equipped with ventur i / imp ingement - t ray  scrubbers. 
1978, only 20 percent of the multiple-hearth incinerators used venturi/ 
impingement-tray scrubbers, but after 1978, this number increased to nearly 
90 percent. 
equipped with combination venturi/impingement-tray 'scrubbers. New el.ectric 
incinerators are controlled predominantly by individual venturi scrubbers. 

range from 10 to 45 inch W.G. In general, this represents an increase in 
pressure drop over the same type of scrubberased prior t o  1978. 
following section presents a brief process description for a typical 

3.2.3 'Venturi/ Impingement-Tray Scrubber Description 
Figure 3-1 presents a simplified diagram o f  a typical venturi/ 

impinyement-tray scrubber. 
incinerator and enters the 7recoo'ling or quench section of the scrubber. 
Spray nozzles in the quench section cool the incomina gas and Lie quenched 
gas then enters the venturi section o f  the control device. 

Before 

Three of the four new fluidized-bed incinerators are also 

Pressure drops for the venturi/impingement scrubbers shown in Table 3-2 

The 

venturi/impingement-tray scrubber .system. . .  

As the figure shows, hot gas exits. the 

Venturi water is usually pumped into an inlet weir above the quencher. 
The venturi water enters the scrubber above the throat and floods t h e  +hroat 
completely. 
Turbulence created by high gas velocity in the converging throat section 
deflects some of the water travelling down the throat into the gas stream. 
Particulate matter carried along with the gas stream impacts on these water 
particles and on the water wall. As the scrubber water and flue'gas leave 
the venturi section, it passes into a flooded elbow where the stream 
velocity decreases allowing the water and gas to separate. 

This eliminates buiid-up of solids and reduces abrasion. 

Most venturi 
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TABLE 3-2. DISTRIBUTION OF EMISSION CONTROL TECHNOLOGIES APPLIED 
TO SEWAGE SLUDGE INCINERATORS AFTER 1978 

Control Type 

Range of I 

Pressure Drops 
Total Number Percent of Total (in. w.g.) 

Multiple Hearth Incinerators 
Venturillmoinaement-Trav 15 - 
Fabric Filter- 1 
Impingement Tray 1 

Total 17 

Fluidized Bed Incinerators 
VenturilImDinqement-Tray 3 

88 
6 
6 

75 , -  - 
Venturi 1 25 

Total 4 

Electric Incinerators 
Venturi 3 .  
Venturi /Impi ngement-Tray 1 

Total 4 
75 
25 

10 - 45 
10 
- 

4Za 
DNR 

8 - 10 
10 

aData Not Recorded 

.. 
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Gas from Incinerator 

I 1 j l , ,  1 
/ F1 ooded 

El bow 

Water from 'Treatment 
Outflow 

Figure 3-1. Cross-Sectional View o f  a Venturi/Impingement- 
Tray Scrubber 
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sect ions dome equi'pped w i t h  var iab le  th roa t s .  
area within the venturi, the l i n e a r  gas ve loc i ty  i s  increased and  the 
pressure drop i s  subsequently increased. 
the venturi  pressure drop increases the removal' e f f ic iency .  

connecting duct t o  the base of the  impingement-tray tower. Gas veloci ty  i s  
fu r the r  reduced upon en t ry  t o  the tower as the  gas stream passes upward 
t h r o u g h  the  perforated impingement t rays .  
from i n l e t  ports on opposite s ides  and  flows across the t ray.  
th rough  each perforat ion i n  the  t r a y ,  i t  c rea t e s  a j e t  w h i c h  bubbles up  the 
water and  fu r the r  en t ra ins  so l id  p a r t i c l e s .  
mist e l iminator  t o  reduce the  carryover of water droplets  in the  stack 
e f f luen t  gas. The impingement sect ion can contain from 1 t o  4 t r a y s ,  b u t  
most systems f o r  which d a t a  are  ava i lab le  have 2 o r  3 t r a y s .  . - 

A l t h o u g h  pressure drop information f o r  individual components of the 
venturi/impingement-tray scrubber system i s  l imi ted ,  ava i lab le  data show 
t h a t  the impinger sect ion usually.accounts f o r  j u s t  under one-third o f . t h e  
overall scrubber pressure d rop .  As shown in Table 3-2, overal l  pressure 
drops range f.rom 10 t o  45 inch W.G. Individual impingement-tray tower 
pressure drops range between 5 and  10 inch W.G. 

treatment plant .  The t o t a l  so l id s  content o f  the i n l e t  scrubber water 
depends on the performance o f  the waz?r treatment p l a n t .  
one p l a n t  b u i l t  a f t e r  1978 indicates  a permissible t o t a l  s o l i d s  content of 1 
t o  5 percent. 

3.3 UNCONTROLLED ENSSIONS %OM SEI4AGE SiUCGE iNCIIIERATGRS 
The following sect ion describes the uncontrolled emission charac te r i s -  

t i c s . o f  sewage sludge inc inera tors .  The discussion focuses on (1) t h e  
differences in emission c h a r a c t e r i s t i c s  for '  the three  major types of 
inc inera tors ,  and ( 2 )  the  fac tors  a f f ec t ing  uncontrolled emissions. 
3.3.1 Uncontrolled Emission Charac te r i s t ics  of Sludqe Incinerators  , 

Uncontrolled pa r t i cu la t e  emission r a t e s  can vary widely depending o n '  
the type of inc inera tor ,  t he  v o l a t i l e s  and moisture content of the sludge, 

By r e s t r i c t i n g  the th roa t  

Up t o  a ce r t a in  poin t ,  increasing 

A t  the  base of the flooded elbow, the g a s  stream passes t h r o u g h  a 

Water usually en ters  the t rays  
As gas passes 

A t  the t o p  of the  tower i s  a 

. .  

As noted e3r l ie r , ,  scrubber water cons is t s  o f  e f f luen t  from the water 

Design d a t a  f o r  

3 
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and ttie' overall operating practices employed. Generally, uncontrolled 
particulate. emissions from fluidized-bed incinerators are the highest 
because suspension burning results in most of the ash being carried out of 
the incinerator with the flue gas. 
hearth and fluidized-bed incinerators are extremely variable, however: 
Electric incinerators appear to have the lowest rates of uncontrolled 
particulate release. 

measured during compliance testina, uncontrolled emissions data are 
limited. 
new, as well as older, incinerators are represented in the table. 

For the 2 1  multiple-hearth incinerators listed in Table 3-3 

uncontrolled particulate emission rates range from about 5 lbsldry ton 
sludge input to over 450 lb/ton. The average emission rate for the 2 1  

multiple-hearth incinerators is 89 lb/ton. Both of the incinerators with 
the highest uncontrolled emission rates burn a sludge having relative!y 
low percentage of volatile solids. Nonetheless, in order to emit 
450 lb/ton,.a large percentage'of the inert materials would have to be 
discharged with the furnace exhaust, 
from these incinerators was probably being suspended by incoming air and 
emi,tted with the flue g.as. 

emission rates, Indianapolis K and ME9L 0, are excluded, the average 
uncontrolled emission ratas for the multiple-hearth incinerators listed in 
Table 3-3 decreases t o  51 lbldry ton sludge input. 

Uncontrolled emission rates for the 12 fluidized-bed incinerators 
listed i n  Table 3-? rsnae from !3 t s  34: !b/dr!: ton input :>fit5 :n :ver?ce -f 

approximately 88 lb/ton. The results obtained from the incinerators in 
Lynwood and Edmonds, Washington, are notable in that they demonstrate the 
wide fluctuations in uncontrolled emissions that can occur from a single 
incinerator, burning a sludge of relatively constant volatiles and moisture 
content, at a relatively constant loadina rate. 

The data available for electric incinerators indicate a range of 
uncontrolled particulate emissions of from 3 to 17 lb/ton with an average 
Of 11.2 lb/ton. 

Uncontrolled emissions from multiple- . ,  

Since particulate loadings at the scrubber inlet are not normally 

The available data are presented in Table 3-3. Both relatively 

.. 

As is discussed below, much of the ash 

l f  the two incinerators having the highest 
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. .  

3.3.2 Factors Affecting Uncontrolled Pa r t i cu la t e  Emission Rates From 
Sewaqe Sludge Incinerators  

There a r e  numerous f ac to r s  t h a t  may i.nfluence the  amount of pa r t i cu la t e  
matter t h a t  i s  discharged from a '  sludge inc ine ra to r  including charac te r i s -  
t i c s  of the sludge and operating pract ices .  Since 1978 attempts have been' 
made t o  ident i fy  co r re l a t ions  between these f ac to r s  and emission r a t e s ,  b u t  
for the  most pa r t ,  no quan t i t a t ive  cor re la t ions  have been found. I t  i s  
important t o  note t h a t  the operating var iab les  of a sludge inc inera tor  a re  
very closely in t e r - r e l a t ed .  W i t h  the data present ly  ava i lab le ,  i t  i s  
v i r t u a l l y  impossible t o  de l inea te  precisely individual cause a n d  e f f e c t  
re la t ionships .  Nonetheless, although the re la t ionships  between operating 

'parameters and  uncontrolled emission r a t e s  cannot n o t  be quant i f ied ,  they 
a r e  discussed here in a q u a l i t a t i v e  manner. 

3 . 3 . 2 . 1  Sludge c h a r a c t e r i s t i c s .  The two major cha rac t e r i s t i c s  of 
sewage sludge which may, d i r e c t l y  or i n d i r e c t l y ,  a f f e c t  the r a t e  of  
uncontrolled emissions from sludge inc inera tors  are  the moisture content .and 

the  percent of v o l a t i l e  so l id s  in the sludge feed., As the  moisture content 
.of the 's ludge increases ,  o r  as  the v o l a t j l e  sol?ds content decreases,  more 
fuel i s  required t o  bu rn  the  sludge. As more fuel  i s  consumed, the amount  
of a i r  flowing t h r o u g h  the incinerator  i s  a lso  increased. Higher a i r  f l o w  

r a t e s  increase the o p p o r t u n i t y  fo r  pa r t i cu ia t e  rnatter t o  be entrzined \ w i t h i n  
the exhaust gases. 
compound t h i s  problem by a l so  incrgasing the quant i ty  c i  i ne r t  materia!: 
presenr: . 

par t i cu la t e  emissions by making i t  mor? ?ffficult t o  obtain 3 c z r - e c t  .'r:liry 
p ro f i l e  within a multiple-hearth incinerator .  
preceding chapter,  too rapid drying c'an lead t o  severe turbulence in the 
upper hearths. 
a l so  increase the amount o f  so l id s  t h a t  become entrained in the exhaust 
gases. 

can a f f ec t  uncontrolled emissions, no d i r e c t  cor re la t ion  i s  c l ea r ly  evident 

Sludges-having a low jercentage o f  v o l a t i l e  so l ids  

The moisture content o f  the sludge can a l s o  have an  i nd i r ec t  e f f e c t  on 

As mentioned i n  the 

A h i g h  degree o f  turbulence in the drying hearth.(s)  m i g h t  

Although the moisture content and  v o l a t i l e  s o l i d s  content of the sludge 
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between these parameters. 
Merrimack, New Hampshire, listed in Table 3-3, burn a sludge having a very 
high moisture content. 
however, were less than the average for the total number of multiple-hearth' 
furnaces listed. Similarly. uncontrolled emissions from the NERL B 

incinerator were very low, although this unit burns a relatively high 
moisture content sludge. 

One aspect of the design of multiple- 
hearth incinerators that has been clearly related to uncontrolled emission 
rates is the ash discharge system." In some mu1 tiple-hearth incinerators 
.air is allowed to enter into the ash drop ho.le at the base of the furnace. 
This allows virtually all of the fines in the ash to be suspended and drawn 
back into the incinerator. 
emission rates measured at both the Indianapolis # 2  and MERL D incinerators 

For example, the two incinerators located in 

The uncontrolled emissions from these furnaces, 

. .  

3.3.2.2 Ash discharge system. 

The unusually high uncontrolled particulate 

13,14 were probably caused by this problem.. .. 
' 3.3.2.3 Operating practices. A number of incinerator operating 

practices have the.potentia1 to impact uncontrolled emissions from sewage 
sludge incinerators.. These include, but are not' limited to, (1) sludge feed 
rate, (2) excess air rate, (3) rabble arm speed, (4) combustion zone loca- 
tion, ( 5 )  burner use profile, and  (6) combustion air flow geometry. 
delivery of a consistent quality and quantity of sludge is kejrin nai'n- 
taining steady state incinerator operations. 
variable can have a tota'ily independent effsct on emissions. 
combustion zone location'is influenced strongly by both the sludge feed rate 
and the rabble arm speed, as well as by the burner use profile. 
ootimum operating c9nditions within a sludae incinerator requires ;?n 
optimization of many individual and closely inter-related parameters. 

Operating practices have only been indirectly implicated as a factor . 

that may affect uncontrolled emission rates. There are only two documented 
cases (discussed below) where changes in operating procedures have led to 
reduced emissions from sewage sludge incinerators. 
these instances, emissions measurements were made at the outlet, rather than 

~ 

The 

However, no single operating 
For examole, 

Achieving 

However, in both of 
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the inlet, of the control devices. Thus, it is not absolutely certain that 
the emission reductions achieved were due entlrely 'to decreases in the 
amount of particulate being discharged from the furnace. 
changes could also potentially lead to reduced emission rates by improving 
the efficiency of the scrubber. Scrubber efficiency will be affected by the 
particle size distribution, the velocity of the furnace exhaust gas, as well 
as by the concentration of the particulate matter in the exhaust gas. 
However, it is unlikely that changes in operating practices could result in 
major decreases in controlled emissions by increasing the efficiency of the 
control device alone; any major decrease in the controlled emission rate 
would imply a corresponding decrease in the total quantity of particulates 
entering the scrubber. 

The first case where operational modifications have led to reduced 
emissions was at the Indianapolis incinerators. The operational changes 
were performed by the Indianapolis Center for Advanced Research ( I C F A R )  and 
were primarily directed toward reducing the fuel consumption of the' 
incinerators. 

combustion kinetics, parametric data, and on data. obtained from operational 
trial runs. The result of these analyses was specific operating ranges for 
key incinerator operating variables. For the I n d i a n a p o l i s ' i n c i n e r a t o r s  

(eight identical multiple-hearth furnaces with eight hearths each) the 

foilowing operating conditions were specifi2d: 

Operational 

. .  

_ .  .I 

15 

The program instituted by ICFAR was based on theoretical ana1ysi.s o f  

1. Maintain excess air at 25 to 50 percent. 
2. Utilize cooling air from the center shaft for combustion air. 
3 .  Maintain siudae combustion on hearth 6 .  

4. Utilize burners on hearth 6 only; if additional fuel is required 
utilize hearth 4 burners. 

5. Maintain sludge cake loading to design rates ( 7  tons/hour). 
6 .  Employ slowest possible shaft speed (0.6 rpm). 
7. Maintain furnace draft of .02 to .04 inches.of water. 

In addition, the program instituted by I C F A R  called for installation of 
instruments to monitor sludge flow rate, oxygen levels in' the furnace 
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. .  . .  

exhaust, and fuel flow ra t e s .  
remotely control fuel  and  a i r  supply i n t o  the incinerators .  .F ina l ly ,  a 
d e t a i l e d  operating manual was devised and used i n  conjunction with on-s i te  
operator t ra in ing  in  the new operating mode. 

reduced by 34 percent a f t e r  the new ope ra t ing  program was begun. Moreover, 
subsequent t e s t ing  showed pa r t i cu la t e  emissions t o  have decreased by 
approximately 70 percent compared t o  those measured before the fuel  saving 
program was i n s t i t u t e d .  In more de ta i led  follow-up s tudies  on  inc inera tor  
#2, an attempt was made t o  f ind direct co r re l a t ions  between emissions and 
individual inc inera tor  operating parameters. 
were found, however, although the  lowest emissions overall  occurred a t  the 
slowest rabble arm speed. ICFAR concluded t h a t  additional t e s t s  were 
required t o  f i l l  t he  void t h a t  e x i s t s  i n  the analyt ical  a n d  operationai 
understanding of how incinerator  operating mQdes a f f e c t  pa r t i cu la t e  
emi s s i  ons . 

Control systems were a l s o  i n s t a l f e d  t o  

Over an  'eight m o n t h ,  f u l l  sca le ,  p lan t  demonstration, fuel  use was 

No consis tent  co r re l a t ions  

ICFAR i n s t i t u t e d  a s imi la r  operating program fo r  the multiple-hearth 
incinerator  located in Providence, Rhode Is land. .  As will  be discussed in 
the following sec t ion ,  the Providence inc inera tor  f a i l ed  t o  meet the NSPS 
during i n i t i a l  compliance t e s t ing ;  control led emissions averaged 2.20 l b / d r y  
%on sludge input d u r i n g  %he f i r s t  t e s t  in Gctober 1980. The object ive in 
i n i t i a t i n g  ;he new operating mode a t  Providence was t o  reduce b o t h  f u e l  

consumption a n d  pa r t i cu la t e  l o a d i n g s  t o  the scrubber. After the ICFAR 
procedures were i n i t i a t e d  in the spring of 1982, along with general improve- 
ments in the condition of the  p l an t ,  fuel  consumption decreased by a b o u t  
70 percent. 
85 percent on the basis  of a n  unoff ic ia l  t e s t  conducted in July 1982, and  by 
50 percent on the basis  of a n  o f f i c i a l  t e s t  performed in  August 1982. 
Similar t o  the Indianapolis inc inera tors ,  emission reductions of t h i s  
magn j tude  suggests t h a t  the  rate of uncontrolled pa r t i cu la t e  re lease  was 
s igni f icant ly  reduced as the  r e s u l t  of changes in incinerator  o p e r a t i n g  
pract ices .  The experience .a t  Providence wil l  be.discussed in  more de t a i l  in 
the following section. 

Controlled pa r t i cu la t e  emissions were rEduced by nearly 

' 

. 
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Some a d d i t i o n a l  i n s i g h t s  i n t o  t h e  r e l a t i o n s h i p  fietween o p e r a t i n g  

parameters and u n c o n t r o l l e d  emiss ion  r a t e s  have b& ob ta ined  f rom work 

c a r r i e d  o u t  b y  E P A ' s  M u n i c i p a l  Environmental  Research Labora to ry  (MERL). I n  

t e s t s  conducted on t e n  sewage s ludge i n c i n e r a t o r s ,  r e d u c t i o n s  i n  gas 

v e l o c i t y  were shown t o  reduce t h e  amount o f  p a r t i c u l a t e  d ischarged from t h e  

fu rnace.  
v e l o c i t y ,  however. A l though r a b b l e  arm speed ad jus tments  were n o t  shown t o  

have any e f f e c t  on t h e  amount o f  p a r t i c u l a t e  d i scha rged  from t h e  fu rnace,  

t h e r e  were some i n d i c a t i o n s  t h a t  decreas ing  r a b b l e  arm speed may r e s u l t  i n  

i nc reases  i n  t h e  average p a r t i c l e  s i z e .  Thus, l o w e r i n g  t h e  speed o f  t h e  

r a b b l e  arms may serve  t o  compensate f o r  t h e  l o w e r  average p a r t i c l e  s i z e s  

o b t a i n e d  when s teps  a r e  taken (by  l o w e r i n g  excess a i r  o r  s ludge  feed r a t e s )  

t o  reduce gas v e l o c i t i e s .  

The average p a r t i c l e  s i z e  a l s o  decreased w i t h  decreas ing  gas 

3.4 ACHIEVABILITY OF THE STANDARD 
In .  t h i s  s e c t i o n  t h e  a c h i e v a b i l  i t y  o f  t h e  c u r r e n t  .NSPS f o r  sewage sludge 

i n c i n e r a t o r s  i s  assessed on t h e  bas i s  o f  t h e  exper ience t h a t  f a c i l i t i e s  

F i r s t ,  t h e  ' 

compliance exper iences  o f  f a c i l i t i e s  i n s t a l l e d  p r i o r  t o  1978 w i l l  be b r i e f l y  

summarized. I n  a d d i t i o n ,  some fo l l ow-up  s t u d i e s  performed i n  response t o  

t h e  r e s u l t s  ob ta ined  from t h e ' e a r l i e r  rev iew  o f  t h e  s tandard  i n  1978 w i l l  be 

simmarized. Second, t h e  compl iance exper ience o f  i nc ine ra t ' o rs  i n s t a l l e d  
a f t e r  1978 w i l l  be addressee. 

3.4.1 Compliance Exper ience o f  I n c i n e r a t o r s  I n s t a l l e d  P r i o r  t o  1978 

r e v i e w  3f t h e  'ISPS. 

i n f o r m a t i o n  on sludge c h a r a c t e r i s t i c s ,  t h e  types  o f  c o n t r o l  dev ices  

employed, as w e l l  as t h e  emiss ion  l e v e l s  achieved. 
Of  t h e  26 i n c i n e r a t o r s ,  4 m u l t i p l e - h e a r t h  u n i t s  were unab le  t o  meet t h e  

standard.  O f  t hese  f o u r ,  however, o n l y  t h e  f a i l u r e  o f  t h e  Merrimack, 
New Hampshire #2 i n c i n e r a t o r  t o  meet t h e  s t a n d a r d  c o u l d  n o t  be reasonab ly  

exp la ined,  a l t h o u g h  some ev idence impl - ied t h a t  t h e  ' h igh  m o i s t u r e  c o n t e n t  o f  

t h e  s ludge burned a t  Merrimack m igh t  be r e ~ p o n s i b 1 e . l ~  Between 1977 and 

- a f f e c t e d  by the  NSPS have 'had  i n  complyihg w i t h  t h e  s tandard .  

The compl iance exper ience of  26 i n c i n e r a t o r s  was addressed i n  t h e  1978 
17 Tab le  3-4 lists these i n c i n e r a t o r s ,  and ? r z v i d e s  
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1979 a number o f  m o d i f i c a t i o n s  were made ' to  t h e  scrubber. These i n c l u d e d  

e l i m i n a t o r ,  decrease o f  t h e  v e n t u r i  t h r o a t  d iameter ,  and t h e  a d d i t i o n  o f  

f o u r  impingement p l a t e s  w i t h i n  t h e  c y c l o n i c  separa to r  housing. 

of these m o d i f i c a t i o n s  i n  reduc ing  emiss ions  f rom t h e  Verr imack i n c i n e r a t o r s  

i s  shown i n  Table 3-5.l' As can be  seen i n  Tab le  3-5, b o t h  i n c i n e r a t o r s  

e v e n t u a l l y  were a b l e  t o  demonstrate compl iance w i t h  t h e  NSPS once t h e  

pressure drops o f  t h e  c o n t r o l  dev ices  were i nc reased  t o  40 t o  42 in.  W.G. 

q u a n t i t a t i v e  c o r r e l a t i o n  c o u l d  be e s t a b l i s h e d  between c o n t r o l l e d  emiss ion  

r a t e s  and e i t h e r  t h e  p ressu re  drop o f  t h e  scrubber  o r  t h e  m o i s t u r e  c o n t e n t  

o f  t h e  sludge.. As can be.seen i n  Tab le  3-4, some i n c i n e r a t o r s  were a b l e  t o  
achieve t h e  s tandard  a t  r e l a t i v e l y  low p ressu re  drops.  
t h r e e  i n c i n e r a t o r s  i n  C i n c i n n a t i ,  Ohio, demonstrated compliance w h i l e  u s i n g  

impingement-tray scrubbers o p e r a t i n g  a t  p ressu re  drops of  l e s s  than  10 in. 
W.G. I n  a d d i t i o n ,  some p l a n t s  bu rn ing  a s ludge o f  r e l a t i v e l y  h i g h  m o i s t u r e  

c o n t e n t  ( M a r y v i l l e ,  TN, f o r  .example) e a s i l y  met t h e  s tandard  w i t h  c o n t r o l  
dev ices o p e r a t i n g  a t  moderate p ressure  drops .' 

I n  o r d e r  t o  examine whether c o r r e l a t i o n s  between o p e r a t i n g  v a r i a b l e s  

and c o n t r o l l e d  emiss ions would become apparent  i f  a l a r g e r  da ta  base were 

used, a fo l low-up s tudy  was i n i t i a t e d .  . F o r  t h i s  st,udy, d e t a i l e d  da ta  were 

c o l l e c t e d  on 60 s ludge i n c i n e r a t o r s .  
be found between emiss ions and e i t h e r  scrubber  p r 2 s i u r e  drop,  s ludge 

m o i s t u r e  con ten t ,  o r  s ludge l o a d i n g  r a t e .  .. 

found between emiss ions f rom m u l t i p l e - h e a r t h  i n c i n e r a t o r s  and t h e  p ressu re  

drop o f  t h e  c o n t r o l  dev ices.  The n o i s t u r e  c o n t e n t  o f  the  sludge i s  a l s o  
shown. As can be seen, t h e  r e l a t i o n s h i p  i s  h i g h i y  s c a t t e r e d  and no 

c o r r e l a t i o n  . i s  apparent. 

between emiss ions and scrubber  p ressu re  drop,  t h i s  does n o t  i m p l y  t h a t  t h e  
pressure  drop  o f  a c o n t r o l  dev i ce  has no impact  on p a r t i c u l a t e  emiss ions.  

For  any g i v e n  i n c i n e r a t o r ,  and  any g i v e n  scrubber ,  emiss ions w i l l  i nc rease  

as t h e  p ressu re  drop  i s  decreased; 

. a l t e r a t i o n  o f  t h e  separa to r  system t o  i n c r e a s e  gas v e l o c i t y  t h rough  t h e  m i s t  . , 

The success 

On t h e  b a s i s  o f  t h e  da ta  c o l l e c t e d  d u r i n g  t h e  1978 rev iew,  no 

For example, t h e  

20 

However, no s t rong  c o r r e l a t i o n s  cou ld  

F i g u r e  3-2 shows t h e  r e i a t i o n s n i p  

A l though no q u a n t i t a t i v e  c o r r e l a t i o n  has been g e n e r a l l y  e s t a b l i s h e d  

I n v e r s e l y ,  emiss ions can be  decreased b y  
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Figure 3-2. Mult iple-Hearth Inc inerator  Emissions Versus 
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i n c r e a s i n g  t h e  p ressu re  drop o f  t h e  scrubber  (as seen i n  Table 3-5),  a t  
l e a s t  u n t i l  t h e  p a r t i c l e  s i z e  c u t - o f f  f o r  t h e  scrubber  i s  reached. The 

a n a l y s i s  d iscussed i n  t h e  preceed ing  paragraphs o n l y  i n d i c a t e s  t h a t  t h e r e  i s  
no s p e c i f i c  emiss ion  r a t e  ( l b l d r y  ' ton  s ludge) '  t h a t  can be u n i v e r s a l l y  
c o r r e l a t e d  w i t h  a s p e c i f i c  p ressure  drop. 

3.4.2 

. ,  

Compliance Exper ience o f  I n c i n e r a t o r s  I n s t a l l e d  A f t e r  1978 

Sewage s ludge i n c i n e r a t o r s  t h a t  have come under t h e  NSPS s i n c e  1978 a re  

l i s t e d  i n  Table 3-6. I n f o r m a t i o n  i s  p rov ided  on the  types o f  c o n t r o l  

dev ices  used, s ludge c h a r a c t e r i s t i c s ,  and emiss ion  r a t e s  achieved by these 

i n c i n e r a t o r s .  
O f  t he  17 m u l t i p l e - h e a r t h  i n c i n e r a t o r s  l i s t e d  i n  Table 3-6, 1 2  a r e  i n  

compliance w i t h  t h e  NSPS. Only' 

t h e  i n c i n e r a t o r  l o c a t e d  i n  Providence, Rhode I s l a n d ,  has f a i l e d  t o  achieve 

t h e  NSPS. The A t t l e b o r o  i n c i n e r a t o r  d i d ,  however, f a i l  t o  meet t h e  s tandard  
d u r i n g  i n i t i a l  compl iance t e s t s .  A l l  f o u r  o f  t h e  f l u i d i z e d - b e d  i n c i n e r a t o r s  

i n s t a T l e d  s i n c e  1978 have achieved t h e  NSPS. .Of t he  f o u r  e l e c t r i c  
i n c i n e r a t o r s  l i s t e d  i n  Table 3-6, o n l y  one i s  i n  compliance w i t h  t h e  

t h a t  have f a i l e d  t o  meet t h e  s tandard  a r e  d iscussed i n  more d e t a i l  i n  

Sec t i on  3.4.2.1. 

. 
Four new u n i t s  have n o t  y e t  been t e s t e d .  

. 

' standard.  One e l e c t r i c  i n c i n e r a t o r  has n o t  y e t  been tes ted .  I n c i n e r a t o r s "  

The average p a r t i c u l a t e  emission r a t e  achieved by a l l  new m u l t i p l e -  

h e a r t h  i n c i n e r a t o r s  i s  0.76 l b / d r y  t o n  o f  s ludge  i n p u t .  I f  t h e  P r o v i d e n c i  
i n c i n e r a t o r  i s  ?xc luced,  t h e  average emiss ion  r a t e  f o r  f a c i l i t i e s  i:i 

compliance i s  0.67 l b / t o n .  

standard.  The pressure  drops o f  t he  scrubbers employed t o  meet t h e  s tandard  

ranged from 10 t o  45 i n .  '4.S. 
m u l t i p l e - h e a r t h  i n c i n e r a t o r s  i s  about 28 i n .  W.G. Apparent ly ,  however, many 

O f  t h e  m u l t i p l e - h e a r t h  i n c i n e r a t o r s  l i s t e d  i n  Table 3-6 c o u l d  have achieved 

t h e  s tandard  a t  lower  p ressure  drops. I n  one ins tance ,  Youngstown, Ohio, 
the '  s tandard  i s  b e i n g  met w i t h  a scrubber o p e r a t i n g  a t  a p ressu re  drop o f  
Only 10 i n .  W.G. 

come under t h e  NSPS s i n c e  1978 i s  0.74 l b / t o n .  

This is  approx ima te l y  one -ha l f  o f  t he  a l l o w a b l e  

The averaqe ? ressu r?  drop Cor 211 1-7 

The average emiss ion  r a t e  f o r  t h e  f l u i d i z e d - b e d  i n c i n e r a t o r s  t h a t  have 

The pressure  drops of  t h e  
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scrubbers employed t o  meet the.s tandard were between 30 and  42 in .  W.G. 

i s  the case fo r  multiple-hearth inc inera tors ,  however, the s t anda rd  c o u l d  
evident ly 'be achieved by these uni ts  a t  more moderate pressure drops .  

average emission r a t e  i s  2.22 l b / t o n .  However, the control devices in use 
a t  each of these f a c i l i t i e s  operate a t  low pressure d rops  (average = 

9 in .  W.G.). This i s  s ign i f i can t ly  l e s s  than the pressure d r o p  t h a t  would 
considered be Best Available Control Technology (BACT)  f o r  sewage sludge 
incinerators  . 

3.4.2.1 Discussion o f  inc inera tors  t h a t  have f a i l ed  t o  achieve the 
NSPS. I n  t h i s  section the experience a t  th.e Providence inc inera tor  i s  
addressed in more d e t a i l .  
i t s  original compliance t e s t s ,  the experience there  will  a l so  be b r i e f l y  
reviewed. Because ne i ther  of the . two e l e c t r i c  incinerators  t h a t  have f a i l e d  
t o  meet the standard are  equipped with BACT, these uni ts  wil l  n o t  be  . . . 
considered in a n  assessment o f  the achievabi l i ty  o f  the standard. . 

AS 

For  the three new e l e c t r i c  i n c i n e r a t o r s . t h a t  have been t e s t e d ,  the 

21 

Since the Attleboro incinerator  f a i l e d  t o  pass 

The incinerator  located in Attleboro, Massachusetts, i s  a seven hearth . , . 
. .  unit  with a rated sludge capacity of 3,350 lb /hour . (d rysbas i s ) .  The . .  

incinerator  burns b o t h  sludge and scum from primary a n d  secondary wastewater 
treatment processes. i n e  maximum design feed r a t e  o f  the scum i s  

1.4  gallons/minute. 
computer, a n d  i s  d e s i g w d , f o r  cmpl.etely automatic eperation. 

in December 07 1981. Failure t o  meet the  s t a n d a r d  was d u e  t o  a breakdown o f  
the computer while the t e s t  was in progress." 
computer csntrol  system was r x t i f i e d ,  3 second ser ies  of t e s t s  ~wr: 

conducted i n  February o f  1983. The inc inera tor  was a l so  unable to  achieve 
compliance during t h i s  second s e r i e s  of t e s t s ,  however. The main problem 
encountered during t h i s  t e s t  was in the scum feeding mechanism. 
Originally,  the scum was atomized and injected in to  hearths four and  s ix .  
Besides'a number of  mechanical problems associated w i t h  the scum atomization 
and  in jec t ion  systems, t he  scum injected i n t o  hearth four was not being 
completely combusted. 

-. 
Ooerattcn qf the incinerator  i s  control led by ;? 

The Attleboro inc inera tor  f a i l ed  t o  achieve the YSPS when f i r s t  t es ted  

Once the problem with the  

73 

A t  the time o f  the t e s t ,  i t  was determined t h a t  i f  
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. .  

t h e  Scum were i n j e c t e d  i n t o  h e a r t h  s i x  o n l y ,  w i t h o u t  a tomiza t i on ,  then t h e  

i n c i n e r a t o r  would be a b l e  t o  achieve t h e  ~ t a n d a r d . 2 ~  The i n c i n e r a t o r  'was 

r e t e s t e d  i n  t h i s  mode i n  May 1983, and demonstrated compl iance w i t h  the  

NSPS. 
The i n c i n e r a t o r  l o c a t e d  i n  Providence, Rhode I s l a n d ,  i s  m u l t i p l e l h e a r t h  

des ign  ( n i n e  hear ths )  and a r a t e d  c a p a c i t y ' o f  f rom 2.2 t o  2.8 d r y  tons  o f  

s ludge pe r  hour.  
o f  72 t o  78 pe rcen t  w i t h  a v o l a t i l e  s o l i d s  c o n t e n t  o f  55 t o  75 percent .  

i n c i n e r a t o r  was o r i g i n a l l y  cons t ruc ted  i n  1959. 

made t o  t h e  i n c i n e r d t o r  beg inn ing  i n  t h e  l a t e  1970's.  

were severe enough t o  b r i n g  t h e  u n i t  under t h e  NSPS a t  t h a t  t ime .  

emiss ions averaged 3.20 l b / d r y  t o n  i n p u t  d u r i n g  these t e s t s .  

t h r e e ' s e p a r a t e  t e s t  runs showed emiss.ions t o  be  w i t h i n  t h e  NSPS. 

subsequent i n v e s t i g a t i o n s ,  a number o f  prohlems were i d e n t i f i e d  w h i c h  c o u l d  

have c o n t r i b u t e d  t o  t h e  f a i l u r e  o f  t h e  i n c i n e r a t o r .  t o  achieve'  t h e  standard.  

Many of  t h e  burners  were n o t  f u n c t i o n i n g  p r o p e r l y ,  and some were n o t  

o p e r a t i n g  a t  a l l .  I n  a d d i t i o n ,  numerous. i n s t r u m e n t a t i o n  and c o n t r o i  ,systems 
were o u t  o f  o rde r ,  i n c l u d i n g  t h e  center  s h a f t  speed a l a r m ,  the  temperature 

reco rde r ,  znd the  h igh / l ow  alarms f o r  the ash s l u r r y  tank.  '5 
c o n t e n t  o f -  the s l u q e  burned du r ing  the  t e s t  

which :.]as s i  f g h t l y  1ower. than the  ininimum des ign  s p e c i f i c a t i o n s .  ?he sludqe 

load ing  r a t e  was a i s o  o n l y  about 65 9erc:nt r i i  des ign c a p a c i t y .  Most li!.tel!/ 
a s  a r e s u l t  o f  t h e  poor  s ludge q u a l i t y  and t h e  reduced l o a d i n g  r a t e ,  combus- 

t i o n  was n o t  o c c u r r i n g  on t h e  proper  hear ths .  The scrubber  i n l e t  water  was 
. 3 k o  vF?r:i d i r t y  due t o  e i t h e r  a d i r r y  watar  s t r a i n e r  o!- t o  :n e x c e p t i o n a l l y  

h i g h  t o t a l  s o l i d s  con ten t  i n  t h e  t rea tment  p l a n t  e f f l u e n t  ( n o  q u a n t i t a t i v e  
measurements of  t h e  scrubber  water  s o l i d s  con ten t  were made a t  t h e  t ime o f  
t h e  t e s t ) . 2 6  

c o a t  t h e  i n t e r i o r  o f  t h e  s tack  was p e e l i n g  o f f  d u r i n g  t e s t i n g  and c o l l e c t i n g  

i n  t h e  sampl ing t r a i n . 2 7  F i n a l l y ,  d u r i n g  t h e  1980 t e s t s  an o i l - f i r e d  
a f te rbu rne r  was i n  use which cou ld  have a l s o  c o n t r i b u t e d  t o  excess ive 

28 p a ' r t i c u l a t e  emiss ions.  

Design s p e c i f i c a t i o n s  c a l l  f o r  a s ludge m o i s t u r e  c o n t e n t  

The 

Ex tens i ve  renova t ions  were 

These m o d i f i c a t i o n s  

I 

Compliance t e s t i n g  was i n i t i a l l y  conducted i n  October 1980. Measured 

None o f  t h e  

Dur ing  

. .  

The volat i1.s 

on l y  50 t o  55 percent ,  

It a l s o  was no ted  i n  t h e  t e s t  r e p o r t  t h a t  t h e  p a i n t  used t o  
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As noted previously in the sect ion on uncontrolled ,emission 
characterist ics,  subsequent t o  the i n i t i a l  compliance t e s t i n g ,  a number of 
incinerator  modifications and  'operational changes were made in an e f f o r t  t o  
improve control o'f the incinerat ion system and t o  reduce emissions.. Many of 
these changes were performed in consul ta t ion with ICFAR. 

' 

system modifications and operational changes were i n i t i a t e d  a f t e r  the  1980 
t e s t :  

The following 

1. 

2. 
3. 
4. 

5. 
6. 

7. 
a. 

A temporary oxygen monitor was i n s t a l l e d  upstream of the control device 
t o  a id  operators i n  control l ing the furnace. 
Lnoperative burners were replaced, and  other burners adjusted.  
A sludge feed r a t e  ind ica tor  was. i n s t a l l e d  in the  control room. 
T h e  s l u d g e  'dewatering process was changed t o  a 24 hour cycle t o  
increase the dewatering e f f ic iency  of the f i l t e r  presses and  t o  ensure 
a more consis tent  qua l i ty  feed t o  the inc inera tors .  
All ex is t ing  instruments and controls  were repaired and ca l ibra ted .  
An operating procedure was developed t o  ma-intain combustion o n  the 

prcper hearths. . .  

An on-s i te  operator training.program was in s t i t u t ed .  . .  
The scrubber system was inspected and  a l l  necessary maintenance car r ied  
flu%. 

After these changes were performed, the Providence inc inera tor  was 
unoff ic ia l ly  tes ted .  
sludge i n p u t ;  one-half o f  the allowable NSPS l imi t  and  a n  80 percent 
reduction from the r e su i t s  obtained i n  the i980 tes t .  On the basis o f  these 
r e su l t s ,  an o f f i c i a l  compliance t e s t  was conducted three weeks l a t e r  in 
August  1982. However, during the h g u s t  t es t  the incinerator  f a i l ed  t o  meet 
the allowable emission l imi ta t ion .  

The r e su l t s  of a l l  three separate  emission t e s t s  performed on the 

Emissions during those t e s t s  averaged 0.65 l b l d r y  %on  

Providence incinerator  are summarized.in Table 3-7. 
variables as measured d u r i n g  these tests a re  a l so  provided .  
noticeable difference between the 1380 t e s t s  and those peFformed i n  1982 i s  
the quant i ty  of fuel consumed. 
operational mode, t he  Providence inc inera tor  burned, on average, 34 gallons 

Important operating 
The most 

Pr ior  t o  i n i t i a t i o n  o f  the fuel conserving 

3- 29 



0 - m o  4h*h 

h W W N  * * * . . . .  m m m m  o u m w  w m m m  

oms2 m m m m  u h m m  
4 4 4 

0000 0000 0000 
0000 0000 m m c o o  
'o.co,o'.p' ".pip': cu,o'.xh,o. 
4 - 4 4  m m o m  u w m m  
NNNN 4433 - 4 3 4  

0000 m m o o  0000 
m A N 0  +UO(r,  U O h O  
~ m m m  W W N U  m c o u w  
NNNN 3433 44-3 

o m c o d  m w h u  U ~ W N  

3-03 + m w m  m o o 0  
m m m m  m m m m  ~ m m m  

. . . .  . . . .  . . . .  
.. 

U N O -  ~ m t m r n  - c o m m  
I D ~ N I D  m m m h  O N - m  
. . . .  . . . .  . . . .  

!.hhh w w w u 3  h W h W  

m - ~ m  h - m u  o - m m  
r.rncob* 0000 w m - *  . . .  . . . .  . . . .  
++-e W?m?mm NNNN 

m ~ u o  . o w h m  m m u h  

~ u m m  dddd 3 m 0 -  
U 4 O N  hV)wDID ( U 0 P - W  . . . .  . . . .  

aJ 
VI 
a 
E 

L 
W c 
L 

L 
aJ 
J+ u- 
U 

m 

.r 

a n 

3-30 



of No. 2 fuel o i l  per ton o f  sludge feed. After the operational .chanaes 
were made, average fuel use declined t o  less t h a n  10 gal/ ton.  Flue gas  flow 
ra t e s  decreased as l e s s  fuel was required t o  b u r n  the sludge. The average 
gas flow r a t e  d u r i n g  the 1982 t e s t  was 70 percent 0.F w h a t  i t  was in 1980. 
The data in  Table 3-7 a l so  indicate  t h a t  the  changes made in the dewatering 
cycle were successful in reducing the  moisture content of the sludge. 
average sludge moisture content  during the 1980 tes t  was 76.4 percent,  
compared t o  average moisture contents of 67.8 percent and 69.9 percent 
during the  July and Augus t ,  respect ively,  1982 tes t s .  
1982 t e s t s ,  the sludge feed r a t e  was within design capacity while i n  the 
1980 t e s t  sludge was being fed t o  the inc inera tor  a t  l ess  than minimum, 
design loadings. 

1982 t e s t ,  owing t o  the sharp  increase in emissions during Run  NO.,^. There 
were, however, repeated upsets in the  operation of the incinerator  while t h e  
t e s t  was in progress. These upsets were, f o r  the most p a r t ,  caused by 
external fac tors  t h a t  ult imately in t e r f e red  y i t h  the operation.of the , . 

incinerator .  
i s  ref lected in the a i r  flow r a t e s .  A s  discussed e a r l i e r ,  a n  increase in 
the a i r  flow ra t e  t h r o u g h  the inc inera tor  should r e su i t  in some increase in 
the amount of pa r t i cu la t e  discharged from the furnace. During run No. 2 of 
the August 1382' t e s t ,  the average f lue  gas fiow r a t e  was nearly 20 percent 
higher t h a n  i t  uas during the f i r s t  r u n ,  and emissions increased 
subs tan t ia l ly .  
below, and are based on the conclusions drawn by the operators of the 

29 Provjdence incinerat ion f a c i l i t y .  
Prior t o  the t e s t ,  the incinerator  had been operated on ly  i n t e r -  

mit tent ly  due t o  continuing mechanical problems with the incinerator  and  
associated equipment. 
incinerator  only f i v e  hours before the t e s t  was scheduled t o  begin. 
personnel f e l t  t h a t  t h i s  was . insuf f ic ien t  time f o r  the incinerator  t o  
s t a b i l i z e ,  espec ia l ly  a t  the required feed rates. 

. .  

T h e  

Final ly ,  during the 

The Providence incinerator  f a i l e d  t o  meet the NSPS during the August 

One impa:ct of these upsets on the operation of .the incinerator  

The problems encountered during the August t e s t  are  reviewed 

On the day of the t e s t ,  sludge was f i r s t  fed t o  the 
Plant 
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Approx imate ly  one minute  a f t e r  t he  s t a r t  o f  t h e  f i r s t  r u n  an e l e c t r i c a l  

problem caused a l l  o f  t h e  burners  i n  t h e  i n c i n e r a t o r  t o  go o u t  o f  s e r v i c e .  
I n  t h e  t e n  minutes i t  t o o k  t o  c o r r e c t  t h e  problem, t h e  o p e r a t i o n  o f  t h e  

i n c i n e r a t o r  became even l e s s  s t a b l e .  A f u r t h e r  f a i l u r e  o f  t h e  e l e c t r i c a l  . 
system o c c u r r e d  approx imate ly  one -ha l f  hour l a t e r .  

b e i n g  r e p a i r e d ,  a l l  power t o  t h e  c i r c u i t  was s h u t - o f f .  

i n c i n e r a t o r  c o n t r o l  systems were t i e d  t o  t h i s  c i r c u i t ,  i n c l u d i n g  t h e  oxygen 

ana lyze r  and t h e  sludge scale.  

were n o t  i n fo rmed  t h a t  t h e  power t o  these ins t rumen ts  had been cu t .  

r e s u l t ,  a number o f  i n c o r r e c t  c o n t r o l  responses were made, f u r t h e r  

d i s r u p t i n g  t h e  o v e r a l l .  o p e r a t i o n  o f  t h e  fu rnace.  

f i r s t  t e s t  run.  Due t o  a problem w i t h  a s ludge  feed pump, two o f  t he  vacuum 

f i l t e r s  went o f f - l i n e  caus ing  the  sludge feed  t o  be reduced by about 

50 pe rcen t  f o r  a s h o r t  p e r i o d  o f  t ime. 
i n t e r k p t e d ,  t h e r e  was a n o t i c e a b l e  i nc rease  i n  s t a c k  gas o p a c i t y .  

The v a r i o u s  problems exper ienced w h i l e  t h e  f i r s t  r u n  was i n  p rogress  
c a r r i e d  over  t o ’ t h e  second t e s t  run.  

o p e r a t i n g  which l i m i t e d  t h e  o p e r a t o r ’ s  c o n t r o l  o f  t h e  fu rnace.  Con t inu ing  
problems w i t h  t h e  s ludge feed pumps l e d  t o  an unsteady r a t e  o f  feed  t o  t h e  

furnace.. 

by waste o i l  which had i n a d v e r t e n t l y  been s t o r e d  i n  one o f  t he  s ludge 
h o l d i n g  tanks. 

feed t h e  fu rnace  w i t h  t h e  s ludge from t h i s  tank.  
o i l  caused p e r i o d i c  f l a r e - u p s  i n  t h e  furnace. 

d r y i n g  hear ths .  I n  o r d e r  t o  c o n t r o l  these f l a re -ups ,  t h e  a i r f l o w  throuf lh 
t h e  i n c i n e r a t o r  was inc reased  by opening up t h e  access doors on t h e  upper 
hear ths .  

a i r  f low th rough  t h e  system. When t h e  a i r  f l o w  was increased, carbon 
p a r t i c l e s  wh ich  had b u i l t  up i n s i d e  t h e  exhaust  system were dis lodged. 

Whenever t h e  system a i r  f l o w  was increased, t h e r e  was a cor respond ing  
i n c r e a s e  i n  v i s i b l e  emissions. 

’ 

Whi le  t h e  problem was” 
3 Many o f  t h e  

The opera to rs  o f  t h e  i n c i n e r a t o r ,  however, 

As a 

Problems were a l s o  exper ienced w i t h  t h e  dewater ing ,  sys tem d u r i n g  t h e  

Whi le  t h e  s ludge feed was 

. .  
Several  o f  t h e  burners  .were no t  

The major  problem o c c u r r i n g  i n  t h e  second run, however, was.  caused 

j u s t  p r i o r  t o  the  s t a r t  of r u n  b ! ~ .  2 ,  t he  opera to rs  began t o  

’ 

The presence o f  t h e  was% 

Sludge began t o  bu rn  i n  t h e  

Th is  was es t ima ted  t o  cause a t h r e e -  t o  f i v e - f o l d  i nc rease  i n  t h e  

30 
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In symmary, the Providence incinerator and its associated systems were 
not in good working condition when first tested in 1980 for compli.ance with 
the NSPS. 
the plant and to improve the overall operation of the facility; This ' 

particulate emissions, as evidenced by the unofficial test conducted in 
July, 1982. 
failures prevented the incinerator from reaching a stable level of 
operation. For the most part, these failures were unusual and can not be 
considered as representative of typical operating conditions at the 
facility.. I n  absence of the problems experienced during the August test, 
the Providence incinerator could be reasonably expected to achieve the NSPS. 

A program was subseqently carried out to upgrade the equipment at 

I program was successful in reducing fuel consumption and in reducing 

During the August compliance test, a series of equipment 

' ' 

3.5 EMISSIONS OF TRACE ELEMENTS FROM SEWAGE SLUDGE INCINERATORS 
, . As noted in Chapter 2, one of the original basis of the development of .-  
the NSPS for sewage sludge incinerators was their potential to emit toxic 
trace elements into the.atmosphere. . I n  this section, da.ta on trace,element 
emissions from sludge incinerators are presented and briefly discussed. 
3.5.1 Data Sources and Methods of Pnalysis 

Relatively limited data are available on trace element emissions from 
sludge incinerators. The most complete set of data available is that 
assembled by EPA's Municipal Environmental Research Laboratory (MERL) from 
tests on ten incinerators. 31 In these tests sampling was conducted at both 
the inlet and the outlet of the control device. Thus, the MERL data 
includes measurements of both controlled and uncontrolled trace element 
emissions. 
tested, however. 

one sampling train was available, measurements at the scrubber inlet and 
outlet were not made simultaneously. 
significant error into the data, because release o f  trace elements from 
sludge incinerators can be highly variable over relatively short periods of 

Complete data are available for only 6 of the 10 incinerators 

MERL employed a Source Assessment Sampling System (SASS). Since only 

This could potentially introduce 
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time. 

photometer system with an inductively coupled argon plasma source. 

was developed from tests conducted by EPA's Environmental Sciences Research 
Laboratory (ESRL).32 Four sludge incinerators were tested by ESRL. A 
standard EPA Method 5 sampling train was employed. 
at the outlet of the control device only. 
(probe and filter catch) for trace element composition was performed through 
X-ray f 1 uorescence spectrophotometry. 

installed in Atlantic City;New Jersey.33 
relatively new, having been installed after 1978. The trace element content 
(cadmium and lead only) of the particulates collected during compliance 
testing were measured using standard. X-ray fluorescent techniques. 
3.5.2 

emissions o f  trace elements from six sewage siudge incinerators.. 

reference. 
incinerators,were for lead (Pb). 
1.77 Ib/ton. Average uncontrolled Pb emissions (0.45 lb/ton) were more than 
double those for chromium. Uncontroiled emissions o f  cadmium (id) ranaea 
from 0.002 lb/dry ton sludge to 0.07 lb/ton. 
uncontrolled Cd emissions was 0.03 lb/dry ton. Uncontrolled chromium (Cr) 
anissions were higher, ranging from 9.907 lb/ton to 0.53 lb/ton (avera@e = 

0.18 lb/dry ton). Uncontrolled emissions o f  Nickel (Ni) averaged 0.08 
Ib/dry ton, but were as high as 0.33 from incinerator D. Arsenic (As) 
emissions were generally negligible, with the exception of incinerator A 

which emitted 0.64 lbldry ton sludge. 
however, showed uncontrolled arsenic emissions of less than 0.001 lb/ton. 
Overall, incinerators A and D had the highest rates of uncontrolled trace 
element emissions. 

The particles collected in the front end of the SASS train were 
' separately digested and analyzed for trace element content using a spectro-' 

Another set of data on trace element emissions .from sludge incinerators 

Samples were collected 
Analysis of the particulates 

The 'final data presented in this section are for the incinerator. 
The Atlantic City unit is 

.. . .  
Uncontrolled Emissions o f  Trace Elements 

Table 3-8 summarizes the data collected by MERL on uncontrolled 

The uncontrolled rate of particulate emissions are provided for 

. .  

The highest uncontrolled trace element emissions from the six 
Lead emissions ranged from 0.93 lb/ton to 

The average rate of 

Four of the six incinerators, 

. :. 
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3 . 5 . 3  Controlled Trace Element Emissions 

incinerators are presented in Table 3-9. 

emissions are the highest of all. the trace elements analyzed. 
lead emissions ranged from 0.002 lb/ton to 0.16 lb/ton, and averaged 
0.05 lb/ton for all 12 tests. 
approximately 0.01 lb/dry ton sludge for the 12 incinerators listed. 
is about one-third of the average uncontrolled emission rate for cadmium. 
Average controlled emissions of chromium are four percent of the average 
uncontroUed rate. Average controlled.emissions of nickel are also about 
four percent ‘of the average uncontrolled rate. In all cases, controlled 
emissions of arsenic were negligible. 
0.02 lb/ton reported for incinerator MERL C is probably in error since.the 
uncontrolled As emission rate reported for this incinerator was 
0.0008 lb/ton. As mentioned earlier, however, the inlet and outlet samples 
were not collected simultaneously. 
the outlet’sampling could have ionceivably been higher than it was when the 
measurements were made at the scrubber inlet. 

Data on controlled emissions of trace elements from ,sewage sludge 

. .As in the case of the data on uncontrolled emissions, controlled lead I 

Controlled 

Controlled emissions of cadmium averaged 
This 

The arsenic emission rate of 

Thus, the arsenic emission rate during 

The various data sources are in relatively good agreement for 
‘controlled cadmium emissions. 
0.203 to 0.06 lb/ton, with an average emission rate of 0.01 lb/ton. 
cadmium azta from the Atlantic iit:/ incinerator illustrate the variability 
in emission rates that can occur frcm an individual incinerator. 

reasonably consistent. 
0.03 :b/ton; nickel emissions range from 0.0002 lb/ton to 0.008 lb/ton. 

Controlled cadmium emissions ranged frcm 
The 

The data for controlled chromium and nickel emissions are also 
Chromium emissions range from 0.0002 !b/ton to 

The lead emissions rates reported for both the ESRL incinerators and 
. the Atlantic City incinerator are generally lower than those given in the 
MERL data. 
0.16 lb/dry ton. 

The highest reported controlled emission rate for lead is 
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, .  

3.5.4 Control Ef f ic ienc ies  f o r  Trace Element Emissions 
Using the  MERL d a t a ,  the  e f f ic iency  of control devices in  reducing 

emissions of t r a c e  elements from sewage. sludge inc ine ra to r s  can b e .  
estimated. In Table 3- l0 'both the  type,  and the operating pressure drops,  
of control devices i n  use on the  MERL i nc ine ra to r s  a re  l i s t e d .  The overal'l 
control e f f i c i e n c i e s  f o r  pa r t i cu la t e  emissions a re  shown, and these can-be  
compared t o  the  control e f f i c i e n c i e s  calculated for the  f i v e  t r a c e  elements. 

Based on average data only,  control e f f i c i e n c i e s  for  t r a c e  metals a r e  
l e s s  than those f o r  t o t a l  pa r t i cu la t e s .  The lowest control e f f i c i ency  i s  
f o r  lead emissions, which average 63 percent. *The  next  lowest removal 
e f f i c i ency ,  8 3  percent,  i s  for cadmium. 

There a r e ,  however, s i g n i f i c a n t  var ia t ions  among individual 
inc inera tors .  
t h a n  t o t a l  pa r t i cu la t e s .  For example, the ca lcu la ted  removal e f f ic iency  of 
nickel for  inc inera tor  MERL C ,  95 percent,  i s  higher t h a n  the 91 percent 
c a l c u l a t e d ' f o r  p a r t i c u l a t e s  a s  a whole. 
v a r i a b i l i t y  within individual t r ace  element ca.tegories. The removal 
e f f ic iency  of both cadmium and chromium'ranges from about 55  percent t o  
a b o u t  90 percent. 
reduction i n  lead emissions t h a t  can be achieved by typical control devices.  
There i s  no apparent cor re la t ion  between scrubber pressure d r o p  and e i t h e r  
control of t r ace  elements or control g f  t g t a l  pa r t i cu la t e s .  

. 

In some cases ,  t r a c e  elements a r e  cont ro l led  more e f f i c i e n t l y  

There i s  a l s o  s i g n i f i c a n t  

. ,  . .  

An even g rea t e r  v a r i a b i l i t y  i s  seen i n  the percent 

3.6 NATIONAL EMiSSIONS FROM SEWAGE SLUDGE INCINERATORS 
Estimates from the  NEEDS Survey discussed in  Chapter 2 i nd ica t e  t h a t  a r  

increase o f  3,713 mil l ion ?a l lons  per i a y  o f  wastewater will  flow ' n t o  ieiw 
treatment p lan ts  equipped w i t h  inc inera tors  5et;veen 15182 and the  year 2000. 
Assuming a l i n e a r  increase,  a 1,031 mil l ion gal lons per day increase i s  
estimated t o  occur f o r  18 new incinerat ion f a c i l i t i e s  between 1984 and 1989. 
For an average sludge production of 0.65 dry tons  per m i l l i o n  gal lons of 
wastewater (see Section 2 . 2 . 2 ) ,  the flow of sludge in to  new inc inera t ion  
f a c i l i t i e s  i s  estimated t o  be 245,000 dry tons i n  the  year 1989. 
a l l  new inc inera tors  produce pa r t i cu la t e  emissions a t  a r a t e  equal t o  the  

Assuming 
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current standard (1.3 lb/dry ton sludge), national particulate emissions 
from all new incinerators are estimated to be 160 tons in 1990. Based on a 
weighted average uncontrolled particulate emission rate for all incinerators 
of 52 lbldry ton sludge, national emissions from new sludge incinerators I 

would be approximately 6,400 tons if the NSPS were not in place. 
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. .  . 

. 4.0 CONTROL COSTS 

. .  
4.1 INTRODUCTION AND SUMMARY 

4.1.1 I n t r o d u c t i o n  

This  chap te r  p resents  t h e  cos ts  o f  c o n t r o l l i n g  p a r t i c u l a t e  emissions 

Sec t ion  4.2 p resen ts  t h e  d e t a i l s  o f  t h e  f rom sewage sludge i n c i n e r a t o r s .  
c o s t  components. 

m u l t i p l e - h e a r t h  and f l u i d i z e d - b e d  sewage s ludge i n c i n e r a t o r  s i z e s  a re  

,presented i n  Sec t i on  4.3. 

emissions from these i n c i n e r a t o r s  i s  p resented  and discussed i n  Sec t i on  4.4. 

4.1.2 Sumary  o f  F ind ings  

The c o s t  e f f e c t i v n e s s  o f  c o n t r o l l i n g  p a r t i c u l a t e  emissions from sewage 

sludge i n c i n e r a t o r s  i s  es t ima ted  t o  r,ange from $191 t o  81743 p e r  t o n  
removed. These cos ts  a r e  based on c o n s e r v a t i v e  c a p i t a l  c o s t  es t ima tes  f o r  

ventur i / impingement- t ray scrubbers o p e r a t i n g  a t  p ressure  drops o f  .from 
20 i n .  W.G. t o  40 i n .  W.G. Cost e f f q c t i v e n e s s  i s  most s e n s i t i v e  t o  

i n c i n e r a t o r  s i z e .  The highest. c o s t  e f f e c t i v e n e s s  was c a l c u l a t e d  f o r  a 
500 d r y  l b / h r  f l u i d i z e d - b e d  i n c i n e r a t o r  equipped w i t h  a ven tur i / imp ingement -  

t r a y  scrubber o p e r a t i n g  a t  a p ressure  arop o f  40 i n .  W.G. 

jmpact of  o p e r a t i n g  a t  lower  p ressure  drops i s  ve ry  s m a l l ,  on t h e  o r d e r  o f  

$10 per  t o n  o f  p a r t i c u l a t e  removed f o r  2ach 10 i n .  change i n  p ressure  drop. 
For e q u i v a l e n t  s i z e  i n c i n e r a t o r s ,  t he  c o s t  e f f e c t i v e n e s s  o f  reduc ing  

p a r t i c u l a t e  emissions f r o m  f l u i d i z e d - b e d  i n c i n e r a t o r s  i s  l e s s  than t h a t  f rom 
m u l t i p l e - h e a r t h  i n c i n e r a t o r s .  

The c a p i t a l  and annua l i zed  cos ts  f o r  a range o f  

Cost e f f e c t i v e n e s s  o f  c o n t r o l l i n g  p a r t i c u l a t e  

. 

The t o t a l  c o s t  

4.2 COST COMPONENTS 
The es t ima ted  c o n t r o l  c o s t s  f o r  sewage sludge i n c i n e r a t o r s  a re  based on 

t h e  most p r e v a l e n t  c o n t r o l  system a p p l i e d  t o  i n c i n e r a t o r s  b u i l t  s i n c e  1978; 
t h e  ventur i l imp ingement - t ray  scrubber.  

f i r s t  ducted t o  a ' v a r i a b l e  t h r o a t  v e n t u r i  scrubber.  I n  t h e  v e n t u r i  t h e  d u s t  

p a r t i c l e s  agglomerate w i t h  t h e  scrubb ing  l i q u i d .  The gas stream then  passes 

F l u e  gas  f rom the  i n c i n e r a t o r  i s  
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~_____ . .  
, , .  . .  

through a flooded elbow which agglomerates the larger, heavy droplets. 
impingement scrubber cools the gas, further reduces particulates, and 
eliminates mist with . .  a mist eliminator. 
A more detailed description of a typical venturi/impingement scrubber 
system was presented in Chapter 3. 

Chapter are shown in Table 4-1. Equipment and materials specifications were 
based on information supplied by vendors of these control devices, and on 
specifications for actual plants. For the range of pressure drops assumed 
for the variable throat venturi (12 to 22 in. W.G.) ,  3/16 inch type 316 
stainless steel was recommended.' Data supplied by another vendor of these 
systems confirmed that 3/16 inch type 316 stainless steel would be used for 
both the venturi and impingement-tray scrubbers.' Material specifications ' 

for circulation tanks, piping, fans, pumps, and .ducting are consistent with 

An 

The gas then passes onto the stack. 

. .  , 

The equipment specifications for the control system costed in this 

design data for actual plants using similar control systems. 3,4,5 

The individual capital. cost components and the general methodology used 
for calculating total capital costs are presented in.Table 4-2. Direct 

to the labor and material required to install the equipment. Indirect costs 
are those costs that are not attributable to specific equipment items. 
Contingencies are also included i n  total capital c o s t s  to compensate for 
anpredicted construction costs and other unforeseen expenses. 

Equipment costs for the venturi scrubber, flooded elbow and the fan 
were calculated using cost equatjons from "Capital and Operating Costs of 
Selected Air Pollution Control Systems" The equipment costs for 
the impinaement scrubber ~ scrubher water circulation tanks. ductin:, ?inin?, 
and pumps were calculated using information contained in the EPA report 
"Costs of Uncontrolled Non Fossil Fuel-Fired Boilers and PM Controls Applied 
to these Boilers".' The installation factors for all equipment were also 
based on this report, and are presented in Table 4-3. These factors are 
multiplied by the equipment cost to yield the installation cost for each 
incinerator. 

capital costs con,sist of the basic and auxi1iary.equipment costs in addition., '_ . .  

4-2 



TABLE 4-1. EQUIPMENT SPECIFICATIONS FOR VENTURJ/IMPI'NGEMENT-TRAY 
SCRUBBER CONTROL SYSTEM 

€QUI PMENT SPECIFICATIONS 

Ventur i  Scrubber 

Impingement Scrubber 

Ven tu r i  Scrubber 
C i r c u l a t i o n  Tank 

Fan 8 A u x i l i a r i e s  
.I 

Externa l  Scrubber 
Water Pipin! . 

Impingement Scrubber 
!.later Pump 

Duct ina 

3/16" i n c h  t h i c k  316 s t a i n l e s s  s t e e l ,  au tomat i c  
v a r i a b l e  t h r o a t  v e n t u r i  
Inc ludes :  V e n t u r i ,  elbow, pumps, c o n t r o l s ,  
quencher 

3/16'' i n c h  t h i c k  316 s ta . in less  s t e e l  
Inc ludes :  Impingement scrubber, m i s t  e l i m i n a t o r  

5 minute  l i q u i d  ho ldup t ime,  304 s t a i n l e s s  . ' 

s t e e l  s to rage  tanks 
Inc ludes :  S torage tanks 

Rad ia l  t i p  c e n t r i f u g a l  f a n  (60 hp ) ,  carbon s t e e l  
Inc ludes :  Fan motor ,  and s t a r t e r ,  d m p e r s ,  
V-be l t  d r i v e  

100 f t  l e n g t h  o f  p ipe ,  304 s t a i n l e s s  s t e e l ,  
Schedule 40 

20 f t  p i p i n g  h e i g h t ;  C e n t r i f u g a l ,  open, d r i p  
p r o o f ,  S t a i n l e s s  s t e e l .  
I nc ludes :  Pump, motor ,  and s t a r t e r  
(and a spare)  

30-40 ft o f  s t r i i g h t  ductin!; 10 gauge s t a i n l e s s  
s t e e l .  
Inc ludes :  h c t i n g  
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TABLE 4-2. CAPITAL COST COMPONENTS 

( 3 )  

( 4 )  

D i r e c t  Costs 

Equi  pmen t 
+ I n s t a l l a t i o n  

T o t a l  D i r e c t  Costs 

I n d i r e c t  Costs 

Eng ineer ing  - 10% o f  d i r e c t  c o s t s  
C o n s t r u c t i o n  and F i e l d  Expense - 10% o f  d i r e c t  cos ts  
C o n s t r u c t i o n  Fees - 10% o f  d i r e c t  c o s t s  
S t a r t  Up Costs - 2% o f  d i r e c t  c o s t s  

* Performance Costs - i% o f  d i r e c t  c o s t s  
T o t a l  I n d i r e c t  Cosrs - 33% o f  d i r e c t  cos ts  

Cont ingenc ies  - 20% o f  ( T o t a l   indirect^ Costs f T o t a l  D i r e c t  Costs) 

. T o t a l  C a p i t a l  Cost = To ta l  I n d i r e c t  Costs f T o t a l  D i r e c t  Casts E 
Cont ingenc ies  

. .  . .  
i. . .  



TABLE 4-3. EQUIPMENT INSTALLATION FACTORS~ 

Equipment I tem 

Wet Scrubber 0.68 

Installation Cost Factor 

Circulation Pump 1.49 

Circulation Tank 0.93 

Fan 1.18 

Ducting 1.6 
b External Piping 0.1 

Itei a 

. .  

, included in installation cost are the following: 
1) freight and taxes. 
2 )  foundations and supports 
3)  erection and handling 
4)  electrical 
5 )  internal piping 
6) insulation 
7 )  painting _ .  

bEs'tirnated from Guthrie, "Process Plant Estimating, Evaluation and Control", 
p. 462. 
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The operating and maintenance (O&M) cost .components are listed in 
Table 4-4. Direct O&M costs include operating and maintenance labor, 
supervision, spare parts, and electricity used for pumps, fans, and 
controls. Indirect operating costs include payroll and plant overhead which 
are based on some key O&M cost components (direct labor, supervisory .labor, 
maintenance labor, and spare parts). 

installed since 1978 indicated that capacity utilization ranges from about 
60 to 120 percent. 
assumed to calculate annual operating costs. 
2 man-hours/shift and maintenance labor 1 man-hour/shift.8 Supervisory 
labor was estimated to be 15 percent of the direct labor costs. 
costs used for O&M cost calculations are shown in Table 4-5. 

Telephone contacts with each of the 23 incineration facilities 

A mid-point value of 80 percent (7008 hourslyear) was 
Direct labor was assumed to be 

The unit 

Total annualized costs are the sum of the annual O&P costs and the 
The annualized capital charges include the annualized capital charges. 

p.ayoff of the capital investment (capital recovery), aeneral and 
administrative costs, taxes, and insurance. 

annualized capital charges. The capital recovery cost i s  determined by 
multiplying the capital recovery factor. which is based-on the r e a l  before 
tax inrerest rate and the equipment life, by the total capital cost. For . 

this anal:/sis a 10 percent, 1-ea1 interest rate and a 15 year equipment life 
are assumed. This translates i n t a  a capital recovery factor of i 3 . 1 5  
percent. 
constant dollar rate of return on investment to provide a basis for 
calculation of capital recovery charges. Table 4-6 also presents the 
methods used to calculate the other annualized capital charges. 

. ,  
. 

Table 4-6 presents the methods used to calculate the individu’al 

The rea; interest raze o f  10 percent was selected as a typical 

4 . 3  CAPITAL AND ANNUALIZED COSTS 

system discussed in Section 8.2. 

emissions from mu1 tiple-hearth incinerators of various. sizes are discussed 
in Section 4 . 3 . 1 .  
incinerators of various sizes are presented. 

This section presents the capital and annualized costs for the control 
The costs for controlling particulate 

In Section 4.3.2 the control costs for fluidized-bed 
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. .  TABLE 4-4. OPERATING AND MAINTENANCE COST COMPONENTS 

, 
(1) Direct Operating Costs 

Direct Labor 
Supervision 
Maintenance Labor 
b a r e  Parts 

+ E l e c t r i c i t y  
Total Direct Operating Costs 

( 3 )  

Ind i r ec t  Opera t ing  Costs 

Payroli - 30% o f  (Direct  Labor + Supervision Labor + 

P l a n t  - 26% o f  (Direct  Labor + Supervision + Maintenance 
Maintenance Labor) 

+ 
Labor + Spare Pa r t s )  

Total Ind i rec t  Operating Costs 

Total, Annual Operatina and  Maintenance Costs 
= Total D i rec t .+  Total Ind i rec t  Operating Cos,ts 

. .  .. 
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TABLE 4-5. UNIT COSTS USED IN O&M COST CALCULATIONS 

b Labor 
Direct. Labor 

January 1983 $ 

$0.0503/kwh 

Supervision Labor' $15.28/man-hr 
$14.34/man-hr Maintenance Labor 

-a 

bAverage o f  Chemical & Allied Products and Petroleum d i r e c t  labor wages 

'Estimated a t  30 percent over d i r e c t  labor  r a t e .  

dEstimated a t  2 2  percent over d i r ec t  labor  r a t e .  

d 

Monthly Energy Review, April 1983. 

Monthly Labor Review, April 1983. 



. .  

TABLE 4-6. ANNUALIZED COST COMPONENTS 

( 1 )  

( 2 )  ' C a p i t a l  Char es C a p i t a l  recove ry  + misce l laneous (G&A,  taxes  and 

( 3 )  

T o t a l  Annual ized Cost = Annual Opera t i ng  Costs + C a p i t a l  Charges 

insurance 3 =  
C a l c u l a t i o n  of  C a p i t a l  Charges Components 

A. C a p i t a l  Recovery = C a p i t a l  Recovery Fac tor  (CRF) x T o t a l  C a p i t a l  

n c o s t  

i (1 + i) 

(1 i)"-l 

CRF = 

i = i n t e r e s t  r a t e  

n = number o f  years  o f  u s e f u l  l i f e  o f  c o n t r o l  system 

I tern 
C o n t r o l y s t e m  

n 
15 

i CRF 
lb 0 .m5 

B. G&A, taxes and insurance = 4% o f  t o t a l  c a p i t a l  c o s t  
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' '4 .3 .1  Multiple-Hearth h c i n e r a t o r  Control Systems 
Table 4-7 shows the operat ing parameters f o r  t he  model mu1 t ip le -hear th  

inc ine ra to r s ,  and assoc ia ted  control  systems. Capital  and annualized cos t s  
Were ca lcu la ted  f o r  model multiple-hearth inc inera tors  of s i zes  ranging from 
0.5 dry ton s1udge)hour t o  4.0 dry ton sludge/hour. 
represents  the majority of multiple-hearth inc ine ra to r  s i z e s .  
parameters f o r  the model control  systems for  multiple-hearth inc inera tors  
were developed from design data for  actual  p l an t s ,  from contacts  w i t h  
equipment vendors, and  from theore t ica l  ca lcu la t ions .  The moisture content 
and v o l a t i l e  so l id s  content of the sludge represent  typical  values fo r  
currently operating inci,nerators (see Chapter 3 ) .  
gas flow r a t e s ,  and l i qu id  flow r a t e s  a r e  based on desig; data f o r  two 
recent ly  i n s t a l l e d  inc inera tors  a s  well on information provided by 
vendors. 9310311'12 ' Operating parameters were i n i t i a l l y  developed f o r  the  
1.0 dry t o n / h r  model p l an t ,  and scaled l i n e a r l y  u p  o r  down., 

As discussed i n  Chapter 3 ,  scrubber pressure d rops  fo r  the  sewage 
sludge inc inera tors  b u i l t  s ince  1978 range from 10 t o  45 inch W.G. Costs 

40 inches W.G. However, s ince a v a r i a b l e  t h roa t  venturi  i s  assumed here ,  
cap i t a l  cos ts  were estimated f o r  a fan cauable o f  operatjnq a t  the nighest  
pressure d r o p  f o r  any given inc inera tor  s ize .  Although the capi ta l  cos ts  
fo r  a fan w i t h  a maximum operatinq capab i l i t y  corresponding to  a pressilre 
drop o f  2C i n .  W.G. would cos t  abour 3C percent. i ess  than a fan designed fnr  
a 40 i n .  pressure drop, t h i s  cos t  difference would have a negl ig ib le  impact 
on t o t a l  annualized cos ts .  The fan power requirements do vary according t o  
pressure drop, however. 

were made to  ver i fy  the  cap i t a l  cos t  es t imates  w i t h  vendor quotes and cos ts  
f o r  actual  systems. 
about 860,000.13 However, some of the  equipment components i'ncluded i n  the 
est imates  (instrumentation and control systems, ducting, piping, e t c . )  were 

model plant  was 8125,000 ( a l so  exclusive of instrumentation and c o n t r o l ) .  14 

The cap i t a l  cos t  of a s imi la r  control system i n s t a l l e d  a t  an actual  p lan t  

T h i s  s i z e  range 
Operating 

Excess a i r  r a t e s ,  f lue 

' '  

. were ca lcu la ted  f o r ' t h r e e  cases o f  scrubber pressure drop:' 20,  i o ,  and 

Table 4-8 shows the  d e t a i l s  of the cap i t a l  cos t  es t imates .  Attempts 

For the 1.0 ton/hr model p l a n t ,  one vendor quote was 

, ' not included i n  the  vendor quote. Another vendor quote f o r  the 1.0 t o n / h o u r  
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TABLE 4-7. OPERATING PARAMETERS FOR MODEL MULTIPLE-HEARTH SEWAGE 
SLUDGE INCINERATDRS AND CONTROL SYSTEEIS 

I n c i n e r a t o r  Capac i ty  
( d r y  t o n  s ludge /h r )  0.5 1 .o 2.0 4.0 

Excess A i r  ( % )  

Sludge Mo is tu re  
Content ( % \  

% V o l a t i l e s  
i n  Sludge S o l i d s  

Gas'Flow t o  

Gas Flow o u t  o f  

Ven tu r i  (acfm) 

Impingement (acfm) 

Temperature i n t o  
Ventur i  (OF) 

Temperature o u t  of 
Impingement (OF) 

75 75 75 75 

70 70 70 70 

70 70 70 70 

6,000 12,000 24,000 4 , 0 0 0  

2,250 4,500 9,000 18,000 

.. 
ROO 800 aoo 800 

120 120 120 120 

L i q u i d  Flow 
.r i n t o  Precooier(gpm) 20 40 80 L 00 

. L i q u i d  Flow i n t o  
Ventur i  (gpm! 25 50 100 200 

L i q u i d  Flow i n t o  
impingement (gpm) 8F 175 35(! i o 0  
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TABLE 4-8. CAPITAL COSTS FOR MODEL MULTIPLE-HEARTH INCINERATOR 
CONTROL SYSTEMS (JANUARY 1983 8 )  

I n c i n e r a t o r  Capac i ty  
(Dry Tons Sludge/Hr) 0.5 1.0 2.0 . 4.0 , 

V e n t u r i  Scrubber 

Impingement Scrubber 

V e n t u r i  C i r c u l a t i o n  Tank 

Fan & A u x i l i a r i e s  

D u c t i n g  

P i  p i n g  

Pump 

T o t a l  

T o t a l  D i r e c t  C o s t  
(Equipment + I n s t a l l a t i o n )  

75,900 83,800 97,800 113,900 

15,500 26,000 43,800 73,700 

4,000 5,900 8,600 12,600 

17,000 17,500 18,500 30,900 

5,500 7,300 10,000 13,800. 

2,200 3,100 5,300 7,900 

3,800 4,100 4,900 7,800 

.. 123,900 ,147,700 188,900 250,600 

. 224,500 266,500 339,000 470,900 

I n d i r e c t  Cost 74,100 87,900 111,900 155,400 

Cont inqenc i  es u , g o o  53,300 67,800 ?4,200 

T o t a l  i ns ta4  i e d  C a p i t a i  Cost 343 .SO0 407,700 5i8,ir)O S?C,Si iO 
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was $128,000.15 Thus, the cost estimates presented in Table 4-8 are 
considered to be reasonable, but somewhat conservative. 

operating, and annualized costs for all incinerator sizes are summarized in' 
Table 4-10. 

incinerator size increases. However, for a given incinerator size, 
annualized costs change very little as the scrubber pressure drop increases. 
The small increase in annualized costs is due to the increased fan energy 
and pumping requirements associated with increasing pressure drop. 

Table 4-9 presents the details of the annualized costs. The capital, 

As seen from the table, the annualized cost increases as the' 

a 4.3.2 Fluidized-Bed Incinerator Control Systems 
Cost analysis was performed for five fluidized-bed incinerator sizes. 

The incinerator sizes range from 0.25' dry ton/hour to 4.0 dry ton/hour. 
model plant parameters for the fluidized-bed incinerators are shown in 
Table 4-11. 
.of 1500°F was.assumed for the model .fluidized-bed incinerator. The flue gas 
flow rates are the same as those developed for the multiple-hearth furnaces, 
but have been adjusted to reflect the lower excess air rates, and higher 
furnace exhaust temperatures, typical of flutdized-bed sludge incinerators. 

drops of 20, 30, and 40 inches. The details of the capital costs arc? 
prqsented in Ta'ble 4-12. 
cipital, operating, and annualized costs for all fluidized-bed incinerztor 
sizes are presented in Table 4-14. 

increase with incinerator size, but remain relativeTy constant for a given 
incinerator size as the pressure drop changes. 

The 

An excess air rate of 35 percent, and an exit gas temperature 

Capital and annualized costs were calculated for scrubber pressure 

The annualized costs are shown in Table 4-13. The 

Once again, the annuaiized costs 

.. 

4.4 COST EFFECTIVENESS OF CONTROLS 
Cost effectiveness o f  the contra1 system was calculated for 

multiple-hearth and fluidized-bed incinerators at 20, 30 and 40 inches of 
pressure drop. 
the NSPS limit (1.3 lbldry ton sludge). The uncontrolled particula.te 
emission rate ( 5 1  lbldry ton) for multiple-hearth incinerators is the 
average of 19 incinerators (see Table 3-3). 

The controlled particulate emission rate was assumed to be 

The uncontrolled emission rate 

, 
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TABLE 4-9. ANNUALIZED COSTS FOR MODEL MULTIPLE-HEARTH INCINERATOR 
CONTROL SYSTEMS (JANUARY 1983 $ )  

E l e c t r i c i t y  

Fan: 

AP = 20" 
AP = 30" 
AP 40" 

Pumps : 

T o t a l  Labor Cost 

T o t a l  D i r e c t  Opera t i ng  Cost 
( i n c l u d i n g  s'pare p a r t s )  

A P  = 20" 

AP = .40" 
AP. = 30" 

I n d i r e c t  Opera t ing  Costs 

T o t a l  Annual Opera t ing  Costs 

AP = 20" 
AP, = 30" 
AP = 40" 

C a p i t a l  Recovery 

G&A, Taxes and Insurance 

T o t a l  C a p i t a l  Charges 

T o t a l  Annual ized Costs 

AP = 20" 
AP = 30" 
AP = 40" 

I n c i n e r a t o r  Capac i ty  ( d r y  t o n s / h r )  
0.5 1.0 2.0 4.0 

2,800 5,600 11,300 22,600 
4,200 8,500 16,900 33,900 
5,600 11,300 22,600 45,200 

700 1,100 1,800 3,200 

41,200 41,200 41,200 41,200 

57.100 60.400 66.800 79.500 ~ . ~ .  I~ , ~~ I~~~ 

58,600 63,300 72,400 $6,800 
.66,100 66,100 78,100 102,lGO 

26,300 26,300 26,300 26,300. 
. .  . 

83,500 86,700 

86,300 92,400 

45,200 53,500 

13,700 - 16,300 

58,900 69,900 

a4, goo 89,600 
93,100 105,aoo 
98,700 !17,!00 

104,400 ii61400 

68,200 94,7120 

20 , i o 0  23,300 

88,900 123,500 

142,400 156,600 182,000 229,300 
143,800 159,500 187,600 240,650 
145,200 162,300 193,300 251,900 
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TABLE 4-11. OPERATING PARAMETERS FOR MODEL FLUIDIZED-BE0 SEWAGE 
SLUDGE INCINERATORS AND CONTROL SYSTEMS 

I n c i n e r a t o r  Capac i t y  
(Dry Ton Sludge/Hr)  0.25 .0 .5  1.0 ' 2.0 .4.0 

Excess A i r  ( X )  35 35 35 35 35 

Sludge M o i s t u r e  
Content  ( % )  

Sludge V o l a t i l e s  
Content  ( % . S o l i d s )  

70 70 70 70 70 

70 70  70 70 70 

Gas Flow t o  V e n t u r i  (acfm) 3,375 6,750 13,500 27,000 54,000 

Gas Flow o u t  o f  Impingement 875 1,750 3,500 7,000 14,000 
(acfm) 

Temperature i n t o  V e n t u r i  1,500 1,500 1,500 1,500 1,500 
( O F )  

Temperature o u t  o f  
Impingement ( O F )  

120 120 120 120 120 

.. 
L i q u i d  Flow 10 20 . 40 80 160 
i n t o  p r e c o o l e r  (gpm) 

Liquid f l o w  i n t o  v e n t u r i  13 25 50 100 200 
(iipm) 

L i q u i d  f l o w  i n t o  imp inger  (gpm) 44 88 175 350 i o 0  

. .  
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TABLE 4-12. CAPITAL COSTS FOR MODEL FLUIDIZED-BED INCINERATOR 
CONTROL SYSTEMS (JANUARY 1983 $ )  

I n c i n e r a t o r  Capac i t y  
(D ry ,  Tons 51 udge/Hr) 0.25 0.5 1.0 2.0 4.0, 

Ven tu r i  Scrubber 66,400 87,900 90,000 105,000 136,000 

Impingement Scrubber 8,600 14,400 24,300 40,900 68,700 

Ven tu r i  C i r c u l a t i o n  Tank 2,600 4,000 5,900 8,600 12,600 

Fan & A u x i l i a r i e s  17,000 17,100 17,500 18,500 30,900 

Duc t ing  4,800 5,500 7,300 10,000 13,800 

P i  p i n g  1,700 2,200 3,100 . 5,300 7,900 

Pump 3,000 3,400 4,100 5,000 7,800 

T o t a l  104,100 134,500 152,200 ~ 193,300 277,700 

T o t a l  D i r e c t  Cost 190',000 .242,100 274,200 346,300 449,500 
(Equipment + I n s t a l l a t i o n )  

I n d i r e c t  Cost. . .62 ;7OO 79,900 90,50.0 . 1.14;300 164,000 

Cont inqencies 38,000 48,400 54 $800 69,300 30,COO 

; o r a l  i n s t a l l e d  Cap i ta l .  

.. 

i. _ .  

- 
Cost 290,700 370,400 4:9,500 52?,?0C 765.400 

4-17 



. .  

TABLE 4-13. ANNUALIZED COSTS FOR MOOEL FLUIDIZED-BE0 INCINERATOR 
CONTROL SYSTEMS -(JANUARY 1983 8 )  

. ,  
Fan: 

P = 20" 
P = 30" 
P = 40" 

1,100 2,200 4,400 8,800 17,600 
1,600 3,300 6,600 13,200 26,400 
2,200 4,400 8,800 17,600 35,100 

Pumps : 500 700 1,100 1,800 3,200 

T o t a l  Labor  Cost 41,200 41,200 41,200 41 ,200 41,200 

T o t a l  D i r e c t  Opera t i ng  Costs 
( i n c l u d i n g  spare p a r t s )  

P = 20" 
P = 30" 
P = 40" 

55,300 56,600 59,200 64,300 74,500 
55,800 57,700 61,400 68,700 83,200 
56,400 58,800 63,600 73,100 92,000 

.. 
I n d i r e c t  Opera t i ng  Costs '2'6,300 . . 26,300 26,300 26,300 26,300 

T o t a l  Annual O p e r a t i n g  Costs . .  . .  

81,600 82,900' 85,500 90,600 100,800 
82,100 84,000 87,700 95,000 iO9,600 
82,700 85,?00 89,900 99,400 i!S,300 

C a p i t a l  Recovery 38,200 48,700 55,200 69, i o 0  !00,500 

T o t a l  C a p i t a l  Charges 49,800 63,500 72,000 90,900 !?1,!00 

G&A, Insurance,  Taxes I! ,500 14,300 16,800 21,200 ;O ,600 

T o t a l  Annua l ized  C o s t  

P = 20" 
P = 30" 
P = 40" 

131,400 146,300 157,500 181,500 231,SOG 
i31,900 147,500 159,700 185,900 240,700 
132,500 !48,600 161,900 190,300 249,?00 
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f o r  f l u i d i z e d  bed i n c i n e r a t o r s  ( 8 8 ' l b l d r y  t o n )  i s  t h e  average of  11 emiss ion  

t e s t s  (see Tab le  3-3). 

( $ / y r )  by t h e  emiss ion  r e d u c t i o n  ach ieved ( t p y )  b y  t h e  c o n t r o l  system t o  

y i e ' l d  t h e  c o s t  t o  remove one t o n  o f  p a r t i c u l a t e s .  

i nc reased  s l i g h t l y  w i t h  i n c r e a s i n g  p ressu re  d rop  and decreased s i g n i f i c a n t l y  

w i t h  i n c r e a s i n g  i n c i n e r a t o r  c a p a c i t y  as shown i n  Table 4-15 f o r  

m u l t i p l e - h e a r t h  c o n t r o l  systems and Tab le  4-16 f o r  f l u i d i z e d - b e d  c o n t r o l  

systems. 

c o n t r o l  systems have lower  c o s t  e f fec t i veness .  M u l t i p l e - h e a r t h  c o s t  
e f fec t i veness  ranged from $329 t o  $1669 p e r  t o n  removed and f l u i d i z e d - b e d  

c o s t  e f f e c t i v e n e s s  ranged from $191 t o  $1743 pe r  t o n  removed. 
t o n / h r  f l u i d i z e d - b e d  c o n t r o l  system had t h e  h i g h e s t  c o s t  e f fec t i veness  s i n c e  

emiss ion  r e d u c t i o n  i s  s t r o n g l y  i n f l u e n c e d  by i n c i n e r a t o r  s i z e .  

The c o s t  e f f e c t i v e n e s s  was c a l c u l a t e d  b y  d i v i d i n g  t h e  annu l i zed  c o s t s  

. I  

T h e ' c o s t  e f f e c t i v e n e s s  

A t  e q u i v a l e n t  i n c i n e r a t o r  c a p a c i t i e s  and. p ressure  drops, f l u i d i z e d - b e d  

The 0.25 d r y  

.. 

. .  . .  
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5.0 COINCINERATION OF SEWAGE SLUDGE AND MUNICIPAL REFUSE 

5.1 INTRODUCTION AND SUMMARY OF FINDINGS 
5.1.1 Introduction. 

At the present time, an NSPS has not been developed specifically for 
incinerators that coincinerate sewage sludge and municipal refuse. A 
procedure has been developed by EPA for use in determining whether 
facilities coincinerating are subject to Subpart E (municipal incinerators) 
or Subpart 0 (Sewage sludge incinerators) of .the New Source Performance 
Standards. 1 1 .  

In this chapter the technologies avail'able for coincinerating sludge 
and solid wastes are described. Former, as well as current coincineration 
projects in the U.S. are reviewed. I n  addition, the technical, economic, 
and institutional factors most.likely to affect the growth of coincineration 
are overviewed. The effect that coincineration has on particulate emissions 
is also addressed. . .  
5.1.2 Summary of Findings 

No technology has ever been developed for the express purpose of 
combined incineration o f  sewage ,sludge and municipal refuse. Four different 
approaches t o  coincqneration can be distinguished: 1) combustion of 
dewatered sludge in a refuse incinerator; 2 )  combustion o f  pre-dried sl~dge 
in a refuse incinerator, and; use o f  prepared municipal refuse (refuse 
derived fuel); i n  either 3) a multiple-he6rth sludge incinerator or 4) a 
fluidized-bed sludge incinerator. 
incineration have been tried in the U.S. 

refuse and sewage sludge. 
regular commercial basis, 18 have been shut down, and the remaining 4 have 
reverted to single purpose incineration. 
facilities were being planned during the mid 1970 's .  
started up. 
facilities-have been dropped. 

All of the major techniques for combined 

Over the past 30 years, 23 facilities in the 1J.S. have coincinerated 
Only one facility is currently operating on a 

In addition, 6 coincineration 
Of these, only one has 

One is still being considered, but plans for the remaining four 
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A v a r i e t y  o f  o p e r a t i o n a l  and maintenance problems have p lagued 
v i r t u p l l y  eve ry  c o i n c i n e r a t i o n  f a c i l i t y  i n  t h e  U.S. 

t o  m a i n t a i n  combustion i n  r e f u s e  i n c i n e r a t o r s  when p a r t i a l l y  dewatered 

s ludge i s  added. 
combust ion- re la ted  problems, t h e  d r y e r s  themselves a r e  s u b j e c t  t o  p lugg ing ,  

co r ros ion ,  and odors, as w e l l  as f i r e  and exp los ion .  Techn ica l  obs tac les  t o  
b u r n i n g  re fuse -de r i ved  f u e l  i n  conven t iona l  m u l t i p l e - h e a r t h  o r  f l u i d i z e d - b e d  

sewage s ludge i n c i n e r a t o r s  i n c l u d e  .the r e l i a b i l i t y  o f  r e f u s e  p r e p a r a t i o n  
systems and c o n t r o l  o f  combustion. 

t h e  U.S. i s  o f t e n  hampered b y  o r g a n i z a t i o n a l  d i f f e r e n c e s  between those 

groups r e s p o n s i b l e  f o r  d i s p o s i n g  o f  s ludge and re fuse .  WhereaT sewage 
s ludge management a u t h o r i t y  i s  ves ted  i n  c e n t r a l i z e d ,  p u b l i c  bodies,  t h e  

c o l l e c t i o n ,  t r a n s p o r t ,  and d i sposa l  o f  m u n i c i p a l  r e f u s e  i s  u s u a l l y  managed 

b y  a combina t ion  o f  d e c e n t r a l i z e d  p u b l i c  and p r i v a t e  bodies.  

o r g a n i z a t i o n a l  d i ' f ferences d e t r a c t  f rom t h e  achievement of  t h e  l e v e l  o f  

i n t e g r a t i o n  i n  m u n i c i p a l  waste management programs necessary f o r  t h e  
imp lementa t ion  o f  c o i n c i m r a t i o n  f a c i l i t i e s .  Moreover, t h e  c r i t e r i a  . 

employed i n  s i t i n g  a s ludge t rea tment  and d i sposa l  p l a n t  a r e  e s s e n t i a l l y  
d i f f e r e n t  f rom those used i n  l o c a t i n g  a r e f u s e  i n c i n e r a t o r .  

i n c i n e r a t i o n  o f  sewage s ludge and mun ic ipa l  r e h e .  
t h a t  u n c o n t r o l l e d  emiss ions from re fuse  i n c i n e r a t o r s  ;nay i nc rzase  when 

s ludge i s  co inc ine ra ted .  

mode does n o t  appear t o  o f f e r  any s i g n i f i c a n t  r e d u c t i o n  o f  u n c o n t r o l l e d  
emiss ions when prepared m u n i c i o a l  r e f u s e  i s  i ised f a r  f u e l .  !% !s d o c b t f l l l  

t h a t  a l l  o f  t h e  v a r i o u s  approaches t o  c o i n c i n e r a t i o n  w i l l  have  s i m i i a r  
emiss ion  c h a r a c t e r i s t i c s ,  a l t hough  t h i s  i s  a t o p i c  dese rv ing  f u r t h e r  

i n v e s t i g a t i o n .  

Desp i te  t h e  genera l  l a c k  of  t e c h n i c a l  success w i t h  c o i n c i n e r a t i o n  

p r o j e c t s ,  t h e  c o s t s  of combined i n c i n e r a t i o n  of sewage s ludge and mun ic ipa l  
re fuse  a r e  s t i l l  a t t r a c t i v e  when compared t o  t h e  c o s t s  o f  bu rn ing  these 

wastes separa te l y .  

I t  has proved d i f f i c u l t  

A l though thermal  d r y i n g  o f  t h e  s ludge m i t i g a t e s  

The process o f  p l a n n i n g  and implement ing new c o i n c i n e r a t i o n  p r o j e c t s  i n  

. ,  

These 

Very l i t t l e  da ta  - a r e  a v a i l a b l e  on p a r t i c u l a t e  emissions f rom combinei  

Some ev idence i n d i c a t e s  

Opera t ing  a m u l t i p l e - h e a r t h  u n i t  i n  a p y r c l y s i s  

C o i n c i n e r a t i o n  i s  a l s o  a t t r a c t i v e  f rom t h e  s t a n d p o i n t  o f  
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. .  

energy conserva t ion .  
Yet u n t i l  t h e  va r ious  t e c h n i c a l  problems and u n c e r t a i n t i e s  a r e  overcome, 

l i t t l e  growth i n  t h e  use o f  c o i n c i n e r a t i o n  can be  expected ove r  t h e  n e x t  

f i v e  years.  

separate NSPS's f o r  mun ic ipa l  and s ludge i n c i n e r a t o r s  a r e  n o t  expressed i n  

t h e  same u n i t s ,  and t h e  convers ion  f rom a concen t ra t i on -  t o  a mass-based 

s tandard  i s  n o t  s t r a i g h t - f o r w a r d .  Second, i n  t h e  e x i s t i n g  p r o r a t i o n  
procedure, a d i s c o n t i n u i t y  e x i s t s  when an i n c i n e r a t o r  i s  b u r n i n g  equal 

amounts o f  s ludge and re fuse .  
where an i n c i n e r a t o r  i s  opera ted  i n  a p y r o l y s i s  mode. F i n a l l y ,  Subpart E ' 

i nc ludes  a minimum s i z e  cu t -o f f ,  w h i l e  Subpar t -  0. a p p l i e s ' t o  a l l  i n c i n e r a t o r  
s i zes .  

Thus, t h e  i n c e n t i v e s  t o  c o i n c i n e r a t e  a r e  s t i l l  c l e a r .  

. .  

A number o f  r e g u l a t o r y  i ssues  have been i d e n t i f i e d .  F i r s t ,  t h e  

Th i rd ,  n e i t h e r  s tandard  addresses t h e  case 

5.2 DESCRIPTION OF COINCINERATION TECHNOLOGIES 
Any i n c i n e r a t o r  t h a t  i s  capable o f  b u r n i n g  e i t h e r  sewage s ludge o r  : 

munic ipa l  r e f u s e  s e p a r a t e l y  c o u l d  f e a s i b l y  b u r n  b o t h  wastes s imu l taneous ly .  

No techno log ies  have been, 'or a r e  be ing,  developed s p e c i f i c a l l y  f o r  purposes 
o f  combined i n c i n e r a t i o n ,  however. Thus, c o i n c i n e r a t i o n  %ethnology can be 
c l a s s i f i e d ,  a t  t h e  most genera l  l e v e l ,  accord ing  t o  whether t h e  i n c i n e r a t o r  
was o r i g i n a l i y  designed f o r . b u r n i n g  r e f g s e  o r  sludge. 

success fu l  c o i n c i n e r a t i o n  sometimes r e q u i r e s  m o d i f i c a t i o n  o f  t h e  inc- inerat .cr  
::self; and/or a p re t rea tment  of the waste beyond t h a t  which would be  
r e q u i r e d  i f  t h e  waste were burned separa te l y .  
cons ide ra t i ons  a r e  taken i n t o  account, f o u r  d i s t i n c t  ca tegor ies  o f  

c o i n c i n e r a t i o n  technology erner9e. en a d d i t i o n a l  ! f i f t h !  c l a s s i f i c a t i o n  can 
be maie on the bas is  o f  'whether o r  n o t  t h e  i n c i n e r a t o r  i s  opera ted  i n  a 
p y r o l y s i s ,  o r  s t a r v e d - a i r  combustion mode. 
below. 
5.2.1.. I n c i n e r a t i o n  of Dewatered Sludge i n  a Convent ional  Refuse 

I n c i n e r a t o r  

On t h 2  a t h e r  hand, 

When these a d d i t i o n a l  

These ca tegor ies  a r e  d iscussed 

The o l d e s t ,  s imp les t ,  and most d i r e c t  method o f  a c h i e v i n g  combined 

i n c i n e r a t i o n  i s . t o  bu rn  p a r t i a l l y  dewatered s ludge ( i .e.,  70 t o  80 percent  

5- 3 



moisture content)  i n  a conventional municipal refuse incinerator .  
Figure 5-1 depicts  a typical  mass-burning refuse inc inera tor .  

can b e  fu r the r  subdivided on t he  basis o f  the type feeding mechanism 
employed. 
spraying i t  i n to  the  combustion chamber or by dumping i t  o n t o  the gra te .  
Al te rna t ive ly ,  the sludge can be mixed with the refuse pr ior  t o  entering the 
inc inera tor .  

This approach 

The sludge can be fed separately i n t o  the  furnace by either ' 

Although t h i s  approach  has  the advantage o f  s impl i c i ty ,  i t  has not 
proved t o  be very successful.  
technique r e l a t e s  t o  carnbustion. Conventional inc inera tors  usually provide 
in su f f i c i en t  residence time fo r  the s ludge t o  b u r n  completely. 
too  l i t t l e  heat i s  generated from the burning refuse t o  evaporate the 
moisture and combust the sludge. These problems are compounded b.y 

d i f f i c u l t i e s  in d i s t r ibu t ing  the sludge evenly w i t h i n  the  furnace. 
most p a r t ,  t h i s  approach has proved unsuccessful b o t h  i n  t h i s  country and  in 
Europe, although two f u t u r e  projects  in the U..S. a re  expected to .use  i t .  
5 . 2 . 2 .  Coincineration of Pre-dried Sludge in  a Conventional Refuse 

The major problem encountered with t h i s  

'In addi t ion ,  

For the  

Inc iner i tor '  . "  

As a means t o  overcome the problems associated with burning sludge 
d i r e c t l y  i n  a refuse incinerator ,  a number of f a c i l i t i e s  hake in s t a l l ed  
systems t o  dry the siudge t o  l e s s  t h a n  20 percent inoisture content before i t  
enters  the furnace. A wide var ie ty  of d i f f e ren t  drying sjstems have 5een 
employed. 
dryers ,  f lash evaporaters,  spray dryers,  and  mult i -effect  evaporators nave 
a l l . b e e n  u t i l i z e d  i n  the  p a s t .  
refuse at il r a t i o  of approximately 10 par t s  refuse t o  each o a r t  sliidae a n d  
fed in to  the incinerator .  

Pre-drying mit igates  the 

ilue-gas heatea d i r e c t  contact dr:!er.s, steam heat?$ ':!):a'?:: 

The dr ied sludge i s  then mixed with t h e  

This method has been r e l a t ive ly  successful. 
combustion problems associated .. with the use of only p a r t i a l l y  dewatered 
sludges. Also, separation of the drying process from the combustion process 
s impl i f ies  furnace operations.  
e n t i r e l y  devoid o f  problems. 
rapid. corrosion in the dryers.  

* 

Nonetheless, t h i s  technique has not been 
A major d i f f i c u l t y  has been the prevention of 

Clogging and general handling problems have 

5-4 
_ -  



Lo 
c 

o r -  
c 

0 
c -  

5- 5 

a 

. . . . . .  
h m m 0 - W  

ccc 

c 
L 
a m 
I 
ul 
ul 
m x 
m 
'c 
0 

2 
a m 
c 
LL 



a l so  been encountered wi th ' t he  dr ied sludge. 
(pa r t i cu la r ly  d i r e c t  contact dryers)  have been another obstacle .  Flash 
evaporators are una t t rac t ive  because of the po ten t i a l  f o r  explosions t o  
occur. Nonetheless, the majority of the f a c i l i t i e s  current ly  coincinerat ing 
i n  Europe, as  well as the only comnercially ope ra t ing  p l a n t  in the U.S., can 
be c l a s s i f i e d  within t h i s  category. 
5 . 2 . 3 .  Combustion of Refuse in a Multiple-hearth Sludge Incinerator  

f o s s i l  f u e l s  f o r  burning s ludge  in a multiple-hearth furnace (MHF). 

Preparation of the  raw refuse e n t a i l s  the mechanical separation of 
non-combustibles and  subsequent shredding of the remaining organic portion 
i n t c  uniform pa ' r t ic le  s i zes .  
can be fu r the r  t rea ted  chemically t o  produce a f i n e  powder or pressed in to  
br ique t tes  o r . p e l l e t s .  
together i n to  the t o p  of the inc inera tor ,  o r  fed separately i n t o  one o f  the 
lower hearths. .' 

not been fu'lly demonstrated i n  the U.S. 
demonstration f a c i l i t y  in Cont ra  Costa Coun ty ,  Cal i fornia .  Based on l imited 
operating d a t a ,  the major  prjblem w i t h  t h i s  design i s  control l ing the r a t e  
of combustion i n  the inc inera tor .  
intense heat re lease from *,he RDF can lead t o  ; t ruc tura l  f a i l u r e s  in the 
rabble shaf t  cast ings.  
associated rith co-burning RDF, a grea te r  voiume o f  cooling a i r  i s  required. 
A t  higher than 'design a i r  flow r a t e s ,  the  movement of the sludge a n d  refuse 
t h r o u g h  the hearths could be imoeded. %sides i n s t a l l a t i o n  of .j!? ?f the 
f a c i l i t i e s  required t o  produce the  RDF, subscantial  modifications t o  the 
inc inera tor  i t s e l f  are necessary in order t o  coincinerate .  

reduction i n  fuel cos ts  f o r  sludge inc inera t ion .  Fuel cos ts  represent the 
l a rges t  share of the t o t a l  annualized cos ts  of  operating MHF inc inera tors .  
5.2.4. Combustion of RDF in a Fluidized-Bed Sludge Incinerator .  ' 

This approach i s  analogous t o  t h a t  described above, except t h a t  
coincineration would take place in a f luidized-bed sewage sludge inc inera tor  

Odors given off by the dryers 

I n  t h i s  arrangement, prepared municipal refuse i s  used in place of  

The refuse derived fuel (RDF) thus obtained 

The RDF i s  then e i t h e r  mixed with the sludge a n d  fed 

Al.though a t  l e a s t  three un i t s  of t h i s  ty.pe operate in Europe, i t  has 
Some t e s t i n g  has 'been done a t  a 

Localized overheating causeo by periodic 

i o  compensate f o r  the hioher heat re iease ; .at? 

The major benefi t  associated with t h i s  type of system would be the 
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. (FBF). The RDF can e i t h e r  be i n t r o d u c e d  i n t o  t h e  fu rnace as d r y  p e l l e t s ,  

f l u f f ,  o r  powder, o r  a l t e r n a t i v e l y  t h e  r e f u s e  can be pulped i n t o  a s l u r r y  

hav ing  a 40 t o  45 pe rcen t  m o i s t u r e  c o n t e n t  and sprayed   into t h e  fu rnace  

a long  w i t h  t h e  s ludge.  

i n  t h e  U.S.  

Compared t o  c o i n c i n e r a t i o n  i n  a m u l t i p l e - h e a r t h  i n c i n e r a t o r ,  use of  a 

FBF o f f e r s  a number o f  advantages. Foremost i s  t h a t  combustion i s  more 
e a s i l y  c o n t r o l l e d  i n  a f l u id -bed ,  and fu rnace  o p e r a t i o n  i s  l e s s  vu lne rab le  

t o  changes i n  t h e  s ludge feed r a t e  o r  m o i s t u r e  conten t ,  due t o  b o t h  t h e  

e x c e l l e n t  m i x i n g  c h a r a c t e r i s t i c s  and l o n g e r  res idence t i m e  t y p i c a l  o f  these 

i n c i n e r a t o r s .  

As i n  t h e  case o f  MHF's, however, s i g n i f i c a n t  m o d i f i c a t i o n  has t o  be 

Both t h e  wet  and d r y  systems have been demonstrated 

made t o  t h e  i n c i n e r a t o r  i n  o r d e r  t o  bu rn  RDF. Beside t h e  a d d i t i o n  o f  a 

feed ing  mechanism, a system f o r  s e p a r a t i n g  i n e r t  RDF m a t e r i a l s  t h a t  b u i l d  up 

i n  the  sand bed i s  requ i red .  The i n t e r i o r  o f  t h e  fu rnace s h e l l  must a l s o - b e  
p ro tec ted  f rom t h e  c o r r o s i v e  condensat ion o f  HC1 and HF gases e v o l v i n g  f rom 

combustion o f  p l a s t i c  m a t e r i a l s .  , 

5.2.5. Starved-Ai  r Combusti on (Py ro l  y s i  s ) 

With t h e  exce.ption o f  f l u i d i z e d - b e d  fu rnac?s ,  a l l  o f  t h e  i n c i n e r a t i o n  
techniques rev ie l ied  above can be opera ted  i n  a s t a r v e d - a i r  o r  p y r o l y s j s  

mode.. Thus, t h i s  ca tegory  represents  n o t  s o  much a d i s t i n c t  technology type  

a s  it does a ' ~ e n e r a 1  o p e r a t i n g  t e c h n i i u e ,  a p p i i c a b l e  t o  a number o f  

a l t e r n a t i v e  technology c o n f i g u r a t i o n s .  Four i n c i n e r a t o r s ,  s p e c i f i c a l l y  

designed t o  opera te  as p y r o l y t i c  r e a c t o r s ,  a r e  p r e s e n t l y  under deveiopment. 

These i n c i n e r a t o r s  i n c l u d e  t h e  PuroxR (Union Carb ide) ,  To r rax  
(Carborundum), LandaardR (Monsanto) , and t h e  F lash  P y r o l y s i s  (Occ iden ta l )  

systems. 80 th  the ?urox and Tor rax  processes are  based on a v e r t i c a l  s h a f t  
r e a c t o r  design; t h e  Landgard system u t i l i z e s  a r o t a r y  k i l n .  A l l  o f  these 

techno log ies  a r e  be ing  developed p r i m a r i i y  as mun ic ipa l  r e f u s e  i n c i n e r a t o r s .  
Each, however, has a l s o  been cons idered as a p o s s i b l e  c o i n c i n e r a t i o n  

technology and some t e s t i n g  has been conducted on them i n  t h i s  mode. 

c o n d i t i o n s  i s  t h e  most common o p e r a t i n g  technique.  

R 

I n  a convent iona l  re fuse  i n c i n e r a t o r ,  combustion under s t a r v e d - a i r  

Genera l l y ,  however, 
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combustion a i r  i s  added a t  only s l i g h t l y  l e s s  t h a n  s toichiometr ic  r a t e s .  
The' off-gases from the furnace are then combusted in an a f te rburner .  The 
smaller ,  modular re fuse  inc inera tors  t h a t  have been widely u t i l i z e d  s ince  
the  ea r ly  1970's a r e  almost always designed t o  operate under s ta rved-a i r  
conditions.  

Operating a multiple-hearth sewage sludge inc ine ra to r  in a pyrolysis 
mode i s  a technique t h a t  was developed s p e c i f i c a l l y  f o r  purposes o f  
coincinerat ing refuse.  
in coincinerat ing in these furnaces i s  con t ro l l i ng  the rate of combustion. 
By operating the furnace as a pyrolysis r eac to r ,  these problems a re  
e f f e c t i v e l y  overcome. During a s e r i e s  of comprehensive t e s t s  conducted on a 
MHF a t  the Contra Costa County demonstration p ro jec t ,  operating the furnace 
in  a pyrolysis  mode emerged as 'the preferred means of co-burning refuse w i t h  
sewage sludge.' 
recommend t h a t  the un i t  be operated in a pyrolysis  mode when coincinerat ing 
municipal r e f ~ s e . ~  
increased furnace capaci ty  and the capab i l i t y  f o r  pyrolysis t o  .become 
autogenous w i t h  sludges having a low s o l i d s  content.  

increased complexity of the system. The furnaces must be well sealed 
aga ins t  a i r  i n f i l t r a t i o n ,  the i n t e r i o r  l in ings  must be highly corrosion 
r e s i s t a n t ,  and  addi t ional  cont ro ls  and'  instrumentation are .required. 
Moreover, t o  be economicaiiy viabie these systems must be able  t o  recover 
and  ~ l t i ' i z e  the energy content o f  the o f f - g a s e s .  

t o  the overal l  complexity a n d  capi ta l  cos ts  of the f a c i l i t y .  F ina l ly ,  a 
g rea t e r  volume of res idual  ash a n d  char i s  produced w h e n  wastes a re  
processed by pyrolysis r a the r  t h a n  inc inera t ion .  

As described e a r l i e r ,  t he  major problem encountered 

The major manufacturers of mu1 tip.le-heart,h furnaces a l so  

Other benef i t s  associated with t h i s  approach a r e  an 

For a l l  types of pyro lys i s ,  the major disadvantage i s  the g rea t ly  

3eat r x z v e r y  jJ/sterS 263 

5.3 REVIEW OF COINCINERATION PROJECTS IN THE U.S. 
All of the ava i l ab le  techniques f o r  combined inc inera t ion  of sewage 

sludge and municipal refuse have been, a t  one time or another, t r i e d  in the  
U . S .  i n  either,commercial-  o r  p i lo t - sca le  p l a n t s .  
emerged as a d e f i n i t i v e l y  "best"  technique, although burning pre-dried 
sludge in a conventional refuse inc inera tor  has been attempted most of ten.  

No s ing le  approach has 



. .  

A comprehensive l i s t i n g  o f  former,  p resent ,  and p lanned co i ,nc ine ra t i on  
p r o j e c t s  i n  t h e  U.S. i s  p r o v i d e d  i n  Tab le  5-1. 
Stamford, Connect icu t ,  i s  c u r r e n t l y  c o i n c i n e r a t i n g  ,on a ' r e g u l a r  commercial 

bas i s .  The f a c i l i t y  i n  Glen Cove, New York, i s  i n  a s t a r t - u p  'phase. 
t h e  t o t a l  32 f a c i l i t i e s  l i s t e d ,  18 u n i t s  t h a t  f o r m e r l y  were c o i n c i n e r a t i n g  

have been shut-down o r  abandoned comp le te l y  and f o u r  f a c i l i t i e s  have 
r e v e r t e d  t o  s ing le -purpose i n c i n e r a t i o n .  O f  t h e  s i x  ma jor  c o i n c i n e r a t i o n  

p r o j e c t s  be ing  cons idered d u r i n g  t h e  mid 1970's ,  o n l y  t h e  Glen Cove f a c i l i t y  

i s  c u r r e n t l y  ope ra t i ve .  The m u n i c i p a l  i n c i n e r a t o r  i n  Har r i sbu rg ,  

Pennsylvania, p lans  t o  beg in  b u r n i n g  s ludge sometime i n  t h e  n e x t  y e a r .  
I n  q u i t e  a few cases, p l a n t s  t h a t  have shu t  down have done so f o r  

t e c h n i c a l  reasons. 
as the o l d e r ,  c o i n c i n e r a t i o n  f a c i l i t i e s .  

f a i l u r e s .  

Only one f a c i l i t y . ,  a t  

Out o f  

' 

Operat ing '  problems have p lagued some o f  t h e  new, as .we i1  

The Ansonia, Connect icu t ,  Du lu th ,  

. Minnesota and Holyoke, Connect icu t ,  p l a n t s  have each exper ienced equipment 

Even t h e  Stamford p l a n t  has.been unab le  t o  c o i n c i n e r a t e  on a 
. con t i nuous  bas i s  s i n c e  t h e  f a c i l i t y  began o p e r a t i n g  i n  1975.'. New p y r o l y s i s .  

r e a c t o r s  have y e t  t o  demonstrate a s u f f i c i e n t  l e v e l  o f  o p e r a t i n g  r e l i a b i l i t y  

when process ing  r e f u s e  alone;.and t h e  f e a s i b i l i t y  o f  c o i n c i n e r a t i n g  i n  these: .' 

u n i t s  i s  s t i l l  open t o  ques t ion .  4 

5 .4  ECONOMIC AND INSTITUTIONAL CONSIDERATIONS 

From t h e  j t a n a p o i n t  o f  annua l ized  o p e r a t i n g  cos ts ,  c o i n c i n e r a t i n g  
sludge and re fuse  appears io be an a t t r a c t i v e  waste management i pp roach  i ; i  

s i t u a t i o n s  where l a n d f i l l i n g  o r  o t h e r  d i sposa l  o p t i o n s  a r e  unava i l ab ie .  I n  
c o n t r a s t ,  t h e r e  a r e  numerous i n s t i t u t i o n a l  b a r r i e r s  t o  c o i n c i n e r a t i o n  t h a t  

5 3 2  n i t i o a t e  the economic i n c e n t i v e s  fw  co-d i soosa l .  
3.4.1 Costs f o r  C o i n c i n e r a t i o n  

conducted i n  1976.5 I n  t h i s  s tudy,  t h e  c o s t s  f o r  separate i n c i n e r a t i o n  o f  
s ludge and re fuse  were compared t o  t h e  c o s t s  o f  f o u r  combined i n c i n e r a t i o n  
systems. Costs f o r  non-thermal d i sposa l  o p t i o n s  are  a l s o  used f o r  

comparison. The c o i n c i n e r a t i o n  des igns cons idered i n c l u d e d  a 
m u l t i p l e - h e a r t h  u n i t  b u r n i n g  RDF, a Tor rax  p y r o l y s i s  s h a f t  fu rnace,  and two 

The most comprehensive assessment o f  t h e  c o s t s  o f  c o i n c i n e r a t i o n  was 
* 
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systems based on the use of a conventional refuse inc inera tor  w i t h  
pre-drying (either d i r e c t  or i n d i r e c t )  of the sludge. 

technologies considered, coincinerat ion had the  lowest annualized cos t s .  ' ' 

All four  combined incinerat ion systems were shown t o  be less c o s t l y  t o  bu;ld 
and  t o  operate  when compared t o  the cos ts  for  inc inera t ing  these  wastes 
separately.  B u r n i n g  dr ied sludge i n  a mass-burning refuse inc inera tor  was 
the lowest cos t  option. 
cos ts  than land or  ocean disposal.  

nonetheless,  be prohib i t ive  t o  many municipal i t ies .  For example, the 
capi ta l  cos t  of a multiple-hearth furnace b u r n i n g  refuse derived fuel  was 
estimated t o  be nearly four times higher t h a n  the same furnace b u r n i n g  fuel 
o i l .  
5.4.2. I n s t i t u t iona l  Factors Affecting Coincineration 

and adminis t ra t ive f ac to r s  w h i c h  r e l a t e  t o  wastewater and so l id  waste 
managemeit. 
municipal sewage sludge and refuse.  

The pr incipal  conclusion o f  t h i s  ana lys i s  was t h a t  for a l l  combustion 

However, a l l  types of incinerat ion involved higher 

The cap i t a l  cos t s  of  construct ing a coincinerat ion f a c i l i t y  could,  

In s t i t u t iona l  issues  embody a number of complex l e g a l ,  o rganiza t iona l ,  

These f ac to r s  of ten serve t o  discourage combined disposal of 

'Water- and so l id  waste-related management programs have evoived along 
d i f f e ren t  paths. 
ac t ion ,  so l id  waste handling and disposal has remained predominantly a 
pr ivate  concern. Water qua l i ty  manaqement programs are  high?y c?ntrali ;ee 
within public bodies. 
cen t ra l ized ,  w i t h  au thor i ty  vested i n  various groups, some pr iva te  and  some 
,public.  Moreover, d i f f e r e n t  aspects of s o l i d  waste removal, c o l l e c t i o n ,  
t ranspor t ,  proceszing, s torage ,  3nd disoosal can be i o n t r n l i 2 d  by d i f f e r e n t  
bodies. 
muni'cipal waste management and p l a n n i n g . 6  
responsible for munici.pa1 refuse management, there i s  no real incent ive t o  
engage i n  a coincinerat ion project ,  e spec ia l ly  when refuse disposal i s  

7 car r ied  o u t  by private companies. 

While water quali , ty programs were i n i t i a t e d  through public 

I n  con t r a s t ,  s c i i d  waste management i s  much l e s s  

These organizational d i f fe rences  alone a r e  obstacles  t o  i n t eg ra t ing  
From the  perspective of  those 

I .  

5-13 



. ,  
. .  . .  , ,  . 

S i t i n g  a cod isposa l  f a c i l i t y  c r e a t e s  numerous problems s i n c e  t h e  

c r i t e r i a  by which p o t e n t i a l  s i t e s  a r e  judged a r e  n o t  mutual .  

of a sewage t rea tmen t  p l a n t  i s  determined by h y d r o l o g i c a l  boundar ies.  

C o l l e c t i o n  and d i s p o s d l  o f  mun ic ipa l  r e f u s e  ' i s  o rgan ized acco rd ing  t o .  

m i l n i c ipa l  boundar ies. '  Ra re l y  do these l o c a t i o n a l  parameters ove r lap .  
Furthermore, w h i l e  t r a n s p o r t a t i o n  i s  a c r i t i c a l  concern i n  h a n d l i n g  r e f u s e ,  

i t  has l i t t l e  re levance  t o  t h e  t rea tment  and d i s p o s a l  o f  sewage sludge. 

" 

The l o c a t i o n  

I .  

5.5 PROSPECTS FOR GROWTH OF COINCINERATION 

L i t t l e  g rowth  i n  c o i n c i n e r a t i o n  i s  l i k e l y  t o  occur  over  t h e  n e x t  f i v e  

yea rs  because c o i n c i n e r a t i o n  has y e t  t o  be w ide ly 'demons t ra ted  as  a r e l i a b l e  

d i sposa l  technique. 

i n t o  o p e r a t i o n  i n  t h e  p a s t  has c l e a r l y  impeded t h e  widespread acceptance o f  
t he  technology. Other than t h e  p l a n t s  c u r r e n t l y  o p e r a t i n g  i n  Stamford, 

Connect icu t  and Glen Cove, New York, o n l y  t h e  f a c i l i t y  p lanned f o r  

Har r i sbu rg ,  Pennsylvania,  has a h i g h  p r o b a b i l i t y  o f  e n t e r i n g  commercial 

s e r v i c e  w i t h i n  t h e  n e x t  f e w  years .  

i n c e n t i v e s  t o  c o i n c i n e r a t e  r e f u s e  and sewage sludge. 

cos ts  f o r  f o s s i l  f u e l s  over  t h e  past  f i v e  years ,  these i n c e n t i v e s  have 

become s t r o n g e r .  A lso ,  t h e  economics o f  i n c i n e r a t i o n  r e l a t i v e  t o  l a n d  
d i sposa l  shou ld  d i m i n i s h  as a r e s u l t  o f  i nc reased  r e g u l a t i o n  and d e c l i n i n g  
a v a i l a b i l i t y  o f  d isposa l  s j t e s .  

The f a i l u r e  o f  t h e  v a s t ' m a j o r i t y  o f  t h e  systems p u t  

, 

Counter ing  these t e c h n i c a l  u n c e r t a i n t i e s ,  however, a r e  t h e  economic . . . 
Wi th  t h e  r i s e  i n  the  

8 

5.6 E M I S S I O N  CHARACTERISTICS OF COMBINED SLUDGE AND MUNICIPAL REFUSE 
I N C I N E R A T I O N  
'!e?-:! l i t t l e  da ta  a re  a v a i l a b i e  on t h e  a a r t i c , J l a t e  emiss ion  

c h a r a c z e r i s t i c s  o f  c o i n c i n e r a t i o n  f a c i l i t i e s .  On t h e  b a s i s  o f  t h e  da ta  t h a t  
a r e  a v a i l a b l e ,  no o v e r a l l  g e n e r a l i z a t i o n s  can be drawn as t o  t h e  impact t h a t  

combined b u r n i n g  has on emissions compared t o  i n c i n e r a t i o n  o f  t h e  wastes 
separa te l y .  

techno log ies '  a v a i l a b l e  f o r  c o i n c i n e r a t i o n  and t h e  c o n t r o l  dev ices  used, on 
these techno log ies ,  as w e l l  as the  d i f f e r e n c e s  i n  t h e  types  o f  waste burned, 

However, g i v e n  t h e  wide v a r i a b i l i t y  i n  b o t h  t h e  t ypes  o f  
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i t  i s  doubtful t h a t  emissions wil l  show s imi la r  cha rac t e r i s t i c s .  
topic requiring further ' invest igat ion.  
5.6.1 Control Technologies Used. 

var ie ty  of d i f f e ren t  control systems are  cur ren t ly  being.used on refuse 
incinerators .  Of the approximately 45 municipal refuse incinerators  
current ly  operating in the  U.S., about 23 a re  equipped with e l e c t r o s t a t i c  
prec ip i ta tors  ( E S P ) ,  15 use wet scrubbers, baghouses a re  in use a t  two 
p lan ts ,  and the r e s t  are control led with e i t h e r  mechanical separators or a 
combination of control devices. Each of the three  coincineration f a c i l i t i e s "  
expected t o  be operating in 1985 are equipped w i t h  ESP's. ' 

5.6.2 Emission Test Data 

This i s  a 

While wet scrubbers a re  normally used on sewage sludge inc inera tors ,  a '  

Emissions t e s t s  were performed in 1977 on the multiple-hearth sludge 
incinerator  located a t  the Central Contra  Costa Sewage Treatment P l a n t  in 
California.  The incinerator  was modified t o  burn prepared municipal refuse 
in combination with sewage sludge. I n  addi t ion ,  provisions were made t o  
operate the uni t  in e i t h e r  a n  incinerat ion o r  pyrolysis mode. Both  the  
r e l a t i v e  amounts.of RDF and sewage 'sludge entering the furnace, as well as 
the location a t  which the wastes entered the furnace,  were varied during the 
t e s t  program. ihese parameters a re  summarized fo r  each individual t e s t  run 
in Table 5 - 2 .  Particul 'ate emissions were measured (EPA'Method 5 )  a t  b o t h  

the i n l e t  a n d  the o u t i e t  o f  the af terburner .  A l t h o u g h  the incinerator  i s  
?quipped with a scrubber, no sampling was conducted o n  the scrubber i n l e t .  

individual runs have been grouped according ' to the r a t i o  of refuse t o  sludge 
burned during the t e s t .  There i s  no apparent difference in the uncontrolled 
emission r a t e  of incinerat ion as opposed t o  pyrolysis ,  a l t h o u g h  the  
eaissions from pyrolysis a r e  control led somewhat be t t e r  by the af terburner .  
This i s  most l i ke ly  a function of the difference in the average s i z e  of the 
pa r t i c l e s  leaving the furnace, which were generally la rger  when i t  was 
operated in the pyrolysis mode. 
furnace when i t  was incinerat ing sludge. a lone.  

- 

The r e s u l t s  o f  these t e s t s  a r e  summarized in Figure 5-2. The 

No emissions t e s t s  were performed on the 
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Al though p a r t i c u l a t e  emissions appear t o  d e c l i n e  a s  t h e  r a t i o  o f  RDF t o  

s ludge d e c l i n e s ,  t h i s  t r e n d  c o u l d  a l s o  be a f u n c t i o n  o f  how t h e  sludge i s  
charged i n t o  t h e  i n c i n e r a t o r .  

i s  g e n e r a l l y  h i g h e r  when t h e  sludge i s  charged separa te l y  i n t o  t h e  t o p  
h e a r t h  ( runs  8C, 80, 19H, 191, and 31P). 
f i r s t  b lended w i t h  t h e  RDF be fo re  i t  en te red  t h e  t o p  o f  the  i n c i n e r a t o r .  

c o i n c i n e r a t i n g .  s ludge. 

f a c i l i t y . '  T h i s  i n c i n e r a t o r  i s  a ba tch- fed ,  mass-burning, r e f u s e  

i n c i n e r a t o r  w i t h  a c a p a c i t y  o f  about 150 tons lday .  

f lash-evapora ted  and then burned i n  suspension i n  t h e  secondary combustion 

chamber. The r a t i o  o f  re fuse  t o  s ludge was approx ima te l y  3;5:1.  
where c o n t r o l l e d  by a s p r a y - b a f f l e  scrubber .  

t e s t e d  i n  accordance with.EPA Method 5 procedures.  

sewage sludge." 
20 t o  25 pe rcen t  mo is tu re  conten t .  

re fuse , ' bu t  r a t h e r  dumped i n t o  th'e hopper on t o p  o f ' t h e  re fuse :  
Approx imate iy  equal  p o r t i o n s  o f  s ludge and r e f u s e  were burned. The 

i n c i n e r a t o r  i s  n o t  equipped w i t h  a scrubber.  
c o n t r o l  p a r t i c u l a t e  and odorous en iss ions .  

Matzrbury f a c i l i t y ,  no d i f f e r e n c s  can be d jsce rned  between the  c o n r r g i ! e a  

p a r t i c u l a t e  emissions when refuse i s  burned s e p a r a t e l y  i n  c o n t r a s t  t o  

combined i n c i n e r a t i o n .  

emissions from the Consumat i n c i n e r a t o r  when d r i e d  s ludge i s  burned, over  
t h a t  observed f o r  r e f u s e  aione. 

The u n c o n t r o l l e d  r a t e  o f  p a r t i c u l a t e  r e l e a s e  

I n  t h e  o t h e r  runs  t h e  s ludge was 

Two s e t s  o f  emiss ions da ta  were ob ta ined f o r  r e f u s e  i n c i n e r a t o r s  

The f i r s t  s e t  i s  f rom t h e  Waterbury,  Connect icu t ,  

The s ludge was f i r s t  

Emissions 

The Waterbury u n i t  was n o t  

A Consumat modular r e f u s e  i n c i n e r a t o r  was t e s t e d  w h i l e  c o i n c i n e r a t i n g  

The s ludge was f i r s t  d r i e d  i n  an i n d i r e c t  steam d r y e r  t o  a 

The d r i e d  s ludge was not.mixed w i t h  t h e  

, ,  

A f t e r b u r n e r s  a re  empioyed t o  

The da ta  from these two t e s t s  a r e  d i s p l a y e d  i n  F igu re  5 -3 .  For the  

There i s ,  however, a n o t i c a b l e  i nc rease  i n  the  

5.7 REGULATORY ISSUES 

As mentioned e a r l i e r ,  t h e r e  i s  c u r r e n t l y  no NSPS t h a t  a p p l i e s  e x p l i c i t y  

t o  c o i n c i n e r a t i o n .  I n  t h e  few cases where new f a c i l i t i e s  s u b j e c t  
t o  NSPS have been b u i l t ,  t h e  emission l i m i t  has been determined on an ad hoc 

bas is .  Table 5-3 shows t h e  procedure t h a t  has been employed i n  making these 
de terminat ions .  
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TABLE 5-3. CURRENT BASIS FOR OETERMINING THE APPLICABILITY 
* .  OF THE NSPS TO INCINERATORS 

Muni c i pal Incinerator 
Sewage S1 udge Refuse Charging Rate Appl icablea) 

(Percent) (Percent) (tons/day) Subpart 

100 0 any rate 

~~ 

Subpart 0 

51 - 100 0 - 49 50 total waste Prorated, O/E b)  

0 - 50 50 - 100 > 50 total waste Subpart E 

0 100 < 50 municipal refuse None 

1 - 99 

11 - 99 

1 -  99 < 50 total wastes, Subpart 0 

1 -  89 < 50 total wastes, Subpart 0 

> 1.1 sewage sludge 

c - 1.1 sewage sludge 

0 - 10 90 - 100 < 50 total wastes, .None 
11.1 sewage sludge 

. .  
> 

a)Subpart 0: 1.3 lb particulate/dry ton sludge input; Subpart E: 0.08 grainsldry 

b)DSSE determination (E-;), Yay 17,  1976, allows a prorated standard based on '.he 

standard cilbic foot flue gas 

percentage o f  each waste consumed. 
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There are  a number of inconsis tencies  w i t h i n  th i s  scheme. First, a s  
noted i n  t he  1978 review of the  sewage sludge incinerat ion s t a n d a r d s ,  there  
exists a discont inui ty  when an incinerator i s  b u r n i n g  50 percent municipal 
waste and  50 percent sludge.'' Also as .noted i n  t he  1978 review, the  
separate standards a r e  not expressed i n  the same uni ts ;  the  conversion from 
a concentration- t o  a mass-based standard i s  not always straight-forward. 

Additional gaps i n  the  coverage of the ex i s t ing  regulat ions a re  a l s o  
apparent. 
app l i cab i l i t y  of the s t a n d a r d  when a n  i nc ine ra to r  i s  operated i n  a pyrolysis  
mode. In a t  l e a s t  one ins tance ,  a p l a n n e d  s o l i d  waste pyrolysis  p ro jec t  was 

12 exempted from the  NSPS on th i s  bas i s .  

s i ze  cut-off (50 tonlday) ,  while no cut-off i s  given f o r  sludge furnaces,  
r a i se s  a number of questions i n  terms of the equi ty  of the  cur ren t  procedure 
f o r  applying the Subparts. 
inc inera tor  b u r n i n g  75 ton/day of siudge would have t o  meet a l e s s  s t r i n g e n t .  
standard than a 45 ton/day inc inera tor  b u r n i n g  5 ton/day sludge. 

Final ly ,  i n  some jnstances,  i t  i s  n o t  c l ea r  whether the percent 
contribution o f  sludge t o  the t o t a l  inc inera tor  charge r a t e  i s  t o  be 
calculated 0n.a  wet or  dry basis .  

Because, of the lack o f  sufficient emission da ta ,  the differences 
between a l t e rna t ive  coincinerat ion techniques, and the differences between 
the two standards,  i t  i s  n o t  possibie t o  resolve these issues  i n  th i s  study. 
5.7.1 NSPS Applied t o  Former, Exis t ing,  and Planned Coincineration 
F a c i l i t i e s  

For example, ne i ther  Subpart E nor Subpart 0 addresses the  

The f a c t  $hat the  ex i s t ing  NSPS f o r  refuse inc inera tors  has a minimum 

For example, a . large 250 tonlday refuse 

Various determinations have been made i n  the  past  a s  t o  which NSPS 

should apply t o  coincinerat ion.  Of the f a c i l i t i e s  t h a t  were formerly 
coincinerat ing,  only the Holyoke, Massachusetts, and Duluth, Minnesota 
inc inera tors  were subjec t  t o  the  NSPS. In b o t h  instances ,  the  inc inera tors  
were required t o  meet e i t h e r  the  most s t r ingen t  appl icable  NSPS (subpart  0 ) ,  
o r  t o  meet an emission l i m i t  based on a prorat ion of the ' two appl icable  
subparts i n  a manner acceptable t o  the Administrator. 13,14 
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Each of the three coincineration projects expected to be operating over 
The the next five years will be required to meet different emission limits. 

planned coincineration facility in Harrisburg, Pennsylvania, is considered 
an existing facility, and will not be subject to the NSPS. 
will remain subject only to the state emission limit of 0.1 grains/dscf 
(corrected to 12 percent C02) for existing municipal incinerators. 
emissions test will be performed, however, once the incinerator begins to 
burn sludge. 

and therefore are subject to the NSPS, the emission limit currently applied 
to the facility is the State emission limit for existing sources of 0.4 lb 
particulate/ 1000 lb flue gas. 
however, to determine which Subpart of the NSPS that the incinerator is to 
be subject to. 
Subpart 0, then this Subpart will be applied. 

will be applied to the Glenn Cove, New York, coincineration facility. 
test program. is currently underway, and a final determination will be made 

17 at the conclusion of these tests. 

The incinerator 

An 

15 

Although the incinerators in Stamford, Connecticut, were built in 1975, 

Emissions tests are currently being planned, 

If the Stamford facility is determined to qualify under 
16 

Presently, no final determination has been made as to which Subpart 
A 
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