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1.0 SUMMARY 

The new source performance standards (NSPS) f o r  l e a d - a c i d  b a t t e r y  
manufactur ing p l a n t s  were promulgated by t h e  U.S.  Environmental P r o t e c t i o n  
Agency (EPA) on A p r i l  16, 1982, under Sec t i on  111 o f  t he  Clean A i r  Act. The 

standards 1 i m i t  emissions o f  l e a d  from new, mod i f ied ,  and recons t ruc ted  

f a c i l i t i e s  a t  any l e a d - a c i d  b a t t e r y  manufactur ing p l a n t  which has the  des ign 
capac i t y  t o  produce i n  one day b a t t e r i e s  which would conta in ,  i n  t o t a l ,  an 
amount o f  l e a d  equal t o  o r  g rea te r  than 5.9 Mg (6.5 tons) .  These standards 

apply t o  any a f f e c t e d  f a c i l i t y  which commences c o n s t r u c t i o n  o r  m o d i f i c a t i o n  

a f t e r  January 14, 1980. The a f f e c t e d  f a c i l i t i e s  inc luded i n  t h i s  source 
category are t h e  g r i d  c a s t i n g  f a c i l i t y ,  pas te  m ix ing  f a c i l i t y ,  three-process 
opera t ion  f a c i l i t y ,  l e a d  ox ide  manufactur ing f a c i l i t y ,  l e a d  rec lamat ion  

f a c i l i t y ,  and o the r  l e a d  e m i t t i n g  opera t ions .  

l ead -ac id  b a t t e r y  manufacture, and t o  assess t h e  need f o r  r e v i s i o n  on the  
bas is  o f  developments t h a t  have occurred s ince  t h e  standards were promulgated. 
This  rev iew i s  r e q u i r e d  under Sec t ion  l l l ( b )  o f  t he  Clean A i r  Act ,  as amended. 

The f o l l o w i n g  paragraphs summarize t h e  f i n d i n g s  o f  t h i s  rev iew.  
1.1 INDUSTRY TRENDS 

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  document the  rev iew o f  t he  NSPS f o r  

Two major types o f  l e a d - a c i d  s torage b a t t e r i e s  are manufactured i n  t h e  
Un i ted  States:  s t a r t i n g - 1  i g h t i n g - i g n i t i o n  ( S L I )  b a t t e r i e s ,  and i n d u s t r i a l  

storage b a t t e r i e s .  
American B a t t e r y  Indus t r y .  

reached 75.7 m i l l i o n  u n i t s ;  i n  1987, S L I  shipments were valued a t  $2.10 
b i l l i o n  (1982 $ ) .  
approx imate ly  $375 m i l l  i o n  i n  annual sa les.  

S L I  u n i t s  by f a r  account f o r  t h e  m a j o r i t y  o f  t h e  Nor th  
I n  1986, U n i t e d  Sta tes  S L I  b a t t e r y  shipments 

As o f  1985, the  i n d u s t r i a l  b a t t e r y  sec to r  accounted f o r  

1-1 



Growth i s  expected i n  t h e  f u t u r e  f o r  b o t h  t h e  SLI and i n d u s t r i a l  b a t t e r y  

markets. SLI  b a t t e r y  shipments a r e  expected t o  increase 4.5 percent  annua l l y  

between 1987 and 2000. I n  1985, i t  was es t imated t h a t  t he  i n d u s t r i a l  b a t t e r y  
market would exper ience annual growth o f  2 t o  5 percent  through 1989. 

t r e n d  i s  toward fewer, l a r g e r  p lan ts ,  w i t h  t h e  a l ready  small number o f  small 

p l  ants  decreas ing . 
1.2 CONTROL TECHNOLOGY 

The 

The l e a d - a c i d  b a t t e r y  i n d u s t r y  a p p l i e s  var ious  a i r  p o l l u t i o n  c o n t r o l s ,  

i n c l u d i n g :  baghouses, low energy wet scrubbers,  and more r e c e n t l y ,  c a r t r i d g e  
c o l l e c t o r s  and secondary h igh  e f f i c i e n c y  p a r t i c u l a t e  a i r  f i l t e r s  (HEPA). 
Manufacturers o f t e n  vent  a number o f  processes t o  t h e  same c o n t r o l  dev ice v i a  

a c o l l e c t i o n  system o f  duc ts  and hoods. 

i n d i v i d u a l  p l a n t s  depend upon p l a n t  l a y o u t ,  a p p l i c a b l e  OSHA regu la t i ons ,  and 
economics o f  p roduc t  recovery.  The emiss ions da ta  c o l l e c t e d  d u r i n g  t h i s  

rev iew show no major d i f f i c u l t i e s  i n  meet ing the  a l l owab le  NSPS l i m i t s .  

The c o n t r o l  systems used a t  

1-2  



2.0 INTRODUCTION 

2.1 SCOPE OF THE R E V I E W  
The Clean A i r  Act Amendments o f  1977 r e q u i r e  t h a t  t h e  A d m i n i s t r a t o r  o f  

EPA rev iew  and, i f  appropr ia te,  r e v i s e  e s t a b l i s h e d  standards o f  performance 
f o r  new s t a t i o n a r y  sources (NSPS) a t  l e a s t  every 4 y e a r s . l  The purpose o f  

t h i s  r e p o r t  i s  t o  document t h i s  rev iew  and t o  assess t h e  need f o r  r e v i s i o n s  
o f  t h e  e x i s t i n g  s t a n d a r d s  f o r  l ead -ac id  b a t t e r y  manufacture, based on 

developments t h a t  have  o c c u r r e d  o r  a r e  e x p e c t e d  t o  o c c u r  w i t h i n  t h e  
i n d u s t r y .  The i n f o r m a t i o n  presented i n  t h i s  r e p o r t  was ob ta ined  from 
re fe rence  l i t e r a t u r e ,  d i scuss ions  w i t h  i n d u s t r y  r e p r e s e n t a t i v e s ,  t r a d e  
o rgan iza t i ons ,  process and c o n t r o l  equipment vendors, EPA Regional  O f f i ces ,  
and S t a t e  and l o c a l  agencies. A d d i t i o n a l  i n f o r m a t i o n  was ob ta ined  from 
p l a n t  surveys, and responses t o  i n f o r m a t i o n  requests under Sec t i on  114 of  

t h e  Clean A i r  Act.2 
The rev iew conducted t o  assess t h e  c u r r e n t  NSPS f o r  l ead -ac id  b a t t e r y  

- new manufactur ing processes ( p r o d u c t i o n  o f  low 

manufacture i nc luded  severa l  areas, such as: 

maintenance o r  maintenance f r e e  b a t t e r i e s )  
t echno log ies  be ing  used f o r  compliance - 

- enforcement and compliance experiences. 

2.2. NEW SOURCE PERFORMANCE STANDARDS 
Th is  s e c t i o n  presents  t h e  c u r r e n t  f e d e r a l  r e g u l a t i o n s  f o r  new sources 

o f  l ead  and v i s i b l e  emissions from lead -ac id  b a t t e r y  manufacture. A summary 
o f  t h e  NSPS i s  f i r s t  presented, f o l l o w e d  by d e t a i l e d  d i scuss ions  o f  t h e  

requirements,  d e f i n i t i o n s ,  and s p e c i f i c a t i o n s  o f  t h e  NSPS. 

2-1 
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2.2.1 Background. 
New source performance standards r e g u l a t e  emissions o f  a i r  p o l l u t a n t s  

from new, m o d i f i e d ,  and recons t ruc ted  f a c i l i t i e s  i n  v a r i o u s  i n d u s t r i a l  
ca tegor ies .  The a u t h o r i t y  f o r  t h e  NSPS r e g u l a t i o n s  i s  granted t o  t h e  U.S. 

Environmental  P r o t e c t i o n  Agency (EPA) under Sec t i on  111 of  t h e  Clean A i r  

Act.3 
The r e g u l a t i o n  f o r  lead-ac id b a t t e r y  manufacture i s  l i s t e d  i n  Subpart 

K K  o f  40  CFR 60, (Code - -  o f  Federal  Regulat ions;  T i t l e  40 -Pro tec t i on  of  
Environment; P a r t  60-Standards o f  Performance f o r  New S t a t i o n a r y  Sources; 
Subpart KK - Standards o f  Peformance f o r  Lead-Acid B a t t e r y  Manufactur ing 
P l a n t s ) .  Subpart K K  addresses s p e c i f i c  r e q u i r e m e n t s  f o r  t h i s  s o u r c e  
category,  b u t  Subpart KK a l s o  i n c o r p o r a t e s  t h e  general  requirements f o r  any 

NSPS. These g e n e r a l  r e q u i r e m e n t s  a r e  l i s t e d  i n  S u b p a r t  A ( G e n e r a l  

P r o v i s i o n s )  o f  40 CFR 60. 

2.2.2. Summary o f  t h e  NSPS f o r  Lead-Acid B a t t e r y  Manufacture. 
New source performance standards were promulgated by t h e  €PA on A p r i l  

16, 1982, l i m i t i n g  emissions of l e a d  f rom new, mod i f i ed ,  and recons t ruc ted  
f a c i l i t i e s  a t  any l ead -ac id  b a t t e r y  manu fac tu r ing  p l a n t  which has t h e  des ign 
c a p a c i t y  t o  produce i n  one day b a t t e r i e s  which would con ta in ,  i n  t o t a l ,  ,211 

amount o f  l e a d  equal t o  o r  g r e a t e r  t han  5.9 Mg (6.5 tons ) .  These standards 

app ly  t o  any a f f e c t e d  f a c i l i t y  which commences c o n s t r u c t i o n  o r  m o d i f i c a t i o n  
a f t e r  January 14. 1980. 

The a f f e c t e d  f a c i l i t i e s  f o r  t h i s  s t a n d a r d  a r e  t h e  g r i d  c a s t i n g  
f a c i l i t y ,  pas te  m i x i n g  f a c i l i t y ,  three-process o p e r a t i o n  f a c i l i t y ,  l e a d  
o x i d e  m a n u f a c t u r i n g  f a c i l i t y ,  l e a d  r e c l a m a t i o n  f a c i l i t y ,  and o t h e r  l ead  

e m i t t i n g  operat ions.  The emission l i m i t s  a re  d e f i n e d  as f o l l o w s :  

2-2 
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Faci 1 i t y  Lead Emission L i m i t  Opaci ty 
Lead ox ide  product ion 5.0 mg/Kg (0.010 l b / t o n ) *  0% 

G r i d  c a s t i n g  0.40 mg/dscm (0.000176 gr/dscf) 0% 
Paste m i x i n g  1.00 mg/dscm (0.00044 g r / d s c f )  0% 
Three-process opera t i on  1.00 mg/dscm (0.00044 g r / d s c f )  0% 

Lead r e c l  amat i on 4.50 mg/dscm (0.00198 g r / d s c f )  5% 

Other lead e m i t t i n g  
operat ions 1.00 mg/dscm (0.00044 g r / d s c f )  0% 
The emission l i m i t  f o r  lead o x i d e  p roduc t i on  i s  expressed i n  
terms of lead emissions per  k i l og ram o f  l ead  processed. 

Compliance i s  demonstrated by an i n i t i a l  performance t e s t  us ing  €PA 

Reference Methods 9 and 12. The r e g u l a t i o n  i nc ludes  m o n i t o r i n g  and record 
keeping requirements. which w i l l  be discussed i n  d e t a i l  i n  s e c t i o n  2.2.4. 
2.2.3. A p p l i c a b i l i t y  o f  t h e   standard^.^ 

2.2.3.1. A f f e c t e d  F a c i l i t i e s .  The a f f e c t e d  f a c i l i t i e s  i nc luded  i n  t h i s  
source category a r e  t h e  g r i d  c a s t i n g  f a c i l i t y ,  paste m i x i n g  f a c i l i t y .  three-  
process opera t i on  f a c i l i t y ,  lead o x i d e  manufactur ing f a c i l i t y ,  l ead  
rec lamat ion f a c i l i t y ,  and o the r  l ead  e m i t t i n g  operat ions.  These devices are 
def ined as f o l l o w s :  

- The g r i d  c a s t i n g  f a c i l i t y  i s  t h e  f a c i l i t y  which i nc ludes  a l l  
lead m e l t i n g  po ts  and machines used f o r  c a s t i n g  t h e  g r i d  used i n  
b a t t e r y  manufacturing. 

- The paste m ix ing  f a c i l i t y  i s  t h e  f a c i l i t y  which i nc ludes  
l ead  ox ide  storage, conveying, weighing, meter ing,  and 
charg ing operat ions;  paste blending, handl ing,  and c o o l i n g  
operat ions;  and p l a t e  pas t i ng ,  t ake -o f f .  coo l i ng ,  and 
d r y i n g  operat ions.  
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- The three-process o p e r a t i o n  f a c i l i t y  i s  t h e  f a c i l i t y  

which i n c l u d e s  those processes i n v o l v e d  w i t h  p l a t e  
s tack ing ,  bu rn ing  or  s t r a p  c a s t i n g ,  and assembly o f  

elements i n t o  t h e  b a t t e r y  case. 
- The l e a d  o x i d e  manufactur ing f a c i l i t y  i s  t h e  f a c i l i t y  

which produces l e a d  ox ide from lead, i n c l u d i n g  product  

recovery. 

reme l t s  l e a d  scrap and cas ts  i t  i n t o  l ead  i n g o t s  f o r  use i n  

t h e  b a t t e r y  manufactur ing process, and which i s  n o t  a 
fu rnace  a f f e c t e d  under Subpart L. 

- Other l e a d  e m i t t i n g  opera t i ons  a re  any l ead -ac id  b a t t e r y  
manu fac tu r ing  p l a n t  ope ra t i ons  f rom which l e a d  emissions 

a r e  c o l l e c t e d  and ducted t o  t h e  atmosphere and which a re  
n o t  p a r t  o f  a g r i d  cas t i ng ,  l e a d  o x i d e  manufactur ing,  
l e a d  rec lamat ion,  pas te  mix ing,  o r  three-process 
o p e r a t i o n  f a c i l i t y ,  or a furnace a f f e c t e d  under 
Subpart L. 

- The l e a d  rec lamat ion  f a c i l i t y  i s  the f a c i l i t y  which 

2.2.3.2 A p p l i c a b i l i t y  Date. The NSPS a p p l i e s  i f  t h e  c o n s t r u c t i o n  or 
m o d i f i c a t i o n  commenced a f t e r  January 14, 1980, ( t h e  d a t e  o f  t h e  o r i g i n a i  

proposal  o f  t h e  r e g u l a t i o n )  f o r  any a f f e c t e d  f a c i l i t y .  
i s  d e f i n e d  i n  t h e  General P rov i s ions  t o  40 CFR 60, ( S e c t i o n  60.2); 

"Commenced means t h a t  an owner or  o p e r a t o r  has undertaken a cont inuous 
program o f  c o n s t r u c t i o n  or  m o d i f i c a t i o n  or t h a t  an owner or opera to r  has 
entered i n t o  a b i n d i n g  agreement or c o n t r a c t u a l  o b l i g a t i o n  t o  undertake and 

complete, w i t h i n  a reasonable t ime, a cont inuous program o f  c o n s t r u c t i o n  or 
mod i f i ca t i on . "  

The te rm "commenced" 

2.2.3.3. M o d i f i c a t i o n .  Whi le  NSPS a r e  in tended p r i m a r i l y  f o r  newly 

cons t ruc ted  f a c i l i t i e s ,  e x i s t i n g  sources can become s u b j e c t  t o  an NSPS 
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through e i t h e r  " m o d i f i c a t i o n "  o r  " recons t ruc t i on . "  

i n  d e t a i l  i n  t h e  General P r o v i s i o n s  f o r  P a r t  60, (40 CFR 60.14 and 40 CFR 

60.15). 

p r o v i s i o n s  i f  t h e r e  i s  any p h y s i c a l  o r  ope ra t i ona l  change t h a t  causes an 
i nc rease  i n  t h e  emission rate.  A number o f  c l a r i f i c a t i o n s .  exemptions, and 
except ions t o  t h e  m o d i f i c a t i o n  p r o v i s i o n  a r e  l i s t e d .  The f o l l o w i n g  a c t i o n s  

by themselves a re  not  cons idered t o  be m o d i f i c a t i o n s :  
- r o u t i n e  maintenance, r e p a i r ,  and replacement 
- 

These terms a re  d e f i n e d  

An e x i s t i n g  f a c i l i t y  becomes s u b j e c t  t o  t h e  NSPS under t h e  m o d i f i c a t i o n  

p r o d u c t i o n  increases achieved w i t h o u t  any c a p i t a l  
expend i tu re  

hours o f  o p e r a t i o n  

use o f  an a l t e r n a t i v e  f u e l  i f  t h e  e x i s t i n g  f a c i l i t y  was 
o r i g i n a l l y  designed t o  accommodate such an a l t e r n a t i v e  
use 

- a d d i t i o n  o r  replacement o f  equipment f o r  emiss ion c o n t r o l  
(as l o n g  as t h e  replacement does n o t  i nc rease  emiss ions)  - r e l o c a t i o n  o r  change o f  ownership o f  an e x i s t i n g  
f a c i  1 i ty. 

- p r o d u c t i o n  increases r e s u l t i n g  f rom an i n c r e a s e  i n  t h e  

- 

Also, t h e  a d d i t i o n  o r  m o d i f i c a t i o n  o f  one f a c i l i t y  a t  a source w i l l  n o t  
cause o t h e r  u n a l t e r e d , f a c i l i t i e s  a t  t h a t  source t o  become s u b j e c t  t o  t h e  

NSPS. 
2.3.3.4. Reconstruct ion.  An e x i s t i n g  f a c i l i t y  becomes s u b j e c t  t o  t h e  

NSPS upon r e c o n s t r u c t i o n  rega rd less  o f  any change i n  the r a t e  o f  emissions. 

Recons t ruc t i on  i s  d e f i n e d  as t h e  replacement o f  components o f  an e x i s t i n g  
f a c i l i t y  t o  t h e  e x t e n t  t h a t  t h e  cumu la t i ve  f i x e d  c a p i t a l  c o s t  o f  t h e  new 

components exceeds 50 percent  o f  the c o s t  t h a t  would be r e q u i r e d  t o  
c o n s t r u c t  a comparable e n t i r e l y  new f a c i l i t y .  
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2.2.4. T e s t i n g  and M o n i t o r i n g   requirement^.^ 
The owner o r  o p e r a t o r  o f  a f a c i l i t y  s u b j e c t  t o  NSPS i s  r e q u i r e d  t o  

conduct performance t e s t s  w i t h i n  a s p e c i f i e d  p e r i o d  a f t e r  s t a r t - u p ,  and 
t h e r e a f t e r  f rom t i m e  t o  t i m e  as may be s p e c i f i e d  by t h e  €PA. 
performance t e s t s  a re  requ i red  i n  o r d e r  t o  demonstrate t h a t  t h e  standards 
a r e  b e i n g  met by t h e  new device.  

requirements a re  l i s t e d  i n  t h e  General P r o v i s i o n s  f o r  40 CFR P a r t  60. 
, (Sec t i ons  60.7, 60.8, and 60.13). w h i l e  d e t a i l s  s p e c i f i c  t o  t h i s  source 
ca tegory  a r  found i n  Subpart KK.  ( S e c t i o n  60.374). 

60 days a f t e r  t h e  f a c i l i t y  f i r s t  achieves i t s  maximum in tended  r a t e  o f  
ope ra t i on ,  b u t  n o t  l a t e r  t han  180 days a f t e r  t h e  i n i t i a l  s ta r tup .  
days must be a l lowed f o r  p r i o r  n o t i c e  t o  t h e  €PA, t o  a l l o w  t h e  Agency t o  

des igna te  an observer  t o  wi tness t h e  t e s t .  

€PA Reference Method 12 i s  used t o  measure l ead  concen t ra t i ons .  The 
sampl ing t i m e  f o r  each run  s h a l l  be a t  l e a s t  60 minutes and t h e  sampling 

r a t e  s h a l l  be a t  l e a s t  0.85 dscm/h (0.53 dsc f /m in ) .  Lead emissions from 
lead  o x i d e  manufactur ing f a c i l i t i e s .  expressed i n  terms o f  mass emissions 
p e r  mass o f  l e a d  charged. i s  determined u s i n g  t h e  c o n c e n t r a t i o n  o f  l e a d  i n  
t h e  exhaust stream. t h e  vo lumet r i c  f l o w  r a t e  o f  t h e  exhaust stream, and t h e  

l e a d  feed r a t e  t o  t h e  f a c i l i t y .  €PA Reference Method 9 i s  used t o  
demonstrate compl iance w i th  t h e  o p a c i t y  r e g u l a t i o n s .  

pressure d rop  across t h e  scrubbing system i s  t o  be measured and recorded a t  

l e a s t  once eve ry  15 minutes. 
l e a s t  two years. 
d u r i n g  a l l  performance t e s t i n g .  

These 

General t e s t i n g ,  mon i to r i ng ,  and r e p o r t i n g  

The i n i t i a l  t e s t  o f  performance o f  a f a c i l i t y  must be conducted w i t h i n  

T h i r t y  

To demonstrate compliance w i t h  t h e  s tandards l i m i t i n g  l ead  emissions, 

For any a f f e c t e d  f a c i l i t y  c o n t r o l l e d  by a scrubbing system, t h e  

These reco rds  must be kept  on f i l e  f o r  a t  
Pressure drop m o n i t o r i n g  and r e c o r d i n g  i s  a l s o  r e q u i r e d  
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3.0 THE LEAD-ACID BATTERY INDUSTRY 

3.1 GENERAL 
The largest single use of lead in the United States is in the manufacture 

of lead-acid, or secondary, storage batteries. There are approximately 90 
lead-acid battery manufacturing facilities in the United states, scattered 
throughout the country.'" These facilities are generally located in highly 
urbanized areas near markets for their batteries, and can range in size from 
one small plant producing a single type of battery, to a large complex of 
several plants producing many different types of batteries. Some of the larger 
facilities have secondary smelting operations, or lead oxide production 
facilities, or both; smaller firms tend to purchase the lead constituents from 
outside vendors. Table 3-1 lists U.S. lead-acid battery manufacturing 
facilities as of October, 1988. 
3.1.1 P ofile 

United States: 1) starting-1 ighting-ignition (SLI) batteries, used in 
automobiles, golf carts, and aircraft, SIC (Standard Industrial Classification) 
36911, and 2) industrial storage batteries for low-voltage power systems, 
industrial fork-1 ift trucks, and the 1 ike, SIC 36912. 

SLI units by far account for the majority of the North American Battery 
Industry.' SLI battery shipments in 1987 were valued at $2.10 billion 
(1982S)', accounting for 0.055 percent of the 1987 gross national product (GNP) 
of $3808 billion (1982 S ) 9 .  

mines and secondary 
lead smelters. United States mine production of recoverable lead in 1985'was 
413,955 Mg (456,303 tons)." Secondary lead recovery in 1985 was 594,200 Mg 
(654,987 tons)." The storage battery industry consumed 853,824 Mg (941,164 
tons) of lead in 1986." lead consumption by individual products in the years 
1982 through 1986 i s  summarized in Table 3-2. 

Two major types of lead-acid storage batteries are manufactured in the 

The battery industry receives lead from two sources: 
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TABLE 3-1.  UNITED STATES LEAD A C I D  BATTERY 
MANUFACTURING FACILITIES 1 ~ 2 , ’ ~ 1 ~ 5 ~ 6 ~ ’  

COMPANY MANUFACTURING LOCATIONS 
Acme B a t t e r y  Manufac tur ing  Co. S t .  Louis,  MO 

S t .  Lou is ,  MO 

Alaska Husky B a t t e r y ,  I n c .  
Anchorage, AK 

AMP K ing  B a t t e r y  Co. 
San Francisco, CA 

A t l a n t i c  B a t t e r y  Company, I nc .  
Watertown, MA 

B a t t e r y  B u i l d e r s ,  I n c .  
N a p e r v i l l e ,  I L  

B e l l  C i ty  B a t t e r y  Manufac tur ing  Co. 
B e l l e v i l l e ,  I L  

C&D Power Systems, I n c .  
Plymouth Meeting, PA 

Car-Go B a t t e r y  Company 
Denver, CO 

Con t inen ta l  B a t t e r y  Manufactur ing Co. 
Da l l as ,  TX 

Crown B a t t e r y  Manufac tur ing  Co. 

Dan ie l1  B a t t e r y  Manufac tur ing  Co. 

Delco Remy D i v i s i o n  o f  G.M. 

Fremont. OH 

Baton Rouge, LA 

Anderson, I N  

Douglas B a t t e r y  Manufac tur ing  Co. 
Winston-Sal em, NC 

Dyno B a t t e r y  Co. 
Sea t t l e ,  WA 

Anchorage, AK 

San Francisco, CA 

Watertown, MA 

N a p e r v i l l e ,  I L  

B e l l e v i l l e ,  I L  

Conyers, GA 
Huguenot, NY, 
Leola, PA 

Denver, CO 

Da l l as .  TX 

Fremont, OH 

Baton Rouge. LA 

Anaheim, CA 
F i t z g e r a l d ,  GA 
Muncie, I N  
Olathe, KS 
New Brunswick, NJ 

Winston-Salem, NC 

S e a t t l e ,  WA 
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TABLE 3-1. UNITED STATES LEAD A C I D  BATTERY 
MANUFACTURING FAC I L I T 1  ES ( Cont i nued) 

COMPANY MANUFACTURING LOCATIONS 
East Penn Manufactur ing Co., I n c .  Lyon S t a t i o n ,  PA 

Lyon S t a t i o n ,  PA 

E l e c t r o - L i t e  B a t t e r y  Co. 
Chattanooga, TN 

Estee B a t t e r y  Co. 
Commerce, CA 

Exide Corpora t ion  
Reading, PA 

Farmland I n d u s t r i e s ,  I nc .  
Kansas City, MO 

Gates Energy Products, I n c .  
Denver, CO 

GNB Incorpora ted  
S t .  Paul, MN 

Chattanooga, TN 

Commerce. CA 

C i t y  o f  I ndus t r y ,  CA 
V i s a l i a ,  CA 
Bu r l  ing ton ,  I A  
Manchester, I A  
F r a n k f o r t ,  ' I N  
Logansport, I N  
Sa l i na ,  KS 
Richmond, KY 
A1 1 entown, PA 
Hamburg, PA 
Reading, PA 
G r e w ,  SC 
Sumter, SC 

Kansas City, MO 

Denver, CO 
Warrensburg, MO 

F t .  Smith, AR 
Ci ty  o f  I n d u s t r y ,  CA 
Sun Va l l ey ,  CA 
Orlando, FL 
Columbus, GA 
Kankakee, I L  
Kansas C i t y ,  KS 
Leavenworth, KS 
Shreveport ,  LA 
Florence, MS 
Salem, OR 
Dunmore, PA 
Memphis, TN 
Da l l as ,  TX 
Lynchburg, VA 
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TABLE 3-1.  UNITED STATES LEA0 A C I D  BATTERY 
MANUFACTURING FACI  L IT1  ES (Cont inued)  

COMPANY MANUFACTURING LOCATIONS 
I n t e r s p a c e  B a t t e r y  Co. West Covina. CA 

West Covina, CA 

Johnson C o n t r o l s ,  I n c .  
Milwaukee, W I  

K.W. B a t t e r y  Company 
Skokie,  I L  

Miami B a t t e r y  Manufac tur ing  Co. 
M i a m i ,  FL 

Mule B a t t e r y  Company, I n c .  
Providence, R I  

New C a s t l e  B a t t e r y  Manufactur ing Co. 
New C a s t l e ,  PA 

Nor ton  B a t t e r y  Manufactur ing,  I nc .  
R i a l t o ,  CA 

Old I r o n s i d e s ,  I nc .  
Campbell s p o r t ,  W I  

P i l o t  B a t t e r i e s ,  I n c .  
Kankakee, I L  

Powerstone B a t t e r i e s  Inc. /Keystone B a t t e r i e s  
F a i r f i e l d ,  CA 

Prime B a t t e r y  Manufac tur ing  Co. 
Anderson, I N  

Prime B a t t e r y  Mfg. Co./West Kentucky B a t t e r y  
Benton, KY 

F u l l e r t o n ,  CA 
Middl  etown, DE 
Tampa, FL 
Geneva, I L  
L o u i s v i l l e ,  KY 
Owosso, M I  
S t .  Joseph, MO 
Winston-Salem, NC 
Ho l land,  OH 
Canby, OR 
Garland, TX 
Bennington, VT 
Milwaukee, W I  

Skokie. I t  

Miami, FL 

Providence, R I  

New C a s t l e ,  PA 

R i a l t o ,  CA 

Campbel lsport ,  W I  

Kankakee, I L  

F a i r f i e l d ,  CA 

Anderson, I N  

Benton, KY 
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TABLE 3-1 .  UNITED STATES LEAD A C I D  BATTERY 
MANUFACTURING F A C I  LIT1 ES (Cont inued) 

COMPANY MANUFACTURING LOCATIONS 
Ray G l a s s  B a t t e r i e s ,  I n c .  Thomasvi l le,  GA 

Thomasvi l le, GA 

Sound B a t t e r y  Company, I n c .  
Tacoma, WA 

Standard I n d u s t r i e s  
San Antonio, TX 

Standard Storage B a t t e r y  Co. 
S t .  Paul, MN 

S u r r e t t e  Storage B a t t e r y  Co. 
T i l t o n ,  NH 

Teledyne B a t t e r y  Products 
Redlands, CA 

Tro jan  B a t t e r y  Co. 
Santa Fe Springs, CA 

U.S. B a t t e r y  Manufactur ing Co. 
Signal  H i l l ,  CA 

Vol tmaster  Company, I n c .  
Corydon, I A  

Tacoma, WA 

San Antonio. TX 

S t .  Paul, MN 

T i l t o n ,  NH 

Redlands, CA 

Santa Fe Springs, CA 
L i t h o n i a ,  GA 

S igna l  H i l l ,  CA 
Evans, GA 

Corydon, I A  
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TABLE 3-2 

CONSUMPTION OF LEAD IN UNITED STATES" 
BY PRODUCT CATEGORY 

Lead Content - Short Tons 

1982 1983 1984 1985 1986 
Y*.l Pmductl TOW 98i.W t.Oga.093 1,131,327 1.104.437 1.102.160 

Ammunilion - shot h bullem 48.763 40.168 52.721 55,372 48.923 
Beanng metals 1014 6.761 6.442 5.155 5.943 6.089 

Machinery except elactncal 1.340 1.414 985 366 640 
280 274 295 

3.095 4.271 4,174 
1.032 980 

3.194 
Elactncsl h electronic equipment 106 
Motor vehicles h equipment 2.227 

698 
12.103 8.623 9.241 

17.087 18.807 
1'778 7.665 

m e r  Iranwrlation equip. 3.088 
Brass h bronze - billels h ingoU 12.513 
Cable mvenng - power h mmmunicaaon 16.734 11.580 13.525 

Camng metafs tolal 27.626 17.907 17.422 21.399 11.319 
Eleclncal machinery 6 equipment 884 1.408 1.818 2.030 1.321 
Momr vehicles h equipment 724 761 840 1,124 1,496 

NUdew radia6cn shieldmg~ IC) 9.524 6.041 5.960 1.017 

Calking lead-building m n s m o n  4.471 3.937 4.372 2.522 2.021 

Other tramp3rtation and equipment 26.018 6.214 8.723 12.285 7.405 

PiWS. tW h Other EXtNded 
producis total 
Building wnsmctiwI 
Storage tanks. process vessels. etc 

Sheet lead total 
BUlldlW CMStNdlOn 
Sloragc tanks. process vessels. etc 
Medical radialion shielding 

Building mnsmctiun 
Metal can?, 8 shiooina containers 

Soider total 

9.567 
9.100 

467 
16.710 
11.01 1 

I38 
5.561 

31.416 
7.430 
8.223 

Eleclronic comp-inenis 6 accessones 8.577 
Other elactncsl machinery 6 equipment 2.978 
Motor vehicles 6 equipment 6.208 

Storage battery grids. sis. eic. total 344.562 
Storage baltenes - cl automotive 313.891 
Storage Battenes-industrial h lraclion 30.671 

Storage battery oxides total 431.820 402.269 
Storage batteries - SLI automotive 41 0.1 50 lbl lbl 
Storage battenes -industrial h traction 21.670 ibi IO1 Ibl (01 

Teme metal - motor vehicles h equpment 3.624 5.574 6.695 5.609 3.855 
Tvpe metal - pnnang h allied induslnes 3.049 2.800 2.383 1.789 337 

Paints 14.743 17.022 19.136 15.494 15.873 
Glau 6 ceramic products 38.059 43.729 50.819 48.663 J4.953 

Olher metal pmduns (a) 7.820 8.674 9.132 6.140 4.054 
Other Oxidea Toul 67.093 75.722 84.668 80,208 76.640 

Other pi men6 14.291 14.971 14.71 1 16.051 15.814 
Gaaollna %ddltlvas 131.433 98.238 87.009 50.369 31.461 
MIscdIanwus uses 21.471 23.938 27.521 30.764 29.671 
TOUl 1.185.435 1265.989 1.330.523 1.265.778 1.239.932 

14.348 
14,078 

270 
15.702 
12.058 

143 
3.501 

31,405 
6.327 
5.667 
6.255 
2.681 
8.475 

421.453 
(01 
lbl 

468.000 
lbl 

15,055 
12.534 
2.521 

16.165 
14,746 

176 
1.243 

26.941 
7.212 
3.610 
5.909 
2,454 
7.756 

469.915 
I O )  
lb l  

464.181 

13.068 
12.629 

439 
16.349 
12.562 
1.766 
2.02: 

23.560 
4,926 
3.190 
4.615 
2.863 
7,966 

516,703 
lbl 
(01 

410.273 

13.825 
13.117 

708 
19.043 
13.858 
2.247 
c.938 

23.482 
4.975 
2.258 
4.776 
2.421 
9.052 

5 3 8.9 5 5 

1!1 
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Total United States battery shipments reached 75.7 million SLI units in 
1986." Figures 3-1 and 3-2 show the shipments of SLI units (replacement, 
original equipment, and exports) since 1942. Shipments of replacement units 
have shown steady growth over the past ten years, accounting for nearly 80 
percent of the 1986 SLI battery shipments." Tables 3-3 and 3-4 summarize SLI 
battery use from 1982 to 1986. Approximately 80 percent of the SLI units are 
used in automobiles." Prel iminary values for 1987 United States battery 
shipments (not including exports) are 59.5 million replacement units and 13.1 
mill ion original equipment units." 

United States is industrial storage batteries. 
o f  industrial batteries, motive power and stationary. As of 1985, the motive 
power sector accounted for annual sales in the range of $200 million, with 
approximately $175 mill ion in annual sales being attributed to the stationary 
sector." At that time, over 85 percent of the motive power category market 
was for forklifts and material handling equipment, and over 75 percent of the 
stationary market was for telecommunications and UPS (uninterrupted power 
source) ." 

markets. 
between 1987 and 2OOO." In 1985, it was estimated that the industrial battery 
market would experience annual growth of two to five percent through 1989." 
The trend i s  toward fewer, larger plants, with the already small number of 
small plants decreasing." 

The other major type of lead-acid storage battery manufactured in the 
There are two major categories 

Growth is expected in the future for both the SLI and industrial battery 
SLI battery shipments are expected to increase 4.5 percent annually 

3.1.2. Process Descriotion 
A lead-acid battery consists of any number of cells, depending on the 

voltage of the battery. Stationary batteries contain u p  to 120 cells (240 
volts), whereas automobile batteries generally contain 3 or 6 cells (6 or 12 
volts). Lead acid storage batteries range in size and weight. The electrodes 
are made of lead, and the electrolyte consists of a solution of sulfuric acid 
and water. 
porous or spongy lead. 
sulfate when the battery is discharging. Many complicated chemical reactions 
take place inside a lead-oxide battery during discharge, resulting in 

The cathode consists of lead peroxide and the anode consists of 
Both the anode and the cathode are converted to lead 
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FiGCXP 3-1 

U.S. TOTAL SHIPMENTS* OF S.L.I. BATTERIESL5 
MILLIONS OF UNITS 

1942 16.5 
1943 16.1 

1944 20.4 

1945 19.0 

1946 21.0 

1947 31.2 

1948 31.0 
1949 26.2 

1950 32.9 

1951 

1952 

1953 
1954 

1955 

1956 

1957 

1958 

1959 

29.7 1960 34.4 

28.4 1961 35.2 

31.3 1962 39.0 

30.6 1963 41.0 

35.4 1964 39.1 
32.3 1965 40.8 
33.4 ' 1966 41.6 
30.6 1967 40.2 

34.4 1968 45.0 

1969 

1970 

1971 

1972 

1973 
1974 

1975 
1976 

1977 

46.4 1978 73.2 
46.9 1979 69.3 

50.6 1980 61.7 
55.5 1981 65.5 

1982 64.6 57.1 

55.6 1983 69.0 
52.9 1984 74.7 
64.1 1985 74.4 
70.7 1966 75.7 

* Shipments represent  rounded sum of  rep lacenent .  o r i g i n a l  equipv.ent, 
and export  shipments .  
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FIGURE 3-2 

ORIGINAL EXPORT 
YEAR REPLACEMENT EQUIPMENT 12V. SV 

MtLLIONS OF UNITS 
1942 15.2 1 .o .3 
1943 17.0 .7 .4 
1944 19.1 .7 .6 
1945 17.6 .7 .7 

1947 25.8 4.8 .6 
1948 25.1 5.3 .6 
1949 19.4 6.3 .5 
1950 24.4 8.0 .5 
1951 22.2 6.8 .7 
1952 22.5 5.5 .4 
1953 23.6 7.3 .4 
1954 23.8 6.6 .4 
1955 25.8 9.2 .4 
1956 25.0 6.9 .4 

1957 . 25.9 7.2 .3 
19% 25.3 5.1 .2 
1959 27.5 6.7 .2 
1960 26.3 7.9 .2 
1961 28.3 6.7 .2 
1962 30.5 8.2 .3 
1963 31.7 9.1 .2 

1946 , 17.5 3.1 .4 

BREAKDOWN OF U.S. BATTERY SHIPMENTS (1942-86) ’’ 
ORIGINAL EXPORT 

YEAR REPLACEMENT EOUIPMENT 12V. SV 

1964 29.6 9.3 .2 
1965 29.5 11.1 .2 
1966 31.1 10.3 .2 
1967 31.0 9.0 .2 
1968 33.8 10.7 .5 
1969 35.5 10.1 .8 
1970 37.9 8.2 .8 
1971 39.1 10.6 .9 
1972 43.2 11.3 1 .o 
1973 43.5 12.6 1 .o 
1974 44.4 10.1 1.1 

1975 42.6 9.0 1.3 
1976 49.2 13.4 1,5 

1977 54.6 14.7 1 .4 
1978 56.4 15.2 1.6 
1979 53.7 14.4 1 2  
1980 50.1 10.0 1 6  
1981 53.6 10.0 1.9 
1982 54.2 8.4 2.0 
1983 56.1 10.8 2.1 
1984 59.3 12.8 2.6 
1985 58.7 13.5 2.2 
1986 60.3 13.3 2.1 
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TABLE 3-3 

UNITED STATES -1. 

REPLACEMENT BATTERY SHIPMENTS: 
PRODUCT CATEGORY (000’s) l 3  

PRODUCT CATEGORY 1982 1983 1984 1985 1986 

Passenger Car: 
12 Volt 
6 Volt 

Heavy Duty: 
12 Volt 
6 Volt 

44.207.8 45.080.0 47,354.5 46.685.6 47.682.1 
1.460.7 1.282.7 1.234.0 1.095.0 960.8 

2.002.9 2.379.6 2.757.6 2.766.0 3.031.1 
1,719.7 1,705.0 1.775.2 1.656.8 1.557.5 

Special Tractor 751.3 853.8 878.8 785.6 842.5 

Marine 1,414.4 1.770.5 2.003.9 2.097.3 2.442.5 

General Utility 1,156.2 1,395.7 1.477.2 1,591.4 1.748.4 

Golf Car 866.2 915.0 1.175.7 1,270.9 1.303.3 

Miscellaneous 255.7 329.7 260.2 324.1 315.6 

Total 53.834.9 55,712.0 58.917.1 58.272.7 59.aa3.a 

UNITED STATES 
RY SHIPMENTS : 

Passenger Car: 
12 Volt 7.384.5 9.576.6 10.936.0 1 1.656.9 1 1.320.1 
6 Volt 31.2 34.5 (2.3 12.1 7.7 

Heavy Duty: 
12 Volt 
6 Volt 

451.1 499.9 838.2 667.0 716.0 
80.9 44.7 52.5 42.6 33.8 

Special Tractor 28.8 32.0 43.1 29.5 16.8 

Marine 9.7 4.6 5.3 6.7 28.9 

General Utility 319.5 473.8 669.7 748. t 778.0 

Golf Car 67.6 150.2 208.1 303.6 370.7 

Miscellaneous 0.0 0.0 0.0 0.0 0.0 

Total 8.373.3 10.816.3 12.765.2 13.466.5 13.272.0 
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TABLE 3-4 

U.S. BAlTERY SHIPMENTS l 7  

REPLACEMENT AND ORIGINAL EQUIPMENT 
SHARES BY PRODUCT CATEGORY (%'s) 

1902 1983 1984 1985 1986 
PRODUCT CATEGORY %R/%OE %RI%OE %R/%OE %R /%OE %R/%OE 

Passenger Car, Light 
Commercial - 12 V 86/14 82/18 81/19 60120 81/19 

6 V  9812 9713 9911 9911 9911 

Heavy Duty Commercial 
12 v 82/16 83/17 77/23 81/19 81 I1 9 
6 V  9614 9713 9713 9713 9812 

Special Tractor 9614 9614 9515 9614 9812 

Marine 9911 1 OOIO 1 0010 1 0010 9911 

General Utility 78/22 75125 69/31 68/32 69/31 

Golf Car 93/7 86/14 8511 5 81/19 78/22 
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n e u t r a l i z a t i o n  o f  t h e  two p l a t e s  and weakening o f  t h e  e l e c t r o l y t i c  s o l u t i o n  b y  
format ion o f  water .  

g r i d ,  which prov ides  mechanical suppor t  f o r  t h e  a c t i v e  p o r t i o n  ( t h e  p l a t e )  and 
a conduct ive  pa th  f o r  t h e  e l e c t r i c  c u r r e n t ,  and ( 2 )  a l ead  ox ide  s u l f a t e  paste,  

which i s  app l i ed  and bonded t o  the  g r i d s .  
b a t t e r y  i nc lude  p l a s t i c  separa tors  o r  envelopes, and t h e  o u t e r  case m a t e r i a l s ,  

which are u s u a l l y  vu lcan ized rubber,  po lypropy lene,  ny lon,  o r  a c r y l i c s .  F igure  
3-4 shows t h e  arrangement o f  b a t t e r y  components i n  an element. 

Consumer a t t e n t  i o n  has r e c e n t l y  been d i r e c t e d  toward t h e  water less  o r  

"maintenance f r e e "  b a t t e r i e s .  These b a t t e r i e s  are t y p i c a l l y  supp l i ed  w i t h o u t  

vent  p lugs o r  p r o v i s i o n s  f o r  adding water.  
sealed, they  a r e  always vented i n  some way, u s u a l l y  b y  smal l  ho les i n  t h e  t o p  

o f  t h e  b a t t e r y  case. 

convent iona l  b a t t e r y  except in  appearance; t h e y  a l l  use l ead - lead  perox ide  
p l a t e s  i n  a s u l f u r i c  a c i d  e l e c t r o l i t e .  

l e a d  a l l o y  used i n  some o f  t h e  p l a t e s  ( u s u a l l y  a s u b s t i t u t i o n  o f  ca lc ium f o r  
t he  antimony) and g e n e r a l l y  they do consume so l i t t l e  water  d u r i n g  normal 
ope ra t i on  t h a t  water  a d d i t i o n  i s  u s u a l l y  unnecessary d u r i n g  t h e  l i f e  o f  t h e  

b a t t e r y .  However, manufactur ing processes f o r  these b a t t e r i e s ,  and the  
a t tendant  emissions, a re  f o r  a l l  p r a c t i c a l  purposes i d e n t i c a l  t o  those f o r  t h e  

convent iona l  b a t t e r y .  Therefore,  t h i s  document makes no d i s t i n c t i o n  between 
t h i s  s t y l e  o f  b a t t e r y  and convent iona l  b a t t e r i e s .  

Lead ox ide  (g ray  o r  b l a c k  l ead )  i s  used i n  p repar ing  the  a c t i v e  m a t e r i a l s .  

Many b a t t e r y  p l a n t s  prepare t h e  ox ide  in-house, and severa l  processes a re  used. 

A process f l o w  diagram f o r  t h e  manufacture o f  l e a d - a c i d  s torage b a t t e r i e s  
i s  shown i n  F igu re  3-5 .  As t h e  f i g u r e  i n d i c a t e s ,  t h i s  s tudy encompasses o n l y  
t h e  b a t t e r y  manufactur ing process and p roduc t i on  o f  l e a d  ox ide  (PbO): i t  does 

no t  i nc lude  l e a d  smel t ing  operat ions,  which a re  covered by separate new source 
performance standards.  

g r i d s  are g e n e r a l l y  cas t  i n  doub le ts  ( two g r i d s  per  c a s t i n g )  f rom mol ten l e a d  

t o  which c a l c i u m  o r  antimony has been added t o  p r o v i d e  hardness. These g r i d s  

F igure  3-3 shows t h e  components o f  a b a t t e r y .  

The e lec t rodes ,  o r  p la tes ,  c o n s i s t  o f  two p a r t s :  ( 1 )  an i n a c t i v e  l ead  

Other m a t e r i a l s  i n  the  l e a d - a c i d  

Though they  appear t o  be t o t a l l y  

These b a t t e r i e s  are p r a c t i c a l l y  i d e n t i c a l  t o  the  

There are s u b t l e  d i f f e r e n c e s  i n  the  

B a t t e r y  manufactur ing begins w i t h  g r i d  c a s t i n g  and pas te  mix ing .  The 
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CELL COVER GASKET, I 
VISUAL LEVEL FILL TERMINAL POST 

ROTECTED CELL 
CONNECTOR 

‘SEDIMENT CHAMBER 

2 1  FIGURE 3-3. A lead-ac id  s t o r a g e  b a t t e r y .  
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NEGATIVE PLATE GROUP 

\ \  
SEPARATORS 

P O S I T I V E  PLATE GROUP, 

P O S I T I V E  

NEGATIVE PLATEJ 

22 FIGURE 3 - 4 .  Components of a b a t t e r y  element 
(shown p u l l e d  a p a r t ) .  
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a re  coated w i t h  e i t h e r  p o s i t i v e  o r  nega t i ve  paste,  formed ( a  process discussed 
l a t e r ) ,  cured, c u t  i n t o  two separate g r i d s  ( a  process c a l l e d  s l i t t i n g )  and then 

sent  t o  be-assembled i n t o  b a t t e r i e s .  r 
Except f o r  t he  l ead  ox ide  manufactur ing f a c i l i t y ,  t h e  p a r t i c u l a t e  

p o l l u t a n t  ca tch  f r o m  t h e  p o l l u t i o n  c o n t r o l  systems, whether wet o r  d ry ,  i s  

rec la imed by a l e a d  smel te r .  The p a r t i c u l a t e  captured  f rom the  l e a d  ox ide  

manufactur ing opera t i on  i s  used i n  t h e  pas te  mixer .  

3.2 G R I D  CASTING 
Techniques f o r  c a s t i n g  o f  g r i d s  vary  w i t h  t h e  a l l o y  used, t h e  type  o f  

molds, and mold p repara t i on  be fo re  cas t i ng .  
mel ted i n  e l e c t r i c  o r  g a s - f i r e d  l e a d  po ts  a t  approx imate ly  370'C (700'F).z1 
The, furnace i s  o f t e n  equipped w i t h  a hood t o  vent  t h e  fumes t o  a c o n t r o l  dev ice  

o r  t o  t h e  atmosphere. 

In some g r i d  c a s t i n g  opera t ions ,  m e l t i n g  po ts  a re  a t tached d i r e c t l y  t o  t h e  
c a s t i n g  machines. The mol ten l ead  f l ows  f rom the  po ts  d i r e c t l y  i n t o  the  molds, 

where t h e  g r i d s  are formed and then a re  e jec ted ,  trimmed, and stacked. A newer 
type  o f  c a s t i n g  machine produces a cont inuous s t r i p  o f  g r i d s ,  r a t h e r  than 
i n d i v i d u a l  2 - g r i d  panels,  which i s  wound on a r e e l ,  o r  f e d  d i r e c t l y  i n t o  t h e  
pas t i ng  l i ne . " .  

po t  furnace,  f rom which the  mol ten l e a d  i s  e i t h e r  pumped o r  f e d  by g r a v i t y .  

Pumping may cause a i r  t o  be en t ra ined  i n  t h e  molten lead,  r e s u l t i n g  i n  problems 
a t  t h e  mold ing machines. 

machines t h a t  a re  f e d  by g r a v i t y  f l o w .  

some o f  t h e  o t h e r  f a c i l i t i e s  i n  a b a t t e r y  manufactur ing p l a n t .  
manufacturers c o n t r o l  emissions from t h i s  o p e r a t i o n  and o t h e r s  do no t .  

Exhausts f rom t h e  g r i d  c a s t i n g  furnace a re  u s u a l l y  vented t o  t h e  atmosphere t o  

p r o t e c t  workers f rom t h e  l e a d  emissions. The areas around t h e  c a s t i n g  machines 
are g e n e r a l l y  unvented. Tes t ing  o f  a g r i d  c a s t i n g  f a c i l i t y  d u r i n g  t h e  o r i g i n a l  

NSPS development p r o j e c t  i n d i c a t e d  u n c o n t r o l l e d  lead concent ra t ions  rang ing  
from 0.00039 g r /dsc f  t o  0.0026 gr /dscf . "  

A t h i n ,  
narrow s t r i p  o f  l ead  "sheet"  f i r s t  has smal l  s l i t s  punched i n t o  it, and then i s  
expanded i n t o  a cont inuous s t r i p  o f  grids.'O Th is  s t r i p  o f t e n  feeds d i r e c t l y  
i n t o  a p a s t i n g  l i n e .  

Mol ten l ead  a l l o y  i ngo ts  are 

" Some f a c i l i t i e s  feed t h e  c a s t i n g  machines from a c e n t r a l  

Ent ra ined a i r  i s  n o t  a problem w i t h  g r i d  c a s t i n g  

Emissions f rom t h e  g r i d  c a s t i n g  opera t i ons  are lower  than emissions from 

Some 

Another process f o r  g r i d  p roduc t ion  i s  c a l l e d  "expanded metal .I' 
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3.3 PASTE M I X I N G  
The pas te  m ix ing  opera t i on ,  a ba tch - t ype  process, i s  done w i t h  a m u l l e r ,  

From 272 t o  1361 kg (600 t o  3000 l b )  o f  l e a d  ox ide  Day, o r  dough-type mixer .  
i s  added t o  the  mixer;  water  and s u l f u r i c  a c i d  a re  then added, and t h e  m i x t u r e  

i s  blended t o  form a s t i f f  paste.'I Because r e a c t i o n s  o f  t h e  process are  
exothermic, mixers a re  u s u a l l y  water -  j acke ted  and a i r - c o o l e d  t o  p revent  

excessive temperature b u i l d u p  which causes t h e  pas te  t o  become s t i f f  and 
d i f f i c u l t  t o  app ly  t o  the  g r i d s .  

( g e n e r a l l y  a m i x t u r e  o f  bar ium s u l f a t e ,  carbon b lack ,  and o rgan ics )  i s  added t o  
batches o f  pas te  f o r  nega t i ve  p l a t e s . "  Carbon b l a c k  a l s o  p rov ides  c o l o r  
i d e n t i f i c a t i o n  f o r  t h e  nega t i ve  paste.  A duc t  system vents  t h e  mois tu re- laden 

exhaust gases f rom t h e  mixer.  The d u r a t i o n  o f  t h e  m ix ing  c y c l e  depends on the  
type  o f  mixer,  rang ing  f rom 15 minutes t o  an hour." 
p o s i t i v e  and nega t i ve  pastes a re  shown i n  Table 3 -5 .  

Approx imate ly  1 weight  percent  o f  expander 

Typ ica l  fo rmulas  f o r  

TABLE 3-5 .  TYPICAL FORMULAS FOR P O S I T I V E  AND 
NEGATIVE BATTERY PASTES" 

b m  'e  p o s i t i v e  - 
Lead oxide, kg ( l b )  272 (600) 272 (600) 

Dyne1 f i b e r ,  kg ( l b )  0.068 (0.15) 0.068 (0.15) 

Expander, kg ( l b )  None 1.90 (4.2) 

Water, 1 i t e r  ( q u a r t )  23 (25) 26 (28)  

H,SO, (1.375- 1.400 s .g. ) , 
1 i t e r  ( q u a r t )  

25 (26) 21 (22) 
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The major  emiss ions f rom paste m ix ing  occur  d u r i n g  charg ing  o f  t he  d r y  

The emiss ions a re  i n  the  form o f  l e a d  
i n g r e d i e n t s  t o  t h e  m i x e r .  
minutes of a 60-minute m i x i n g  cyc le .  

ox ide ,  w i t h  small  amounts o f  o t h e r  pas te  c o n s t i t u e n t s  such as Dynel, o rgan ics ,  

and carbon b l a c k .  

The h igh-emiss ions  phase i s  about t h e  f i r s t  10 

Source t e s t s  were performed d u r i n g  t h e  o r i g i n a l  NSPS development p r o j e c t  

a t  a f a c i l i t y  where t h e  m ixe r  was vented t o  a baghouse d u r i n g  m a t e r i a l s  

charg ing  and t o  a low energy impingement en t ra inment  scrubber  d u r i n g  mix ing .  
The baghouse a l s o  c o n t r o l l e d  the  p l a t e  s l i t t i n g  opera t ion ,  and t h e  scrubber 
a l s o  c o n t r o l l e d  t h e  g r i d  c a s t i n g  opera t i on .  

i n l e t  d u r i n g  charg ing  showed u n c o n t r o l l e d  l e a d  emiss ions o f  0.050 and 0.015 
g r /dsc f .  
i n d i c a t e d  u n c o n t r o l l e d  l e a d  emissions o f  0.0188 gr /dsc f . ”  

stacked and sent t o  c u r i n g  ovens. 
c o n d i t i o n s  o f  h i g h  humid i t y ,  b u t  o c c a s i o n a l l y  supp ly  o n l y  d r y  heat, depending 

upon t h e  d e s i r e d  p l a t e  c h a r a c t e r i s t i c s .  Grids produced by  cont inuous c a s t i n g  
o r  expanded metal  a re  pas ted  w h i l e  s t i l l  i n  s t r i p  form, and c u t  i n t o  i n d i v i d u a l  

g r i d s  p r i o r  t o  d r y i n g  and cu r ing .  
paper t o  each s i d e  o f  t he  cont inuous wet pas ted  s t r i p s  o f  g r i d s  be fo re  c u t t i n g  

them. 

emissions. 

Two t e s t s  r u n  a t  t he  baghouse 

A s i n g l e  t e s t  t o  determine emissions f rom t h e  s l i t t i n g  process 

The pas te  i s  n e x t  a p p l i e d  t o  the  g r i d s ,  they  a re  f l a s h  d r i e d ,  and then 
These ovens most o f t e n  opera te  under 

Some f a c i l i t i e s  app ly  a l a y e r  o f  t i s s u e  

Th is  t i s s u e  paper he lps  h o l d  t h e  pas te  i n  p lace ,  and decreases 
28 

3.4 THREE-PROCESS OPERATION - STACKING/BURNING/ASSEMBLY 
A f t e r  t h e  p l a t e s  are  cured, t h e y  are no rma l l y  sent t o  the  th ree-process  

opera t ion ,  which i nc ludes  p l a t e  s tack ing ,  burn ing ,  and assembly o f  elements 
i n t o  t h e  b a t t e r y  case. 
s l i t t e r ,  which c u t s  t h e  double p l a t e s  apar t .  Depending upon the  i n d i v i d u a l  

p l a n t ’ s  design, t h e  p l a t e  s l i t t e r  can be considered p a r t  o f  t he  pas te  m ix ing  

f a c i l i t y ,  th ree-process  f a c i l i t y ,  o r  t h e  “o the r  l e a d  e m i t t i n g ”  f a c i l i t y .  A t  
some p l a n t s  t h e  p l a t e s  a re  pa r ted  by hand, a f t e r  which they  are  stacked i n  an 

a l t e r n a t i n g  p o s i t i v e  and nega t i ve  b lock  f o r m a t i o n  w i t h  p l a s t i c  separators 
sandwiched between each p l a t e  t o  i n s u l a t e  t h e  o p p o s i t e l y  charged p l a t e s  w h i l e  

p e r m i t t i n g  f ree  i o n i c  f l o w .  Many p l a n t s  now i n s e r t  t h e  p o s i t i v e  p l a t e s  i n  
envelopes, and then s tack ,  r a t h e r  than us ing  separa tors .  These envelopes a re  

Most p l a n t s  a re  equipped w i t h  an assoc ia ted  p l a t e  
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made of several materials, one of which is PVC. Machines have been designed to 
stack the plates and separators automatically, or envelope and stack, but hand 
stacking is still done at some plants. 
are wrapped in a fiberglass mat before stacking. This mat will absorb the acid 
in the battery, and help minimize spilling or leakage should the unit overturn. 

Leads (pronounced leeds) are welded to the tabs of each positive plate and 
each negative plate, fastening the assembly (element) together. 
positive and a negative terminal are welded to the element. 
burning operation. A more common alternative to the welding or burning process 
is the cast-on-strap process, in which molten lead is poured around and between 
the plate tabs to form the connections and terminals. 
are then assembled into battery cases either before wet formation or after dry 
formation. 
Section 3.5. 

In some instances, the battery plates 

Then a 
This is the 

The completed elements 

The difference between wet and dry formation is explained in 

Most lead emissions are generated during plate stacking and burning or 
casting operations. 
considerable lead emissions. 
striking them against a grated surface. 
airborne. 
protect the health of the workers. 

uncontrolled lead emissions from the three-process operation ranged from 0.0087 
to 0.023 gr/ds~f.'~ These tests indicated total three-process emissions, since 
testing of each process step in the facility was not feasible. 

The post building operation is often included in the three-process 
facility. This is the attachment of the positive and negative terminal posts 
to the outside of the battery case. 
design, this operation can be considered part of either the three-process 
facility, or the "other lead emitting" facility. 
3.5 FORMATION 

Hand1 ing of plates between process steps also generates 
Typically, operators straighten stacks by 

Upon impact, particles of paste become 
Work areas are generally vented to collect these particles and to 

Source tests during the original NSPS development project indicated that 

Depending upon the individual plant's 

During formation, the inactive lead oxide-sulfate paste is chemically 
converted into an active electrode. Formation is essentially an oxidation- 
reduction reaction, in which the lead oxide in the positive plates is oxidized 
to lead peroxide and in the negative plates is reduced to metallic lead. This 
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is accomplished by placing the unformed plates in a dilute (10-25 percent)” 
sulfuric acid solution and connecting the positive plates to the positive pole 
of a direct current (dc) source and the negative plates to the negative pole of 
the dc source. 

During the formation process, hydrogen is released in the form of small 
bubbles, which carry sulfuric acid with them as they break through the surface 
of the solution and enter the atmosphere above the container. 
therefore, is a source of sulfuric acid mist emissions. 

which generally increase with increasing temperature and rate of charge. 
as the process nears the end of the formation cycle, the release of hydrogen 
bubbles increases. Emissions therefore increase with time. 
3.5.1 Wet Formation Process 

The process, 

Charging rate and temperature affect the emissions of sulfuric acid mist, 
Also, 

In the manufacture of lead-acid batteries using the wet (or “jar”) 
formation process, the elements are assembled into the case before forming. It 
is common practice to place the cells in the battery case, place the lid on the 
battery, and add sulfuric acid. 
case. After formation, additional acid is added to completely fill the 
battery, or the spent acid is dumped from the battery and new acid is added. 
Often, the units require an additional boost charge. Then the unit is ready 
for use, requiring only decoration and manufacturer‘s markings. 

hour forming cycle. 
and lower during the remaining 12 hours. 
battery size.” 

controlled or ducted to a stack. Therefore, no data are available on 
quantitative emissions from the wet formation process. 
slow charging rate, the fact that there is a lid or cap on the battery during 
formation, and the absence of a strong acid odor at wet formation processes, 
emissions from the process are believed to be small. 
3.5.2 

The plates are then formed within the battery 

Wet formation generally takes 1 to 4 days. Most plants use a 36- to 48- 

The charging rate is high during the first 24 to 36 hours 
The ampere rates depend on the 

Sulfuric acid mist emissions from wet formation processes are usually not 

However, because of the 

The dry (or “tank”) formation process can be performed in several ways. 
In some cases, the plates are individually formed in tanks of sulfuric acid and 
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then assembled. Most o f ten ,  however, t h e  p l a t e s  are assembled i n t o  elements 
be fo re  fo rmat ion .  
elements i n  l a r g e  tanks o f  s u l f u r i c  a c i d  and making an e l e c t r i c a l  connect ion t o  

form t h e  elements. Some manufacturers p lace  t h e  assembled elements d i r e c t l y  i n  

the  b a t t e r y  case f o r  format ion.  
dump t h e  ac id ,  r i n s e  and d r y  the  cases and elements, and reassemble them. The 
b a t t e r i e s  are shipped dry ,  o r  r e f i l l e d  w i t h  a c i d  a t  t h i s  p o i n t .  Dry fo rma t ion  

t y p i c a l l y  l a s t s  16 hours, w i t h  the  p l a t e s  o r  elements loaded i n t o  tanks d u r i n g  
the  day s h i f t ,  and formed du r ing  t h e  evening and n i g h t  s h i f t s .  Occas iona l l y ,  
f o l l o w i n g  d r y  fo rmat ion ,  t h e  p l a t e s  o r  elements a re  cured i n  d r y  charge ovens 
p r i o r  t o  reassembly.” This process, however, i s  becoming l e s s  p reva len t  

w i t h i n  the  b a t t e r y  i ndus t r y .  

c o n t r o l l e d  by t h e  use o f  m i s t  e l i m i n a t o r s  o r  scrubbers, o r  by some s o r t  o f  

cover over t h e  a c i d  ba th  o r  receptab le .  
agent such as Alkonol  o r  Dupanol. 

development process. The f i r s t  t e s t  d i d  n o t  y i e l d  any v a l i d  r e s u l t s  because 
t h e  process was no t  ope ra t i ng  p r o p e r l y  (one o f  t he  th ree  fo rmat ion  c i r c u i t s  was 
i n o p e r a t i v e ) .  Also,  a c i d  m i s t  emissions f rom t h e  c o n t r o l  dev ice were n o t  

de tec tab le  when EPA Reference Method 8 was used t o  c o l l e c t  emissions over a two 
hour sampling pe r iod .  The second EPA t e s t  showed u n c o n t r o l l e d  a c i d  m i s t  
emissions toward t h e  end o f  t h e  c y c l e  t o  average 66 mg/m’ (0.029 gr /dsc f ,  0.70 

l b / h r ) . ”  
3.6 LEAD OXIDE PRODUCTION 

The completed elements a re  then formed by p l a c i n g  t h e  

Therea f te r ,  they  remove t h e  formed elements, 

When fo rming  b a t t e r i e s  by t h e  d r y  fo rma t ion  process, t h e  a c i d  m i s t  can be 

The cover i s  o f t e n  a sur face foaming 

Two d r y  fo rma t ion  processes were sampled by EPA d u r i n g  t h e  o r i g i n a l  NSPS 

The lead monoxide used in  b a t t e r y  pas te  p roduc t i on  i s  c a l l e d  l ead  ox ide,  
b lack  oxide, o r  b a t t e r y  oxide. The t y p i c a l  l ead  ox ide  con ta ins  approx imate ly  
70 percent  PbO.” The balance i s  f r e e  m e t a l l i c  lead.  Lead ox ide  i s  produced 

e i t h e r  by the  b a l l  m i l l  process o r  Bar ton process. 
Each o f  t h e  l ead  ox ide  manufactur ing processes incorpora tes  a baghouse f o r  

product  recovery,  s ince  t h e  va lue  o f  t h e  product  i s  r e l a t i v e l y  h igh .  

c l o t h  r a t i o s  o f  these f a b r i c  f i l t e r s  g e n e r a l l y  a re  about 3/1, whether t h e  

f i l t e r s  are designed f o r  product  recovery  o r  f o r  emissions c o n t r o l .  As  a 
r e s u l t ,  emissions from the  l ead  ox ide  p roduc t i on  f a c i l i t y  are lower  than 
emissions f rom some o f  t h e  o the r  f a c i l i t i e s  a t  a b a t t e r y  manufactur ing p l a n t .  

A i r - t o -  
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3.6.1 B a l l  M i l l  Proc ess  
I n  t h e  b a l l  m i l l  process, o x i d a t i o n  i s  i n i t i a t e d  by  heat  generated by  

tumb l ing  pure l e a d  p i g s  ( i n g o t s )  i n  a m i l l .  Du r ing  t h e  tumbl ing  a c t i o n  the  

l e a d  ox ide  t h a t  forms on t h e  sur face  o f  t h e  l e a d  p i g s  and f i n e  p a r t i c l e s  o f  

unox id i zed  l e a d  a re  broken o f f ,  fo rming  a f i n e  dus t  t h a t  i s  removed f rom t h e  

m i l l  b y  a c i r c u l a t i n g  a i r  stream. 
hammermill. A i r  f l o w  through the  m i l l ,  t h e  temperature o f  t he  charge, and t h e  

weight  o f  t h e  charge a re  c o n t r o l l e d  t o  produce a s p e c i f i e d  r a t i o  o f  l e a d  ox ide  
t o  f i n e l y  d i v i d e d  m e t a l l i c  lead .  The p roduc t  i s  conveyed by  t o t a l l y  enclosed 
screw conveyors, o r  pneumatic systems, t o  s to rage b i n s .  

e n t r a i n e d  i n  t h e  m i l l  exhaust gases t o  j u s t i f y  gas c l e a n i n g  f o r  p roduc t  

recovery .  
Tests performed d u r i n g  t h e  o r i g i n a l  NSPS development p r o j e c t  y i e l d e d  

average l e a d  emiss ions o f  0.475 g/kg (0.0095 l b / t o n )  o f  l e a d  input . ”  

p l a n t  operated two b a l l  m i l l  p roduc t i on  l i n e s  equipped w i t h  f a b r i c  f i l t e r s ,  one 

w i t h  an a i r - t o - c l o t h  r a t i o  o f  2/1 and t h e  o t h e r  w i t h  a r a t i o  o f  4/1. 

f i l t e r s  were vented t o  a common stack.  
3.6.2 Bar ton  Process 

I n  t h e  Barton process, molten l e a d  i s  f e d  t o  a c i r c u l a r  p o t  and s t i r r e d  

r a p i d l y .  A s e r i e s  o f  b a f f l e s  w i t h i n  the  p o t  atomize t h e  l e a d  i n t o  ex t remely  
small  d r o p l e t s ,  which are then o x i d i z e d  b y  an a i r  stream d i r e c t e d  over t h e  

su r face  o f  t h e  mol ten  lead.  The r e s u l t i n g  l e a d  ox ide  i s  conveyed by  the  a i r  

stream t o  a f a b r i c  f i l t e r  where t h e  produc t  i s  removed. The p a r t i c l e - s i z e  

d i s t r i b u t i o n ,  apparent d e n s i t y ,  and r e a c t i v i t y  o f  t h e  ox ide  are  c o n t r o l l e d  by  

t h e  temperature main ta ined i n  t h e  p o t  and by  t h e  volume and speed o f  t he  a i r  
stream t h a t  c a r r i e s  away t h e  reac ted  produc ts .  
cap tured  i n  a cyc lone p r i o r  t o  the  f a b r i c  f i l t e r  and p u l v e r i z e d  i n  a 
hammermill. 
3.7 LEAD RECLAMATION 

The l a r g e r  f r a c t i o n  i s  ground f u r t h e r  i n  a 

Enough produc t  i s  

F a b r i c  f i l t r a t i o n  i s  a l s o  a p a r t  o f  t h e  process. 

Th is  

The 

The l a r g e r  p a r t i c l e s  a re  

They a re  then conveyed and c o l l e c t e d  by t h e  f a b r i c  f i l t e r .  

Lead rec lamat ion  i s  t h e  process whereby r e l a t i v e l y  c lean  l e a d  scrap i s  
remel ted  and c a s t  i n t o  p i g s  f o r  use i n  t h e  process. The m e l t i n g  i s  g e n e r a l l y  

done i n  a p o t - t y p e  furnace. Scrap, i n  t h e  fo rm o f  small  p a r t s  o r  d e f e c t i v e  
g r i d s ,  i s  charged t o  t h e  furnace. Th is  i s  o f t e n  done s p o r a d i c a l l y ,  o n l y  when 
enough m a t e r i a l  i s  a v a i l a b l e  f o r  charging. Emissions from p o t - t y p e  furnaces 
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tend to be minimal. 
emissions usually are visible only when oily scrap or floor sweepings are 
charged. 
on a lead recovery process show uncontrolled lead emissions averaging 298 g/kg 
(5.9 lb/ton) of scrap input.” Many of the smaller plants have no lead 
reclamation facilities and send out the scrap for reclamation. 

The lead is melted at relatively low temperatures and 

Source tests performed during the original NSPS development project 
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4.0 EMISSION CONTROL TECHNOLOGY 
The lead-acid battery industry applies various particulate controls, 

including baghouses, .low energy wet scrubbers, and more recently, cartridge 
collectors and secondary high efficiency particulate air filters (HEPA). 
Manufacturers often vent a number of processes to the same control device via 
a collection system of ducts and hoods. 
individual plants depend upon plant layout, applicable OSHA regulations, and 
economics of product recovery. 
control technology applicable to facil ities in the lead-acid battery industry. 

The control systems used at 

The following sections describe emission 

4.1 GRID CASTING MACHINES AND FURNACES 
Emissions from grid casting facilities are often uncontrolled, and many 

Some plants have used plants vent this facility directly to the outside air. 
low-energy wet scrubbers to control these exhausts. 
applications o f  fabric filters on this.faci1ity.l.' 
4.1.1 Scrubbers 

Clone," is a common device for controlling grid casting emissions. 
units are relatively small, with moderate power requirements (1245 Pa or 5 in. 
W.G. pressure drop) and low water requirements (makeup water typically less 
than 0.134 l/m' 
about 2.6 l/m' 
generally about 90 percent.' 

typically accommodate up to 1415 m'/min (50,000 acfm) with a liquid to gas 
ratio as low as 0.4 l/m' 

Frequently, grid casting machines and furnaces are vented along with 
other operations, such as small parts casting and lead reclamation, to a 
single low-energy scrubber. ~ 

There are also some 

An impingement and entrainment scrubber, such as the type N Roto- 
These 

or 1 ga1./1000 acf). The liquid-to-gas ratio is typically 
(20 ga1./1000 acf) of exhaust. Collection efficiency is 

Multiwash centrifugal or cascade scrubbers are also used. These units 

(3 ga1./1000 acf).' 
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4.1.2 Fabr i c  F i l t e r s  
Dur ing  t h e  o r i g i n a l  NSPS development p r o j e c t ,  t h e r e  were no known 

a p p l i c a t i o n s  o f  f a b r i c  f i l t e r s  on t h i s  f a c i l i t y ,  p r i m a r i l y  due t o  t h e  

a n t i c i p a t i o n  o f  bag b l i n d i n g  and f i r e  hazards caused by hydrocarbons and mold 

re lease  agents. 
f a b r i c s ,  and b e t t e r  hygiene p rac t i ces ,  t h e  inc idence o f  f i r e s  has decreased. 

Therefore,  f a b r i c  f i l t e r s  a re  now be ing  used t o  c o n t r o l  g r i d  c a s t i n g  emissions 

i n  some cases (most o f t e n ,  t h i s  baghouse i s  c o n t r o l l i n g  o t h e r  f a c i l i t i e s  a t  

t h e  p l a n t  as we11).''6's 

b l i n d i n g  due t o  hydrocarbon b ~ i l d - u p . ' . ~  Th is  i s  be l i eved  t o  be due t o  the  

incomplete combustion o f  f u e l  f o r  t he  me l t  pots ,  and t h e  open f lame i n  t h e  
l a d l e  area o f  t he  c a s t i n g   machine^.'.^ Some proposed s o l u t i o n s  t o  t h i s  problem 

inc lude  t h e  use o f  Goretex"' bags w i t h  a l i m e  precoat ,  and h ighe r  baghouse 

opera t i ng  temperatures.  

4.2 PASTE M I X E R  

Due t o  t h e  increased use o f  spark a r r e s t e r s ,  b e t t e r  bag 

A t  l e a s t  one f a c i l i t y  i s  s t i l l  hav ing some d i f f i c u l t i e s  w i t h  bag 

3 

Both baghouses and scrubbers a r e  used t o  c o n t r o l  pas te  m ix ing  emissions. 
Some p l a n t s  vent  t h e  mixer  t o  a baghouse d u r i n g  the  m a t e r i a l  charg ing  phase 
and then t o  a wet c o l l e c t o r  du r ing  t h e  f i n a l  "wet" mix ing  and a p p l i c a t i o n  

phase. 

c o n t r o l l e d  by t h e  same devices.  
prevents  p o s s i b l e  b l i n d i n g  o f  the bags by t h e  mois t  exhaust. 

stream i s  t r a n s f e r r e d  f rom one c o n t r o l  d e v i c e  t o  the  o the r  v i a  an 

a u t o m a t i c a l l y  operated damper l oca ted  a t  t he  mixer  hood. 
p a s t i n g  1 ines (where t h e  pas te  i s  app l i ed  t o  the  g r i d s )  are g e n e r a l l y  

c o n t r o l l e d  by one o f  t h e  mixer  c o n t r o l  dev ices .  
4.2.1 Scrubbers 

T y p i c a l l y  when two c o n t r o l  dev ices a re  used, o t h e r  o p e r a t i o n s  a re  

Use o f  a scrubber d u r i n g  t h e  wet mix ing  c y c l e  

The exhaust 

Emissions from the  

An impingement ent ra inment  scrubber such as t h e  Type N Roto-Clonem i s  

f r e q u e n t l y  used t o  c o n t r o l  m ix ing  opera t ions .  
smal l ,  ( i n  t h e  range o f  30 t o  300 m3/min'[1,000 t o  10,000 acfm]) w i t h  a 

pressure drop o f  approx imate ly  1245 Pa (5 i n .  W.G.). 

g e n e r a l l y  l e s s  than 0.134 l /ml (1 ga l  ./lo00 a c f )  and 1 i q u i d - t o - g a s  r a t i o s  
g e n e r a l l y  are about 2.6 l / m 3  (20 ga1./1000 a c f )  o f  exhaust." Most o f  t h e  

These u n i t s  are r e l a t i v e l y  

Makeup water i s  
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water l o s s  i s  due t o  evaporat ion;  about 20 percent  r e s u l t s  f rom r e c i r c u l a t i o n  
tank blowdown. C o l l e c t i o n  e f f i c i e n c y  i s  approx imate ly  90 percent.! '  

4 . 2 . 2  Fabr ic  F i l t e r s  
Fabr i c  f i l t e r s  w i t h  a i r - t o - c l o t h  r a t i o s  rang ing  f rom 4/1 t o  8/1 are used 

t o  c o n t r o l  p a r t i c u l a t e  and l e a d  emissions f rom the  charg ing phase o f  paste 

mix ing .  
sateen, dacron, wool, o r  Goretex.R Pressure drops across t h e  bags are 249 t o  

1494 Pa ( 1  t o  6 inches W.G.)." 
I n  some cases, f a b r i c  f i l t e r s  a re  used t o  c o n t r o l  emissions from the  

e n t i r e  mix ing  cycle."~15 However, p reven t ing  condensat ion o f  mo is tu re  
i n  the  f a b r i c  f i l t e r s  u s u a l l y  i nvo l ves  i n s u l a t i o n  o f  t h e  baghouse and a l l  
ductwork l ead ing  t o  it, and o f t e n  r e q u i r e s  t h e  i n s t a l l a t i o n  o f  a s m a l l  
a u x i l i a r y  heater  t o  keep t h e  gas temperature above i t s  dew p o i n t .  

a u x i l  i a r y  heat i s  sometimes needed only d u r i n g  s t a r t u p  o r  shutdown o f  t h e  

f a c i l i t y .  To p rov ide  a margin o f  sa fe ty ,  i t  i s  recommended t h a t  t h e  gas 
temperature be mainta ined 50-75'F above i t s  dew p o i n t . "  
mainta ined baghouse c o n t r o l 1  i n g  t h i s  process can reduce l e a d  emissions by a t  
l e a s t  98 percent . "  

The bags are t y p i c a l l y  made f rom o r l o n  f e l t ,  p o l y e s t e r ,  co t ton  

This  

A p r o p e r l y  

4 . 3  THREE-PROCESS OPERATION (STACKING, BURNING AND ASSEMBLY) 
Lead-acid b a t t e r y  p l a n t s  use f a b r i c  f i l t e r s  o r  scrubbers t o  c o n t r o l  t h e  

three-process opera t ion .  
operat ions i n t o  a common duc t  p r i o r  t o  c lean ing  t h e  gases. 

exhausts from the  three-process opera t i on  and var ious  o t h e r  f a c i l  i t i e s  w i t h  a 

common system. 
4 . 3 . 1  Fabr ic  F i l t e r s  

o r  p u l s e - j e t  f a b r i c  f i l t e r s  hav ing a i r - t o - c l o t h  r a t i o s  o f  6/1  t o  7/1 t o  

c o n t r o l  three-process emissions. The l e a d  removal e f f i c i e n c i e s  are g rea te r  
than 9 7  percent . "  Hood des ign i s  very  impor tant  because o f  t h e  l a r g e  number 
o f  emission p o i n t s  (s tack ing ,  burn ing,  and assembly u s u a l l y  a re  performed a t  
several  s t a t i o n s ) .  

4 . 3 . 2  Scrubbers 

emissions. 

Most p la r l t s  vent  t h e  s tack ing ,  burn ing,  and assembly 
Other p l a n t s  c lean 

Based on p l a n t s  surveyed by EPA, t h e  i n d u s t r y  t y p i c a l l y  uses shaker- type 

Impingement type scrubbers are sometimes used t o  c o n t r o l  three-process 
These scrubbers t y p i c a l l y  opera te  w i t h  a p ressure  drop o f  
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approximately 1245 Pa (5 inches W . G . )  with lead collection efficiencies 
ranging about 90 percent." Makeup water requirements for this type of 
scrubber are usually less than 0.134 l/m ' (1 ga1./1000 acf) at a liquid-to- 
gas ratio of 2.6 l/d (20 ga1./1000 acf) of exhaust." 
4.4 LEAD OXIDE PRODUCTION 

Lead oxide in the form of fine particulate matter is manufactured in a 
ball mill or a Barton pot. Most lead oxide facilities of both types use 
mechanical collectors followed by a baghouse to capture the lead oxide 
production after it leaves the ball mill or Barton pot. 
is separated in a settling chamber or cyclone, and the baghouse serves to 
increase the product collection efficiency. The baghouse is considered as 
both process equipment and air pollution control equipment: 
economic reasons, wet collection devices are not used. 
baghouses for collection of lead oxide range from 2/1 to 4/1.!' 

conducted only at a well controlled ball mill system. At that time, it was 
determined that a well controlled Barton system could achieve a similar 
emissions level (as the air flow rates per unit production rate are 
similar) . l e  Since then, several Barton systems have indeed demonstrated 
compliance with the NSPS, as will be shown in Chapter 5. 
4.5 LEAD RECLAMATION 

Most o f  the product 

Therefore, for 
Air-to-cloth ratios of 

During the original NSPS development project, emissions tests were 

The exhaust gas stream from the lead reclamation process is similar to 
the grid casting and small parts casting exhaust gases in that both are 
characterized by high temperatures and lead fumes. 
are similar in character it is not uncommon to vent these processes to a 
common control device. 
4.5.1 Scrubbe r s  

scrubbers. Low-energy multistage or impingement-entrainment type wet 
collectors are used most frequently, with pressure drops less than 2 kPa (8 
inches W . G . )  and liquid-to-gas ratios of 0.4 to 0.7 l/m' (3 to 5 ga1./1000 
acf)." Lead collection efficiencies have been shown to be above 98 percent.*' 

Since these gas streams 

Lead reclamation facilities are generally controlled with low-energy wet 
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4 . 5 . 2  Fabr ic  F i l t e r s  

f a b r i c  f i l t e r s  on t h i s  f a c i l i t y  d u r i n g  t h e  o r i g i n a l  NSPS development p r o j e c t .  

Once again the  reason being a n t i c i p a t e d  bag b l i n d i n g  and f i r e  hazards due t o  

hydrocarbons and mold re lease  agents conta ined w i t h  the  scrap. 
discussed e a r l i e r ,  t h e  use o f  spark a r r e s t e r s ,  b e t t e r  bag f a b r i c s ,  and b e t t e r  

hygiene p r a c t i c e s  have reduced t h e  inc idence o f  f i r e s .  
f i l t e r s  are now be ing  used t o  c o n t r o l  l e a d  rec lamat ion  emissions i n  some cases 

(most o f ten ,  t h i s  baghouse i s  c o n t r o l l i n g  o the r  f a c i l i t i e s  a t  t he  p l a n t  as 
we1 1 ) .**~" 
percent i s  achievable f o r  these f a c i l i t i e s  us ing  f a b r i c  f i l t e r s  w i t h  a i r - t o -  
c l o t h  r a t i o s  between 3/1 and 6/1.25 

4.6 FORMATION 

As was t h e  case f o r  g r i d  cas t i ng ,  t h e r e  were no known a p p l i c a t i o n s  o f  

As was 

Therefore,  f a b r i c  

It i s  es t imated  t h a t  a c o l l e c t i o n  e f f i c i e n c y  i n  excess o f  98 

A s  exp la ined i n  Chapter 3, f o rma t ion  processes a re  d i v i d e d  i n t o  two 
categor ies,  those which form i n  the  b a t t e r y  case and those which form i n  open 
tanks ( a  p r a c t i c e  which i s  decreasing w i t h i n  the  i n d u s t r y ) .  Format ion 

processes do no t  emi t  lead,  b u t  are a source o f  s u l f u r i c  a c i d  m i s t .  
p l a t e s  formed i n s i d e  t h e  b a t t e r y  case a re  formed s low ly  (1  t o  4 days)., and 
those formed i n  open tanks are formed more r a p i d l y  ( u s u a l l y  16 hours) .  The 

type o f  emissions c o n t r o l  f o r  these processes depends on whether o r  no t  t he  

fo rmat ion  area i s  enclosed. 

B a t t e r y  

Very l i t t l e  da ta  on emissions f rom fo rmat ion  processes a re  a v a i l a b l e  

from any source. 
processes which appear t o  generate much h ighe r  emissions a re  those which form 

the p l a t e s  i n  open vats."  
companies which form t h e  b a t t e r y  p l a t e s  i n s i d e  the  assembled b a t t e r y  have no 

ductwork t o  remove emissions f rom t h e  work area. P lan ts  which do duc t  t he  
emissions from t h e  work area ( those which form i n  an open v a t )  have a more 

acute emission problem. These p l a n t s  t y p i c a l l y  use e i t h e r  foam, scrubbers, 

m i s t  e l im ina to rs ,  o r  combinat ions o f  these c o n t r o l  techniques t o  min imize 
emissions t o  t h e  p roduc t i on  area and t h e  ou ts ide  a i r .  
c o n t r o l  p r a c t i c e s  used f o r  fo rmat ion  processes. 

However, based on observa t ions  d u r i n g  p l a n t  inspec t ions ,  t h e  

This i s  a l so  evidenced by t h e  f a c t  t h a t  most 

Fo l l ow ing  a re  emission 
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4 . 6 . 1 .  Good Work P r a c t i c e  

t h e  b a t t e r y  i s  formed a f t e r  complete assembly, t h e  opera tor  should form t h e  
b a t t e r i e s  s low ly  and keep every b a t t e r y  f i l l e r  cap on t he  b a t t e r y  a t  a l l  t imes 

d u r i n g  the  fo rma t ion  per iod. '6 This  min imizes emissions t o  t h e  work area, and 

hence t o  t h e  atmosphere. 
of f  d u r i n g  the  assembly process and do no t  i n s t a l l  t he  top  u n t i l  a f t e r  

format ion i s  complete. Dur ing format ion,  a dummy, reusable cover  i s  p laced on 
t op  o f  t he  b a t t e r i e s  be ing  formed. Th is  he lps  t o  reduce emissions s ince  much 
of t h e  s u l f u r i c  a c i d  m i s t  impinges on the  s lave  cover and condenses back i n t o  

t h e  ba t te ry . "  
4.6.2 Water So ravs  

Many p l a n t s  which form i n  t h e  b a t t e r y  case (wet fo rma t ion )  spray t h e  
b a t t e r i e s  w i t h  water  d u r i n g  t h e  fo rmat ion  process. 

s u l f u r i c  a c i d  m i s t  b u t  i s  p r i m a r i l y  used t o  keep the temperature o f  t h e  
b a t t e r i e s  lower  than i t  would normal ly  be s ince  s u l f u r i c  a c i d  m i s t  emissions 

inc rease p r o p o r t i o n a l l y  w i t h  a c i d  temperature d u r i n g  fo rmat ion .  
4.6.3 Foam Covers 

Some companies which form the  b a t t e r i e s  in open tanks ( d r y  fo rmat ion)  
cover  t h e  tanks w i t h  a l a y e r  o f  foam. 

a c i d  m i s t  by c o l l e c t i n g  t h e  m i s t  p h r t i c l e s  f rom the  sur face  o f  t he  s u l f u r i c  
a c i d  s o l u t i o n  be fo re  they  can escape i n t o  t h e  fo rmat ion  room. Three fo rmat ion  
processes us ing  foam were surveyed by EPA d u r i n g  the  o r i g i n a l  NSPS deveiopment 

p r o j e c t .  
t he  c h a r a c t e r i s t i c  a c i d  odor i n  t h e  forming room suggested a decrease i n  ac id  
m i s t  emissions when foam i s  used." 

4.6.4 Scrubbers 
The scrubbers used t o  c o n t r o l  f o rma t ion  emissions are t y p i c a l l y  low 

energy type  scrubbers, such as the  H e i l "  fume washer ( a  scrubber and m i s t  
e l i m i n a t o r ) ,  and severa l  non-commercial des igns.  P lan ts  which use scrubbers 

e i t h e r  enclose t h e  fo rma t ion  tanks and duc t  t h e  emissions t o  t h e  scrubber, o r  

t hey  form the  b a t t e r y  i n  a room which can be c losed o f f .  The emissions i n  the  

room are then ducted t o  t h e  scrubber." 

When t h e  fo rma t ion  area i s  no t  vented t o  a c o n t r o l  dev ice,  such as when 

Some f a c i l i t i e s  l eave  t h e  t o p  o f  t h e  b a t t e r y  case 

The spray may absorb some 

26 

The foaming agent c o n t r o l s  s u l f u r i c  

Sub jec t i ve  measurements o f  t he  m i s t  c loud above fo rming  tanks and 
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4 . 6 . 5  M i s t s  

fo rmat ion  emissions. 

scrubber. 
a fan separator  f o l l owed  by a packed tower .  

washed o r  f l ushed  on a schedule rang ing  f rom once per  day t o  two o r  t h r e e  

t imes per  s h i f t . "  
4 . 7  CENTRAL VACUUM SYSTEMS 

Some companies use m i s t  e l i m i n a t o r s  r a t h e r  than scrubbers t o  c o n t r o l  
A popu lar  brand used by t h i s  i n d u s t r y  i s  t h e  Tr i -Mer"  

This  m i s t  e l i m i n a t o r  catches t h e  m i s t  p a r t i c l e s  as they  go through 
The pack ing i s  then p e r i o d i c a l l y  

Many l e a d - a c i d  b a t t e r y  manufactur ing p l a n t s  use c e n t r a l  vacuum systems 
f o r  general  housekeeping p r a c t i c e s .  
determined as sub jec t  t o  t h e  NSPS as an " o t h e r  l ead  e m i t t i n g "  

Based on p l a n t s  surveyed by EPA, t h e  i n d u s t r y  t y p i c a l l y  uses f a b r i c  f i l t e r s  t o  

c o n t r o l  exhaust emissions f rom these vacuum systems. The f a b r i c  f i l t e r s  
encountered were g e n e r a l l y  p u l s e - j e t  o r  reverse  a i r  u n i t s ,  w i t h  a i r - t o - c l o t h  
r a t i o s  o f  approx imate ly  4/1 t o  7/1.29.3' 
4 . 8  NEW CONTROL TECHNIQUES 

an accepted method f o r  c o n t r o l l i n g  emissions from g r i d  c a s t i n g  and lead  
rec lamat ion.  Also,  t he re  have been two-new lead  c o n t r o l  techniques app l i ed  t o  
var ious  f a c i l i t i e s  i n  t h e  l e a d - a c i d  b a t t e r y  manufactur ing process. These are 
the  use o f  c a r t r i d g e  dus t  c o l l e c t o r s  as pr imary  c o n t r o l  devices,  and the  use 

o f  HEPA f i l t e r s  f o r  secondary c o l l e c t i o n .  

4 . 8 . 1  Car t r i dqe  C o l l e c t o r s  

p lea ted  c e l l u l o s e  c a r t r i d g e s  r a t h e r  than bags, a l l o w i n g  more f i l t e r  sur face  
area per  t o t a l  volume o f  t he  c o l l e c t o r .  These p u l s e - j e t  u n i t s  have an a i r - t o -  

f i l t e r  sur face  r a t i o  o f  approx imate ly  1.5/1, and operate a t  a pressure drop 
between 1 and 2 inches W.G." Due t o  ve ry  f i n e  pore s ize ,  c a r t r i d g e  
f i l t r a t i o n  media w i l l  remove p a r t i c l e s  as smal l  as one micron." Another 
advantage o f  these u n i t s  i s  ease and s a f e t y  o f  maintenance; t h e  c a r t r i d g e s  can 
be changed q u i c k l y  w i thou t  en te r ing ,  o r  even lean ing  i n t o ,  t h e  c o l l e c t o r .  

There i s  s t i l l  some ques t ion  over the  successfu l  a p p l i c a t i o n  o f  these systems 
t o  mo is t  exhausts. 
c o l l e c t o r  c o n t r o l l i n g  t h e  e n t i r e  pas te  m ix ing  cyc le ,  i n c l u d i n g  the  wet 

These u n i t s  have, i n  severa l  cases, been 

Since t h e  o r i g i n a l  NSPS development p r o j e c t ,  f a b r i c  f i l t e r s  have become 

Car t r i dge  c o l l e c t o r s  a re  s i m i l a r  t o  baghouses, bu t  they  have r i g i d ,  

However, t he re  have been repo r ted  cases of a c a r t r i d g e  
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port ion. ".I5 Also, at least one firm manufactures a filter cartridge that is 
reported to be applicable for filtering particulate in moist streams." 
4.8.2 Hiah Eff iciencv Particulate Air Filters 

primarily as a secondary control device following a fabric filter or cartridge 
col 1 ector.3'"9 Use of a HEPA filter makes it possible to recirculate the 
exhaust to the plant; recirculation helps reduce make-up air costs, as well as 
heating costs during colder weather. 
recirculation systems, and this requirement is currently the primary reason 
for use o f  such units." 

enclosed in a rigid casing the full depth of the pleats.'' 
efficiency is a minimum of 99.97 percent for 0.3 um particles, and a clean 
unit has a maximum pressure drop of 0.25 kPa (1.0 in. W . G . ) . " . "  Large 
airflows are controlled by banks of several filters. The filters are 
generally replaced when the pressure drop reaches 0.5 kPa (2.0 in. W . G . ) . "  

Used filters must be disposed of as a hazardous waste material.'* 

High efficiency particulate air filters (HEPA filters) are used 

OSHA requires HEPA filters for 

The HEPA filter is constructed of an extended-pleated dry filter medium, 
The collection 
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5.0 COMPLIANCE STATUS 

5.1 AFFECTED FACILITIES 
Thirty-one plants have been identified as having facilities subject to 

the new source performance standards (NSPS) for lead-acid battery manufacture. 
Table 5-1 lists these plants. 
plants reported as subject to the NSPS. 
was obtained from EPA's Stationary Source Compliance Division (SSCD), Regional 
and State agencies, and responses to several Section 114 Information Requests. 
5.2 EMISSIONS DATA 

Emissions data were received from 30 of the 31 
Information concerning these plants 

Emissions testing is required to demonstrate compliance with the NSPS 
emission 1 imits, which are summarized as follows: 

~ is i o  1 '  't 0 ci 

Grid casting 0.40 mg/dscm (0.000176 gr/dscf) 0% 
Paste mixing 1.00 mg/dscm (0.00044 gr/dscf) 0% 
Three-process operation 1.00 mg/dscm (0.00044 gr/dscf) 0% 
Lead reclamation 4.50 mg/dscm (0.00198 gr/dscf) 5% 
Other lead emitting 

operations 1.00 mg/dscm (0.00044 gr/dscf) 0% 

Lead oxide production 5.0 mg/kg (0.010 lb/ton)* 0% 

~~ ~~ 

* The emission limit for lead oxide production is expressed in 
terms of lead emissions per kilogram of lead processed. 

The lead mass emissions are determined using EPA Reference Method 12, and 
opacity is determined using EPA Reference Method 9. 
data collected during this review are presented and discussed in the following 
sections. 

The compliance emissions 
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TABLE 5-1 

LEAD -ACID BA TTERY PL ANTS WITH SUBJE CT FACILITIES* 

B a t t e r y  B u i l d e r s ,  Incorpora ted  

C&D Power Systems, Incorpora ted  

- N a p e r v i l l e ,  I L  

- Conyers, GA 
- Hugeunot, NY 
- Leola, PA 
- Conshohocken, PA ( r e c e n t l y  c l o s e d )  

Doug1 as B a t t e r y  Manufactur ing Company 
- Winston-Salem, NC 

E a s t  Penn Manufactur ing Company 
- Lyon S t a t i o n ,  PA 

Exide Corpo ra t i on  
- Ci ty  o f  I ndus t r y ,  CA 
- V i s a l i a ,  CA 
- Logansport, I N  
- B u r l i n g t o n ,  I A  
- Manchester, I A  
- Sa l ina ,  KS 
- Al lentown, PA 
- Muhlenberg/Laureldale, PA 
- Greer, SC 
- Sumter, SC 

- Warrensburg, MO 

- F o r t  Smith, AR 
- Columbus, GA 
- Zanesv i l l e ,  OH ( r e c e n t l y  c l o s e d )  

- Middletown, DE 
- Tampa, FL 
- S t .  Joseph, MO 
- Winston-Salem, NC 
- Hol land, OH 
- Milwaukee, W I  

- Santa Fe Spr ings, CA 
- . L i t h o n i a ,  GA 

Gates Energy Products, I nco rpo ra ted  

GNB Inco rpo ra ted  

Johnson Con t ro l s ,  I nco rpo ra ted  

T ro jan  B a t t e r y  Company 
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TABLE 5-1, CON’T. 

LEAD-ACI[) BATTERY PLANTS WITH SUBJECT FACILITIES* 

U . S .  B a t t e r y  Manufacturing Company 

West Kentucky Bat te ry ,  Incorporated 

- Evans, GA 

- Benton, KY 

*Note: References l i s t e d  i n  Section 5 .3  
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5.2.1 G r i d  C a s t i n g  

Th is  i n f o r m a t i o n  i s  shown i n  F igure  5-1. 
Emissions da ta  f o r  g r i d  c a s t i n g  f a c i l i t i e s  were rece ived  f rom 14 p l a n t s .  

Data f rom P lan t  B inc ludes  the  c a s t i n g  fume exhaust system vent and t h e  

general  c a s t i n g  area vent .  
Opac i ty  da ta  were n o t  inc luded w i t h  t h e  t e s t  r e p o r t s .  

c a s t - o n - s t r a p  f a c i l i t y ,  which has, i n  t h i s  case, been i n t e r p r e t e d  as a c a s t i n g  

f a c i l i t y  r a t h e r  than t h e  usual  d e f i n i t i o n  as p a r t  o f  t h e  three-process 

opera t i on  ( t h e  emissions would a l so  be below t h e  l i m i t  f o r  three-process 

f a c i l i t i e s ) .  
and a c a r t r i d g e  c o l l e c t o r  i s  used t o  c o n t r o l  t h e  emissions from t h e  cas t -on-  

s t r a p  f a c i l i t y .  

0 percent  opac i t y .  These t e s t s  inc lude t h e  combined exhaust o f  f o u r  carousel  
cas ters ,  a general  c a s t i n g  area vent,  an annea l ing  oven, a f i f t h  carousel  
cas te r ,  and a smal l  p a r t s  d i e  cas te r .  A l l  o f  these u n i t s  had emissions below 
t h e  a l l owab le  1 i m i t .  

Both o f  these exhaust streams a re  uncon t ro l l ed .  

P l a n t  C inc ludes  emissions da ta  f rom t h e  g r i d  c a s t i n g  area vent  and a 

Emissions f rom t h e  c a s t i n g  area are c o n t r o l l e d  by a baghouse, 

Opac i ty  da ta  were not i nc luded  w i t h  the  t e s t  r e p o r t s .  

The f i v e  c a s t i n g  f a c i l i t i e s  t e s t e d  a t  P l a n t  E a re  a l l  uncon t ro l l ed ,  w i t h  

The da ta  f o r  P l a n t  I are  f o r  t h e  exhaust f rom t h e  e n t i r e  c a s t i n g  

opera t ion .  

however, t h e  a l lowab le  l i m i t  s ta ted  i n  t h e  t e s t  r e p o r t  i s  i n c o r r e c t ,  making 

t h e  f a c i l i t y  appear below t h e  NSPS l i m i t .  
c u r r e n t l y  t a k i n g  ac t i ons  t o  c o r r e c t  t h i s  p e r m i t t i n g  e r r o r .  The o p a c i t y  f o r  
t h i s  f a c i l i t y  was measured a t  0 percent .  

general  c a s t i n g  area vent.  

l e v e l  o f  t he  standard.  The second, l a t e r  t e s t  shows the  emissions are now 
below a l l owab le  l i m i t s .  
r e p o r t s .  

and smal l  p a r t s  c a s t i n g  opera t ions .  
baghouse, and t h e  o p a c i t y  was measured a t  0 percent.  

These average u n c o n t r o l l e d  emissions are above t h e  standard;  

The l o c a l  enforcement agency i s  

The two t e s t s  presented f o r  P l a n t  K a r e  bo th  f o r  t h e  same u n c o n t r o l l e d  

The f i r s t  t e s t  shows the  emissions are above the  

There were no o p a c i t y  da ta  inc luded w i t h  these 

The da ta  f o r  P l a n t  N a r e  f o r  t h e  combined exhaust f rom the  g r i d  c a s t i n g  
Th is  exhaust stream i s  c o n t r o l l e d  by a 
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The first nine tests presented for Plant S are for the following 
facilities: 

Casting Machine #1 - Uncontroll ed 
Casting Machine # 2  - Uncontroll ed 

' Casting Machine #3 - Uncontrolled 
Casting Machine #4 - HEPA Filter 

' Casting Machine #5 - Uncontrolled 
O Antimony/lead Melt Pot - Uncontrolled 
' Calcium/lead Melt Pot - Uncontrolled 

Industrial Casting - Uncontroll ed 
Casting Machine #6 - HEPA Filter 

Although several of these units have emissions above the allowable NSPS, the 
local enforcement agency for this plant interpreted the regulation such that 
compliance with the grid casting standard is determined by taking a weighted 
average of the emissions from all grid casting related operations at the 
plant, 
limit. Test information was also received for further modifications to some 
of the facilities noted above (these tests are marked "later Mod." on Figure 
5-1). 
lead pot within the allowable limits), and the controls were removed from 
Casting Machine #6, causing its emissions to rise slightly above the NSPS 
limit. Opacity data were included with five of these test reports, and all 
were 0 percent. 

vents. 
were included with the emissions information. 

one for antimony/lead and one for calcium/lead. 
included. 

This average (denoted on Figure 5-1 by "Ave.") is below the allowable 

HEPA filters were added to both lead melt pots (bringing the antimony/ 

The data from Plant T and Plant V are both for general grid casting area 
These facilities are each controlled by a baghouse. No opacity data 

The two facilities at Plant W are both uncontrolled lead melt furnaces; 
Opacity data were not 

The first five tests presented for Plant Aa are all for grid casting 
machines. The first four tests are for single units (#1-#4) with uncontrolled 
exhaust streams, and the fifth test is for two units (#5, #6) with the exhaust 
stream combined and controlled by a wet scrubber. All o f  these tests included 
opacity readings of 0 percent. Although several of these units have emissions 
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above t h e  NSPS a l lowab le ,  t he  l o c a l  enforcement agency f o r  t h i s  p l a n t  
i n t e r p r e t e d  t h e  r e g u l a t i o n  such t h a t  compliance w i t h  t h e  g r i d  c a s t i n g  standard 
i s  determined by t a k i n g  a weighted average o f  t h e  emissions f rom a l l  t he  g r i d  

cas t i ng  machines. This  average (denoted on F igure  5-1  by "Ave.") i s  below the  

a l lowab le  l i m i t .  Test i n fo rma t ion  was a l s o  rece ived f o r  severa l  e a r l i e r  t e s t s  

on machine #5 i n d i v i d u a l l y  and one f o r  t h e  combined ( # 5 ,  #6) exhaust stream. 
(These t e s t s  are marked " E a r l i e r  Tests" on F igure  5 -1 ) .  The f i r s t  t h ree  o f  

these e a r l i e r  r e p o r t s  f o r  machine # 5  show emissions above t h e  NSPS l i m i t ,  w i t h  

the  s i n g l e  u n i t  a t  t h a t  t ime be ing  uncon t ro l l ed ;  t he  f o r t h  t e s t  r e f l e c t s  t h e  
a d d i t i o n  o f  a wet scrubber r e s u l t i n g  i n  emissions below a l lowab le .  The l a s t  

o f  t he  e a r l i e r  t e s t s  i s  f o r  t he  a d d i t i o n  o f  t h e  exhaust f rom machine #6 t o  t h e  
wet scrubber c o n t r o l l i n g  machine # 5 ,  and i t  exceeds t h e  s tandard.  The l a t e r  

emissions t e s t  f o r  t h i s  u n i t  combined (which was used t o  compute t h e  weighted 
average) shows t h a t  subsequent m o d i f i c a t i o n s  were made t o  b r i n g  t h e  u n i t s  

emissions below the  a l lowab le  l i m i t .  

Cast ing Machine #1 - Uncontro l  1 ed 
Cast ing Machine #2  - Uncon t ro l l  ed 

' Cast ing Machine #4 - Uncon t ro l l ed  
Cast ing Machine #3 - U n c o n t r o l l e d  

Cast ing Machine #6 - Uncon t ro l l ed  

Cast ing Machines #5 & 7 - Wet scrubber 
Post Pour ing S t a t i o n  - Uncon t ro l l ed  
Cast ing Machine #7 - Uncon t ro l l  ed 

Cast ing Machine #8 - Uncon t ro l l ed  
' Cast ing Machine #10 - Uncon t ro l l  ed 
The emissions a re  a l l  below t h e  NSPS a l lowab le  l i m i t s .  Post pour ing  i s  

normal ly  n o t  inc luded i n  t h e  g r i d  c a s t i n g  f a c i l i t y ;  t h i s  u n i t  was l a t e r  r e -  

pe rm i t ted  as an "o the r  lead e m i t t i n g "  f a c i l i t y .  
inc luded f o r  c a s t i n g  machines #7,  #8, and #lo ,  and were a l l  a t  0 percent .  

The da ta  f o r  P lan t  Dd i s  f rom one u n c o n t r o l l e d  g r i d  c a s t i n g  machine 

( a c t u a l l y  3 s i n g l e  u n i t s ,  t oge the r  c a l l e d  a "bank" ) .  
above the  NSPS, bu t  t h e  u n i t  has r e c e n t l y  been re tes ted ,  and i s  now repor ted  
t o  be i n  compliance. 

The da ta  presented f o r  P lan t  Cc a re  f o r  t h e  f o l l o w i n g  f a c i l i t i e s :  

' 

Opaci ty  readings were 

The emissions shown are 

No o p a c i t y  readings were inc luded w i t h  the  t e s t  r e p o r t .  
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The d a t a  rece ived  f o r  P l a n t  Ee i s  a l s o  f o r  one u n c o n t r o l l e d  g r i d  c a s t i n g  

u n i t .  In t h i s  case, t h e  emissions are  below a l l owab le  l i m i t s .  Once again, no 

o p a c i t y  d a t a  were inc luded.  

these were i n  compliance w i t h  the  NSPS. 
uncon t ro l l ed ,  4 c o n t r o l l e d  by  baghouses, 3 by  wet scrubbers, 2 by  p r imary  HEPA 

f i l t e r s ,  2 w i t h  p r e f i l t e r s  and HEPA f i l t e r s ,  and 1 by  a c a r t r i d g e  c o l l e c t o r .  

Of t he  14 t e s t s  n o t  i n  compliance, 13 u n i t s  were u n c o n t r o l l e d ,  and 1 was 

c o n t r o l l e d  by a wet scrubber. Eleven o f  t h e  f a c i l i t i e s  w i t h  emissions above 
t h e  a l l owab le  were i nc luded  i n  weighted average de te rm ina t ions  o f  compl iance. 
O f  t h e  remain ing th ree ,  two have been brought  i n t o  compliance, and one i s  
be ing  pursued by  t h e  l o c a l  enforcement agency. 
5.2.2 pas te  M i x i n 3  

Emissions d a t a  f o r  pas te  mix ing  f a c i l i t i e s  were rece ived  f rom 14 p l a n t s .  
Th is  i n f o r m a t i o n  i s  shown i n  F igu re  5-2.  

The f a c i l i t i e s  t e s t e d  a t  P l a n t  A i n c l u d e  the  f o l l o w i n g :  

' Negat ive  Oxide Unloading 
' P o s i t i v e  Oxide Unloading 

P o s i t i v e  Paste M ix ing  
' Negat ive Paste M i x i n g  

Dry ing  Oven-West 

' Dry ing  Oven-East 

A l l  o f  these f a c i l i t i e s  a re  c o n t r o l l e d  by  baghouses, except f o r  t h e  d r y i n g  

ovens, which a re  u n c o n t r o l l e d .  
l i m i t s ,  and t h e  o p a c i t i e s  a re  0 percent .  

The t h r e e  t e s t s  presented f o r  P l a n t  B are  a l l  f o r  t h e  same pas te  mix ing /  

pas te  a p p l i c a t i o n  exhaust stream, c o n t r o l l e d  by  a wet scrubber.  
t e s t  was a r e s u l t  o f  a m o d i f i c a t i o n  t o  t h e  u n i t ,  and was above the  NSPS l i m i t .  
The t h i r d  t e s t  r e f l e c t s  changes made (apparen t l y  i n  a i r  f l o w  r a t e s )  t o  b r i n g  

the  emissions below t h e  a l l owab le  value. 

t he  f i r s t  t e s t  on ly ,  and were a l l  0 percent.  

Of t h e  51 emission t e s t s  rece ived f o r  g r i d  c a s t i n g  f a c i l i t i e s ,  37 o f  
These u n i t s  included: 25 t h a t  were 

The mass emissions are  a l l  below t h e  NSPS 

The second 

Opac i ty  read ings  were inc luded w i t h  
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The s i x  u n i t s  t e s t e d  a t  P l a n t  E a re  as f o l l o w s :  
Manual Pas t i ng  ( 5  s t a t i o n s )  - Baghouses ( 2  u n i t s )  

Negat ive  Paste M i x i n g  - Wet Scrubbers 

P o s i t i v e  Paste A p p l i c a t i o n  ( 2  u n i t s )  - Baghouse 
P o s i t i v e  Oxide S i l o  - Baghouse 

Negat ive Oxide S i l o  - Baghouse 

M o d i f i c a t i o n  t o  P o s i t i v e  Oxide S i l o  - Baghouse 

Opac i ty  readings o f  0 percent  were i nc luded  w i t h  each t e s t  r e p o r t .  

emissions f o r  a l l  t h e  u n i t s  a re  below t h e  a l l o w a b l e  l i m i t s .  

two pas te  mixers  and two pas te  a p p l i c a t i o n  l i n e s .  

c o n t r o l l e d  by a wet scrubber.  

r e p o r t .  

combined and c o n t r o l l e d  by  a wet scrubber.  

inc luded f o r  a l l  t e s t  runs. 

The mass 

The d a t a  presented f o r  P l a n t  H a r e  f o r  a combined exhaust stream from 
The emiss ions are  

No o p a c i t y  read ings  were i nc luded  w i t h  t h e  t e s t  

P l a n t  I a l s o  has t h e  emissions f rom pas te  m i x i n g  and pas te  a p p l i c a t i o n  
Opac i t y  d a t a  o f  0 percent  were 

Both t e s t s  presented f o r  P l a n t  J are  f o r  t h e  same pas te  mixer,  
c o n t r o l l e d  by  a wet scrubber. 
new scrubber  t o  b r i n g  t h e  emissions below t h e  NSPS a l l owab le  l i m i t s .  
read ings  o f  0 percent  were inc luded w i t h ,  t h e  second t e s t .  

p a s t i n g  area. 

o p a c i t y  da ta  were inc luded.  

The second t e s t  r e f l e c t s  t h e  i n s t a l l a t i o n  o f  a 
Opac i ty  

The da ta  f rom P l a n t  M a re  f o r  t h e  combined emissions f o r  t he  e n t i r e  

T h i s  exhaust stream i s  c o n t r o l l e d  by  a wet scrubber.  No 

The t e s t s  presented f o r  P l a n t  S are  f o r  t h e  f o l l o w i n g  f a c i l i t i e s :  
Automot ive P l a t e  Cur ing  Ovens - U n c o n t r o l l e d  

I n d u s t r i a l  P l a t e  Cur ing  Ovens - U n c o n t r o l l e d  
Paste M i x i n g  & Paste A p p l i c a t i o n  - Baghouse w/HEPA 

' Oxide S i l o s  A&B - Baghouse 

Oxide S i l o  #2 - Baghouse 

Al though the  automot ive p l a t e  c u r i n g  ovens have emiss ions above t h e  NSPS 
a l l owab le ,  t h e  l o c a l  enforcement agency f o r  t h i s  p l a n t  i n t e r p r e t e d  the  
r e g u l a t i o n  such t h a t  compliance w i t h  the  pas te  m ix ing  standard i s  determined 

by t a k i n g  a weighted average o f  t h e  emiss ions f rom a l l  ope ra t i ons  a t  t he  p l a n t  
t h a t  a re  inc luded i n  t h e  d e f i n i t i o n  o f  pas te  m ix ing .  Th is  average (denoted on 
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Figure 5-2 by "Ave.") i s  below t h e  a l l owab le  l i m i t .  
were inc luded w i t h  the  t e s t  r e p o r t s .  

a GortexR baghouse c o n t r o l 1  i n g  pas te  mix ing/appl  i c a t i o n .  

a lso  inc luded o p a c i t y  measurements o f  0 percent .  

by a baghouse. 

No o p a c i t y  measurements 

The da ta  f rom P lan t  X are f o r  an u n c o n t r o l l e d  pas te  d r y i n g  oven, and f o r  

The baghouse da ta  

The u n i t  i s  c o n t r o l l e d  The one t e s t  from P lan t  Y i s  f o r  a pas te  mixer .  

No o p a c i t y  i n fo rma t ion  was inc luded i n  the  t e s t  r e p o r t .  
The da ta  presented f o r  P lan t  Aa inc lude  the  f o l l o w i n g  f a c i l i t i e s :  
' North Oxide Storage Tank - Baghouse 

South Oxide Storage Tank - Baghouse 

Paste Mixers #1, #2,  and #3 (wet c y c l e )  - Wet Scrubber 
Paste Mixers #1,  and # 2  ( d r y  c y c l e )  - Baghouse 

' Paste Mixer  #3 (Dry Cycle)  - Baghouse 

' Curing Oven # 1  - Uncon t ro l l  ed 

' Curing Oven #2 - Uncon t ro l l  ed 

Cur ing Oven #3 - Uncon t ro l l  ed 

Several o f  these u n i t s  have emissions above t h e  a l lowab le  NSPS, i n c l u d i n g  two 
c o n t r o l l e d  by baghouses; however, t h e  l o c a l  enforcement agency f o r  t h i s  p l a n t  

i n t e r p r e t e d  the  r e g u l a t i o n  such t h a t  cornpl iance w i t h  t h e  pas te  mix ing  s tandard 

i s  determined by t a k i n g  a weighted average o f  t he  emissions f rom a l l  u n i t s  
de f i ned  as p a r t  o f  t h e  pas te  mix ing  opera t i on .  
F igure 5 - 2  by "Ave.") i s  a l so  above the  NSPS l i m i t .  

c u r r e n t l y  ope ra t i ng  under a consent o r d e r  w i t h  t h e i r  l o c a l  enforcement agency. 
Test i n fo rma t ion  was a l s o  rece ived f o r  two e a r l i e r  t e s t s ;  one on t h e  wet 

scrubber c o n t r o l l i n g  paste mixers #1, #2, and #3, and one on t h e  baghouse 
c o n t r o l l i n g  paste mixer  #3 ( these t e s t s  are marked " E a r l i e r  Tests"  on F igu re  

5-2). These e a r l i e r  t e s t s  had h ighe r  emissions than those l a t e r  used t o  
compute the  weighted average discussed above. . Opaci ty  read ings  o f  0 percent  

were inc luded w i t h  a l l  t he  t e s t  r e p o r t s .  
The two t e s t s  presented f o r  P lan t  Bb are f o r  t he  same pas te  mixer ;  one 

t e s t  i s  f o r  a wet scrubber c o n t r o l l i n g  t h e  wet c y c l e  o f  mixing,  and the  o the r  
i s  f o r  a baghouse c o n t r o l l i n g  the  d r y  c y c l e .  Both t e s t s  a re  below a l l owab le  

l i m i t s .  

Th is  average (denoted on 
The p l a n t  i s  t h e r e f o r e  

' 

No o p a c i t y  da ta  were inc luded w i t h  t h e  t e s t  r e p o r t .  
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The d a t a  presented  f o r  P l a n t  Cc are  f o r  t h e  f o l l o w i n g  f a c i l i t i e s :  
Paste Mixers  #1, #2 ,  #3 ,  #4 (Dry Cyc le )  - Baghouse 
D r y i n g  Oven #3 - Uncon t ro l l ed  

M o d i f i c a t i o n  t o  Paste Mixers  #1, #2 ,  #3,  #4 
(D ry  Cyc le )  - Baghouse 

' Paste Mixers  # 3 ,  #4 (Wet Cyc le )  - Wet Scrubber 

- Wet Scrubber 

' Dry ing  Oven #1 - U n c o n t r o l l  ed 
O Dry ing  Oven #2 - Uncon t ro l l ed  
O Pas t ing  L ines  ( # l ,  # 2 ,  #3)  - Primary HEPA 

O M o d i f i c a t i o n  t o  Paste Mixers #3, #4 
(Wet Cycle) - Wet Scrubber 

Paste Mixers  # I ,  #2  (Wet Cyc le )  

Oxide Storage Tank C - Baghouse 

# 3 ,  #4 (Dry Cyc le )  - Baghouse 

Opac i ty  read ings  f o r  t h e  l a s t  f o u r  t e s t s  were a l l  0 percent .  

' M o d i f i c a t i o n  t o  Paste Mixers #1, # 2 ,  

Chem-Set Room ( P l a t e  Cur ing)  - Uncon t ro l l ed  

The t e s t  

i n fo rma t ion  f o r  t h e  t h r e e  u n c o n t r o l l e d  d r y i n g  ovens i s  above t h e  l e v e l  o f  t h e  
standards.  However, the.  l o c a l  enforcement agency has i n t e r p r e t e d  the  

r e g u l a t i o n  such t h a t  t h e  a f f e c t e d  f a c i l i t y  i nc ludes  a l l  equipment assoc ia ted  

w i t h  pas te  m i x i n g  and a p p l i c a t i o n .  
used t o  compute a weighted average was n o t  inc luded;  the re fo re ,  an a c t u a l  

average va lue  i s  n o t  presented. 

I n f o r m a t i o n  on which ac tua l  t e s t  runs were 

The d a t a  presented f o r  P l a n t  Dd a re  f o r  t he  f o l l o w i n g  f a c i l i t i e s :  
' Paste M ixe r  #3 (Wet Cycle) - Wet Scrubber 

Paste Mixers  #1, #2, #3 (Dry Cyc le )  - Baghouse 

Pas t ing  L i n e  #3 - Pr imary HEPA 

Paste Mixers  #3, #4 (Wet Cyc le )  
- Wet Scrubber 

Pas t i ng  L i n e  #4 . - Pr imary HEPA 
( a d d i t i o n  o f  #4)  

' Paste M ixe r  #4 (Dry Cycle) - Baghouse 

Opac i ty  read ings  were n o t  inc luded w i t h  any o f  t h e  t e s t  r e p o r t s .  
presented f o r  pas te  m ixe r  #4 ( d r y  c y c l e )  shows emissions i n  excess o f  

The t e s t  
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a l lowab le .  
compliance. 

O f  t h e  58 emission t e s t s  rece ived  f o r  pas te  m ix ing  f a c i l i t i e s ,  45 were 

i n  compliance w i t h  t h e  NSPS. 
baghouses, 15 wet scrubbers, 3 p r imary  HEPA f i l t e r s ,  1 baghouse and HEPA 
f i l t e r ,  and 5 u n c o n t r o l l e d  u n i t s .  
above the  a l l owab le  l i m i t .  
f o u r  used baghouses, and two used scrubbers. 
n o t  i n  compliance w i t h  t h e  NSPS a re  used in  the  computat ion o f  a weighted 
average t o  determine compliance. 

brought i n t o  compliance. 
5.2.3 Three-Proces s OD e r  a t '  ion 

12 p l a n t s .  Th i s  i n f o r m a t i o n  i s  shown i n  F i g u r e  5-3.  

Th is  u n i t  was r e c e n t l y  r e t e s t e d ,  and i s  now r e p o r t e d  t o  be i n  

The c o n t r o l  dev ices  on these u n i t s  included: 21 

There were 13 t e s t s  rece ived  w i t h  emissions 

Seven o f  these u n i t s  had u n c o n t r o l l e d  emissions, 
Ten o f  t he  u n i t s  w i t h  emissions 

The o t h e r  t h r e e  remain ing u n i t s  have been 

Emissions d a t a  f o r  th ree-process  opera t i on  f a c i l  i t i e s  were rece ived  from 

The d a t a  presented f o r  P l a n t  B i nc ludes  the  f o l l o w i n g :  
' A & B Ser ies  Assembly Area - Baghouse 

C Ser ies  Assembly Area - Baghouse 
M o d i f i c a t i o n  t o  C Ser ies  Assembly Area - Baghouse 
D Ser ies  Assembly Area - Baghouse 

M o d i f i c a t i o n  t o  A and B Assembly - Baghouse 

E Ser ies  Assembly Area - Baghouse 

' Three Wrapper/Stacker U n i t s  - Baghouse 

Opac i ty  read ings  o f  0 percent  were i nc luded  w i t h  th ree  o f  t h e  t e s t  r e p o r t s .  
The mass emissions f o r  t h e  wrapper /s tacker  u n i t s  a re  above the  a l l owab le  NSPS. 
However, t h e  l o c a l  enforcement agency has i n t e r p r e t e d  the  r e g u l a t i o n  such t h a t  
compliance i s  determined by  a weighted average o f  emissions from a l l  equipment 
assoc ia ted  w i t h  t h e  three-process opera t i on .  

d i f f e r e n t  types  o f  b a t t e r i e s .  

f i l t e r s  and are  i n  compliance w i t h  t h e  NSPS. 
w i t h  the  t e s t  r e p o r t s .  

The t h r e e  t e s t s  f rom P l a n t  D are  f o r  t he  assembly processes f o r  t h r e e  

No o p a c i t y  d a t a  were inc luded 
A l l  o f  t h e  u n i t s  a re  c o n t r o l l e d  by  f a b r i c  
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The data presented for Plant E includes the following: 
Laser Bonders (Plate burning) 
Stacking Area - Baghouse 
Post Brush - Baghouse 
Modified Laser Bonders (addition 

- Baghouse 
' Bond Repair - Baghouse 

exhaust) - Baghouse 

- Uncontrol 1 ed 

of a control device) 

Lasers and Stacking (now combined 

Opacity readings of 0 percent were included with all of the test reports. 
laser bonders initially showed emissions in excess of the allowable NSPS; 
however, the later tests show this to be corrected via addition of a control 
device. 

Emissions are controlled by a cartridge collector with a secondary HEPA filter 
and are below the allowable NSPS. 
the test reports. 

control1 ing various battery assembly processes (stack and burn, elements into 
cases, etc.). 
was measured at 0 percent. 

wrapping, stacking, and cast-on-strap-operations, which shows the unit to be 
in compliance. The opacity was measured at 0 percent. 

operations. 
below the allowable NSPS. 
reports. 

fac i l  it ies: 

The 

The one test from Plant H is for an automotive battery assembly system. 

No opacity information was included with 

The test from Plant I is for the combined exhaust from two baghouses 

The mass emissions are within allowable limits, and the opacity 

Plant J presents emissions data from one baghouse controlling plate 

The three tests presented for Plant P are all for stack and burn 

No opacity data were included with the test 
Each facility is controlled by a baghouse, with mass emissions 

The first seven tests presented for Plant S are for the following 

' Automatic Repair Station - HEPA Filter 
' Conventional Assembly #1 - Uncontrol led 
' Automatic Assembly #1 - Baghouse w/HEPA 
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Automatic Assembly # 2 ,  #3 - Baghouse w/HEPA 
( L a t e r  changed t o  c a r t r i d g e  house w/HEPA, b u t  no new 

t e s t  rece ived)  
Convent ional  Assembly # 2  
I n d u s t r  i a1 Assembly 

- Uncontro l  1 ed 

- GoretexR Baghouse w/HEPA 

' Convent ional  Stack & Burn - C a r t r i d g e  C o l l e c t o r  

A l l  o f  these u n i t s  have emissions below the  NSPS a l lowab le .  The l o c a l  

enforcement agency f o r  t h i s  p l a n t  i n t e r p r e t e d  t h e  r e g u l a t i o n  such t h a t  
compliance w i t h  t h e  three-process s tandard i s  determined by t a k i n g  a weighted 
average o f  t h e  emissions from a l l  th ree-process  r e l a t e d  opera t ions  a t  t h e  

p l a n t .  Test i n f o r m a t i o n  was 

a l s o  rece ived  f o r  f u r t h e r  m o d i f i c a t i o n s  t o  some o f  t h e  three-process 

f a c i l i t i e s  a t  P l a n t  S ( these t e s t s  a re  marked " L a t e r  Mod." on f i g u r e  5 - 3 ) .  
The f i r s t  l a t e r  t e s t  i s  f o r  a new s tacke r / cas t -on -s t rap  opera t i on  ( c o n t r o l l e d  
by a baghouse), and t h e  second t e s t  i s  f o r  a m o d i f i c a t i o n  t o  t h i s  u n i t .  

f i n a l  t e s t  i s  f o r  a m o d i f i c a t i o n  t o  t h e  i n d u s t r i a l  assembly area. A l l  o f  

these l a t e r  t e s t s  a r e  a l so  in  compliance w i t h  NSPS l i m i t s .  
f rom P l a n t  S inc luded o p a c i t y  data, .both o f  which were 0 percent .  

Th is  average i s  denoted on f i g u r e  5 - 3  by "Ave". 

The 

Only two t e s t s  

The f i r s t  t h r e e  t e s t s  presented f o r  P l a n t  Aa a re  as f o l l o w s :  
Cast-on strap/Assembly #1, #2 - Baghouse 

' Cast-on -strap/Assembl y #3 - Baghouse 

Cast-on-strap/Assembly #4 - Baghouse 

Opaci ty  readings o f  0 percent  were inc luded w i t h  a l l  o f  t h e  repo r t s ,  and t h e  

mass emissions a re  a l l  below the  NSPS a l lowab le .  The l o c a l  enforcement agency 
f o r  t h i s  p l a n t  i n t e r p r e t e d  t h e  r e g u l a t i o n  such t h a t  compliance w i t h  t h e  t h r e e -  
process s tandard i s  determined b y  t a k i n g  a weighted average o f  t h e  emissions 
from a l l  o f  t h e  three-process r e l a t e d  u n i t s  a t  t h e  p l a n t .  

denoted on F igu re  5-3  by "Ave." 

baghouse c o n t r o l l i n g  two cas t -on-s t rap jassembly  l i n e s  ( # 1  and # 2 ) ,  and i t  was 
above t h e  a l lowab le  l i m i t .  
average) shows t h a t  t h i s  s i t u a t i o n  was co r rec ted .  

bo th  c o n t r o l l e d  b y  p r i m a r y  HEPA f i l t e r s .  
s l i g h t l y  above t h e  a l l owab le  NSPS; however, i n fo rma t ion  on ac t i ons  t o  lower  

Th is  average i s  

One e a r l i e r  t e s t  was a l s o  rece ived f o r  t he  

The l a t e r  t e s t  (used t o  compute the  weighted 

The da ta  rece ived f o r  P lan t  Bb i s  f rom two cast-on-strap/assembl 'y l i n e s ,  

The f i r s t  u n i t  has emissions 
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these emissions has been forwarded t o  t h e  l o c a l  enforcement agency. 
opac i t y  da ta  were inc luded w i t h  t h e  r e p o r t s .  

several  three-process s t a t i o n s  c o n t r o l l e d  by several  p r imary  HEPA f i l t e r s ,  and 
bo th  show compliance w i t h  t h e  NSPS. The second t e s t  r e f l e c t s  m o d i f i c a t i o n s  t o  

the f a c i l i t y .  

r e p o r t .  
The da ta  f rom P lan t  Dd are f o r  two cast -on-st rap/assembly l i n e s .  

u n i t s  a re  c o n t r o l l e d  by pr imary  HEPA f i l t e r s ,  w i t h  emissions below the  
a l lowab le  l i m i t .  Opaci ty  da ta  were no t  inc luded w i t h  t h e  t e s t  r e p o r t s .  

O f  t h e  41 emission t e s t s  rece ived  f o r  three-process f a c i l i t i e s ,  37 were 
i n  compliance w i t h  t h e  NSPS. These u n i t s  a re  c o n t r o l l e d  by:  24 baghouses, 5 
pr imary  HEPA f i l t e r s ,  4 baghouses w i t h  HEPA f i l t e r s ,  1 c a r t r i d g e  c o l l e c t o r ,  1 
c a r t r i d g e  c o l l e c t o r  w i t h  HEPA f i l t e r ,  and 2 u n i t s  are uncon t ro l l ed .  

f o u r  t e s t s  no t  meet ing t h e  NSPS l i m i t s ,  two are f o r  u n i t s  c o n t r o l l e d  by 
baghouses, one by a p r imary  HEPA f i l t e r ,  and one i s  u n c o n t r o l l e d .  

w i t h  emissions above a l l owab le  have been used i n  computing a weighted average 
t o  determine compliance, and one u n i t  has been brought  i n t o  compliance. 

I n fo rma t ion  concern ing  a c t i o n  t o  b r i n g  t h e  remain ing - u n i t  i n t o  compliance has 
been forwarded t o  the  l o c a l  enforcement agency. 

5 .2 .4  Lead ox ide orodu c t i o n  

seven p l a n t s .  Th is  i n f o r m a t i o n  i s  shown i n  F igure  5-4 .  A l l  o f  t h e  da ta  

rece ived are f rom systems us ing  t h e  Bar ton Process r a t h e r  than a b a l l  m i l l .  
The two s tacks t e s t e d  f o r  Plant C are f rom t h e  same ox ide  m i l l ;  one 

serves the  r e g u l a r  process baghouse, and the  o the r  i s  f o r  an emergency back-up 

baghouse. 
inc luded w i t h  t h e  t e s t  r e p o r t .  

opac i t y  i n fo rma t ion  was rece ived.  

by baghouses w i t h  Goretex" bags, and a re  i n  compliance. 

were no t  inc luded w i t h  the  t e s t  r e p o r t s .  

No 

The two t e s t  r e p o r t s  f o r  P l a n t  Cc are f o r  t h e  same stack,  which serves 

Opac i ty  readings o f  0 percent  were inc luded w i t h  the  second 

Both 

O f  t h e  

Two t e s t s  

Emissions da ta  f o r  l ead  ox ide  p roduc t i on  f a c i l i t i e s  were rece ived from 

Both are i n  compliance w i t h  the  NSPS. Opaci ty  readings were no t  

No A baghouse w i t h  Goretex" bags c o n t r o l s  t h e  ox ide m i l l  a t  P lan t  H. 

P lan t  K presented da ta  f o r  two ox ide  m i l l s .  
The mass emissions a re  w i t h i n  NSPS l i m i t s .  

Both u n i t s  a r e  c o n t r o l l e d  

Opaci ty  readings 
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LEAD-OXIDE PRODUCTION FACILITIES 
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Figure 5-4. Emissions Data for Lead-Oxide Production Facilities 
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The data  f rom P lan t  0 are f o r  t h r e e  separate ox ide  m i l l s ,  each 

c o n t r o l l e d  by a baghouse w i t h  Goretex’” bags. 
w i t h  t h e  t e s t  r e p o r t .  The t e s t  f o r  t h e  f i r s t  m i l l  shows emissions s l i g h t l y  

above t h e  NSPS 1 i m i t .  However, t he  l o c a l  enforcement agency has i n t e r p r e t e d  
the  r e g u l a t i o n  such t h a t  compliance i s  determined us ing  a weighted average of 
t he  emissions f rom a l l  l e a d  ox ide  p roduc t i on  equipment. 

from two baghouses, each se rv ing  a s i n g l e  ox ide  m i l l .  
a GoretexR baghouse c o n t r o l l i n g  a t h i r d  ox ide  m i l l .  
emissions w e l l  below t h e  NSPS l i m i t .  
t e s t  r e p o r t s .  The l o c a l  enforcement agency f o r  t h i s  p l a n t  i n t e r p r e t e d  t h e  

r e g u l a t i o n  such t h a t  compliance w i t h  t h e  l ead  ox ide  p roduc t i on  standard i s  
determined by t a k i n g  a weighted average o f  t he  emissions f rom a l l  l ead  ox ide  

produc t ion  f a c i l i t i e s  a t  t h e  p l a n t .  
“Ave. ” 

and i s  i n  compliance w i t h  t h e  NSPS. 
t e s t  in fo rmat ion .  

Opaci ty  da ta  were no t  inc luded 

The f i r s t  t e s t  presented f o r  P l a n t  S i s  f o r  a combined exhaust stream 
The second t e s t  i s  for 

A l l  t h r e e  m i l l s  have 
No o p a c i t y  da ta  were inc luded w i t h  the  

Th is  average i s  denoted on F igure  5-4  by 

The da ta  f rom P l a n t  V a re  f o r  one ox ide  m i l l ,  c o n t r o l l e d  by a baghouse, 
Opac i ty  da ta  were n o t  inc luded w i t h  the  

The two t e s t s  f rom P lan t  Z are f o r  two ox ide  m i l l s ,  each c o n t r o l l e d  by a 

baghouse. 
second m i l l  shows emissions s l i g h t l y  above the  a l lowab le  1 i m i t ;  however, t he  

u n i t  was r e c e n t l y  re - tes ted ,  and i s  now repor ted  t o  be i n  compliance. 

A l l  13 t e s t s  rece ived f o r  ox ide  p roduc t i on  f a c i l i t i e s  were f o r  u n i t s  
c o n t r o l l e d  by baghouses. Two o f  these t e s t s  showed emissions above t h e  

a l lowab le  NSPS. 
weighted average o f  emissions, and t h e  o t h e r  u n i t  has been brought  i n t o  
compl i ance. 
5.2.5 Lead Recl amat ion 

No compliance da ta  were rece ived f o r  l ead  rec lamat ion  f a c i l i t i e s  

i n d i v i d u a l l y .  There were, however, severa l  cases where l e a d  rec lamat ion  
f a c i l i t y  emissions were combined w i t h  those from another type  o f  u n i t ,  and 

c o n t r o l l e d  by one dev ice.  Th is  i n f o r m a t i o n  i s  presented i n  Sect ion 5.2.7.  

Opaci ty  readings o f  0 percent  were inc luded.  The t e s t  f o r  t h e  

One o f  t h e  t e s t s  n o t  i n  compliance was used t o  compute a 
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5.2.6 Other Lea d E m i t t i n a  Ooe r a t i o n s  

opera t i ons "  were rece ived  f rom f o u r  p l a n t s .  

F igu re  5-5. 

Emissions d a t a  f o r  those f a c i l i t i e s  c a t e g o r i z e d  as " o t h e r  l e a d  e m i t t i n g  
Th is  i n fo rma t ion  i s  shown i n  

The f a c i l i t i e s  presented f o r  P lan t  B a r e  as  f o l l o w s :  
Cent ra l  Vacuum System - Cyclone/Baghouse 

' P l a t e  Processing A - Baghouse 
' M o d i f i c a t i o n  t o  P l a t e  Processing A - Baghouse 
O P l a t e  Process ing B - Wet Scrubber 

A l l  o f  t h e  u n i t s  had mass emissions below a l l owab le  l i m i t s .  

were inc luded f o r  two o f  t h e  t e s t s  on p l a t e  process ing,  and were a l l  a t  0 

p e r r e n t .  

s t a t i o n .  

NSPS. 

Opac i ty  readings 

The da ta  presented f o r  P lan t  W a re  f o r  a p l a t e  unrack ing  and brush ing  
Th is  u n i t  i s  c o n t r o l l e d  by a baghouse, and i s  i n  compliance w i t h  t h e  

No o p a c i t y  i n fo rma t ion  was inc luded w i t h  the  t e s t  r e p o r t .  

The f a c i l i t i e s  presented f o r  P l a n t  Aa a re  as f o l l o w s :  
Cent ra l  Vacuum System - Baghouse 

P l a t e  & Paste Salvadge - Wet Scrubber 

.' M o d i f i c a t i o n  t o  P l a t e  & Paste Salvage - Wet Scrubber 

Opaci ty  readings f o r  t h e  f i r s t  and t h i r d  t e s t s  were 0 percent .  

vacuum system i s  shown t o  have emissions s l i g h t l y  above t h e  a l lowab le  l i m i t ;  

however, t h e  u n i t  has been r e - t e s t e d ,  and i s  now repor ted  t o  be i n  compliance. 
The t e s t s  f rom P lan t  Cc are f o r  two pos t  pour ing  s t a t i o n s .  

these u n i t s  a re  uncon t ro l l ed ,  w i t h  emissions below t h e  a l l owab le  NSPS. 
Opaci ty  readings f o r  a l l  t h r e e  f a c i l i t i e s  were 0 percent .  

O f  t he  10 emiss ion t e s t s  rece ived f o r  "o the r  l ead  e m i t t i n g "  f a c i l i t i e s ,  

9 were i n  compliance w i t h  the  NSPS. 

baghouses, t h r e e  wet scrubbers, and two u n i t s  were u n c o n t r o l l e d .  

f a c i l i t y  no t  meet ing the  NSPS was c o n t r o l l e d  by a baghouse; t h i s  u n i t  has now 
been brought  i n t o  cornpl iance. 

The c e n t r a l  

Both of 

These u n i t s  were c o n t r o l l e d  by f o u r  

The one 
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5 .2 .7  W i n e d  Fac il i t i e s  

w i t h  d i f f e r e n t  a l l owab le  emiss ions)  a re  c o n t r o l l e d  by a common device.  

t h i s  case, t h e  a l l owab le  emission l i m i t  can be c a l c u l a t e d  by t a k i n g  t h e  
weighted average o f  t h e  standards f o r  each u n i t .  

f a c i l i t i e s  were r e c e i v e d  f rom f i v e  p l a n t s ,  a l l  o f  which were i n  compliance. 

Th is  i n f o r m a t i o n  i s  shown i n  F igu re  5-6. 

combined emissions of t h e  complete pas te  m ix ing  (as w e l l  as a p p l i c a t i o n )  and 
assembly ( th ree-process)  opera t ions .  

f a c i l i t i e s  i s  4 . 4  x 10 '  gr /dsc f .  

u n c o n t r o l l e d  emissions f rom t h e  g r i d  c a s t i n g  and l e a d  rec lamat ion  opera t ions .  
The weighted average a l l owab le  l i m i t  was s t a t e d  i n  t h e  t e s t  r e p o r t  t o  be 
1.66 x 10" g r /dsc f .  

combined exhaust f rom severa l  l ead  m e l t  po ts  ( g r i d  c a s t i n g )  and a l ead  

rec lamat ion  opera t ion .  An a l l owab le  l i m i t  o f  6 . 3  x 10.' g r / d s c f  was presented 
i n  the  t e s t  r e p o r t .  No o p a c i t y  da ta  were rece ived.  

combined exhaust f rom t h e  pas te  a p p l i c a t i o n  and g r i d  c a s t i n g  opera t ions .  
a l lowab le  l i m i t  o f  4 . 3  x10" g r /dsc f  was presented i n  the  t e s t  r e p o r t .  

o p a c i t y  da ta  were inc luded.  

c a s t i n g  u n i t s  and a l e a d  rec lamat ion  opera t ion ,  a l l  be ing c o n t r o l l e d  by a wet 
scrubber.  
IO.' gr /dsc f .  

A t  P lan t  Gg, a l l  emissions f rom t h e  p l a n t  are u l t i m a t e l y  c o n t r o l l e d  by 
one c e n t r a l  baghouse (some u n i t s  have p r i m a r y  c o n t r o l  dev ices p r i o r  t o  f i n a l  
c o n t r o l  by t h i s  baghouse). 

I n  some cases, emissions f rom severa l  d i f f e r e n t  t ype  f a c i l i t i e s  ( o f t e n  

I n  

Emissions da ta  f o r  combined 

The f i r s t  t e s t  presented f o r  P lan t  G i s  f rom a baghouse c o n t r o l l i n g  the  

The s tandard f o r  bo th  o f  these 

The second t e s t  i s  f o r  t h e  combined, 

No o p a c i t y  da ta  were i nc luded  w i t h  t h e  t e s t  r e p o r t s .  
The f a c i l i t y  presented f r o m  P l a n t  M i s  a baghouse c o n t r o l l i n g  t h e  

The f a c i l i t y  presented f o r  P l a n t  Y i s  a baghouse c o n t r o l l i n g  t h e  

An 

No 

The data  f rom P l a n t  Bb i s  f o r  t h e  combined emissions f rom s i x  g r i d  

The weighted average a l l owab le  l i m i t  was c a l c u l a t e d  t o  be 5.18 x 
Opac i ty  i n fo rma t ion  was no t  inc luded.  

The major  emission p o i n t s  inc lude:  
Oxide S i l o  Vent F i l t e r  

P l a t e  Breaking and B u f f i n g  Baghouse 
' Paste Mix ing  

' Past ing  and Three Process Cont ro l  Devices ( s e v e r a l )  
G r i d  Cast ing 
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It was not possible to calculate a weighted average emission limit with the 
available information; however, the emissions were well below any o f  the 
applicable limits. 
data sheets were included. 

The opacity was stated to be 0 percent, although no actual 
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6.0 COST ANALYSIS 

6.1 INTRODUCTION 

and cos t  e f fec t i veness  r a t i o s  i n  second quar ter  1988 d o l l a r s  f o r  
models o f  a l t e r n a t i v e  c o n t r o l  devices t o  meet New Source Performance 
Standards (NSPS). 

i n  model lead-ac id ba t te ry  manufacturing p lants .  

a t o t a l  absence o f  emission cont ro ls .  The operat ions f o r  which 
est imates a r e  developed inc lude g r i d  cast ing,  paste mix ing,  t h e  
"three-process" operat ion,  format ion,  lead oxide manufacturing, lead 
reclamat ion, and the  use o f  c e n t r a l  vacuum systems. 

The balance o f  t h i s  chapter i s  organized i n t o  f i v e  p r i n c i p a l  
sect ions.  Sect ion 6.2 descr ibes the  major steps i n  t h e  manufacture of 
lead-acid b a t t e r i e s ,  and i d e n t i f i e s  the emission p o i n t s  t h a t  would 
need t o  be c o n t r o l l e d  under the  NSPS. Sect ion 6.3 descr ibes the  
a l t e r n a t i v e  cont ro ls ,  wh i l e  Sect ion 6.4 presents t h e  c a p i t a l  costs f o r  
t he  Contro ls  and the u n i t  costs  used i n  est imat ing the annual c o n t r o l  
costs. To ta l  annual costs  a re  developed i n  Sect ion 6.5. F i n a l l y ,  
Sect ion 6.6 examines the  cos t  e f fec t i veness  o f  each c o n t r o l  
a l t e r n a t i v e  and Sect ion 6.7 compares t h e  estimates here in  w i t h  
i ndus t r y  experience repor ted i n  Sect ion 114 l e t t e r  responses. 

6.2 PROCESS DESCRIPTION 
6.2.1 Grid Cast ing 

of the  lead-a l loy  g r i d s  which c o n s t i t u t e  the  mechanical support ing 
s t ruc tu res  f o r  the  b a t t e r y  e lect rodes o r  p la tes .  F o r  the  m o s t  p a r t ,  
g r i d s  a re  produced through a Cast ing process. 
i n  the  fo rm o f  expanded metal obtained by punching and s t r e t c h i n g  a 

Th is  chapter presents the  c a p i t a l  investment, t o t a l  annual costs.  

These c o n t r o l  dev ices serve var ious emission p o i n t s  

The c o n t r o l  costs  a re  est imated r e l a t i v e  t o  a base l ine  r e f l e c t i n g  

The manufacture o f  lead-acid b a t t e r i e s  begins w i t h  the product ion 

They a r e  a l s o  produced 
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wide s t r i p  O f  sheet l ead  a l l o y .  
however, concern i s  o n l y  w i t h  the  c a s t i n g  process. 

Gr ids  a r e  g e n e r a l l y  cas t  i n  doublets  (i.e., two g r i d s  per  c a s t i n g  

from mol ten l ead  a l l o y .  
a temperature o f  approximately 7OO0F (371°C). 

w i t h  s i n g l e ,  r o t a r y ,  o r  continuous c a s t i n g  machines. In some 
operat ions,  t h e  m e l t i n g  po ts  a re  a t tached  d i r e c t l y  t o  the  Cast ing 
machines. 
c e n t r a l  p o t  furnace. 

f a c i l i t i e s  a t  a lead-ac id b a t t e r y  p l a n t .  However, a l a r g e  p l a n t  can 
s t i l l  emi t  up t o  1,200 k g / y r  o f  l e a d  f rom t h i s  operat ion.  
instances,  t h e  emissions from the  c a s t i n g  furnaces a r e  vented d i r e c t l y  
t o  the  atmosphere. 
t o  lead. Genera l ly ,  t he  areas around t h e  c a s t i n g  machines a re  n o t  
vented. 
6.2.2 Paste M i x i n g  

dough-type mixer.  From 600 t o  3,000 l b  (272 t o  1,361 kg)  o f  lead 
ox ide  a r e  added t o  the  mixer. Water and s u l f u r i c  a c i d  a r e  then added, 
and the m i x t u r e  blended t o  form a s t i f f  paste. D i f f e r e n t  pastes a re  
formulated f o r  t h e  p o s i t i v e  and nega t i ve  p la tes .  
percent  of expander (cornonly a m i x t u r e  o f  carbon b lack,  bar ium 
s u l f a t e ,  and o rgan ic  m a t e r i a l s  such as l i g n o s u l f o n i c  a c i d )  i s  added 
t o  batches of paste f o r  negat ive e lect rodes.  Depending on t h e  type 
o f  m ixe r  be ing used, t h e  mix ing c y c l e  can l a s t  from 15 minutes 
t o  one hour. 

t h e  charg ing of t he  d r y  i ng red ien ts  t o  the  mixer. 
cyc le ,  t h e  high-emissions phase would occur f o r  roughly  the  f i rs t  
10 minutes. The emissions c o n s i s t  o f  l e a d  oxide, p l u s  small  amounts 
of o t h e r  paste c o n s t i t u e n t s  such as Dynela, organics,  and 
carbon black.  

by hand o r  machine. The p l a t e s  a r e  then subjected t o  a d r y i n g  and 
c u r i n g  process t o  achieve the p o r o s i t y  and mechanical s t r e n g t h  

In t he  con tex t  o f  t h i s  d iscuss ion,  

The lead  a l l o y  i s  mel ted i n  g a s - f i r e d  po ts  a t  
Cas t i ng  i s  performed 

I n  o the r  s i t u a t i o n s ,  t he  c a s t i n g  machines a re  f e d  f rom a 

Emissions from g r i d  cas t i ng  tend t o  be lower than those from o the r  

. I n  some 

Th is  i s  done p r i m a r i l y  t o  reduce worker exposures 

Paste m i x i n g  i s  a batch opera t i on  performed us ing a m u l l e r ,  Day, o r  

About one weight  

The b u l k  of t he  emissions f r o m  the  m i x i n g  opera t i on  occur d u r i n g  
I n  a one-hour 

Fo l l ow ing  the m i x i n g  operat ion,  t h e  paste i s  a p p l i e d  t o  the  g r i d s  
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requ i red  f o r  adequate performance and s e r v i c e  l i f e .  
proper  c o n t r o l  o f  o x i d a t i o n  and S u l f a t i o n  o f  the p la tes.  
6.2.3 The Three-Process Operat ion 

" three-process" operat ion.  which c o n s i s t s  o f  p l a t e  s tack ing ,  burning, 
and assembly o f  elements i n  the  b a t t e r y  case. The p l a t e s  a re  stacked 

i n  an a l t e r n a t i n g  p o s i t i v e  and nega t i ve  b lock  format ion w i t h  
i n s u l a t i n g  separators  i n s e r t e d  between each p a i r  o f  p l a t e s .  
s tack ing  i s  comnonly performed by hand, a l though the  o p e r a t i o n  can be 
automated . 

The bu rn ing  opera t i on  e n t a i l s  t he  welding o f  leads t o  the  tabs o f  
each p o s i t i v e  and each negat ive p l a t e ,  thereby f a s t e n i n g  t h e  element 
together.  The completed elements a re  then assembled i n t o  b a t t e r y  

cases e i t h e r  be fo re  format ion ( i n  "wet" format ion)  o r  a f t e r  f o rma t ion  
( i n  "d ry "  format ion) .  An a l t e r n a t i v e  t o  t h l s  ope ra t i on  I s  t he  
"cast-on-strap" process i n  which mol ten l ead  i s  poured around and 
between the  p l a t e  tabs t o  form the  connection. A p o s i t i v e  and a 
negat ive te rm ina l  a re  then welded t o  t h e  element. 

generated d u r i n g  the p l a t e  s t c c k i n g  and b u r n i n g l c a s t i n g  operat ions.  
The hand l i ng  o f  p l a t e s  between the  process steps a l s o  produces 
considerable l ead  emissions. Workers t y p i c a l l y  s t r a i g h t e n  stacks o f  
P l a t e s  by s t r i k i n g  them aga ins t  a g ra ted  surface. The impact causes 
P a r t i c l e s  of paste t o  become a i rborne.  These p a r t i c l e s  a r e  g e n e r a l l y  
c o l l e c t e d  i n  vents  t o  p r o t e c t  t he  h e a l t h  o f  workers. 
6.2.4 Formation 

I n  the  format ion process, t he  i n a c t i v e  l ead  o x i d e - s u l f a t e  paste i s  
chemical ly  converted t o  an a c t i v e  e lect rode.  
P o s i t i v e  p l a t e s  i s  o x i d i z e d  t o  l ead  peroxide. I n  t h e  nega t i ve  p l a t e s ,  
t he  l ead  ox ide i s  reduced t o  m e t a l l i c  lead. The process i n v o l v e s  
P lac ing  unformed p l a t e s  i n  a d i l u t e  s u l f u r i c  a c i d  s o l u t i o n ,  and 
connect ing the  p o s i t i v e  p l a t e s  t o  the  p o s i t i v e  p o l e  o f  a d i r e c t  
c u r r e n t  (dc) source, and the negat ive p l a t e s  t o  t he  nega t i ve  p o l e  
o f  the dc source. 

Cur ing ensures 

Fo l l ow ing  the  c u r i n g  process, t he  p l a t e s  a re  u s u a l l y  Sent t o  the  

The 

Most o f  t he  l ead  emissions i n  the  three-process o p e r a t i o n  are 

The lead  o x i d e  i n  the  
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Dur ing t h e  process, hydrogen i s  re leased i n  t h e  form o f  Small 

bubbles. 
through the  su r face  o f  t he  s o l u t i o n  and e n t e r  t he  atmosphere. 
process i s  thus a source o f  s u l f u r i c  a c i d  m i s t  emissions. 

emissions tend t o  increase w i t h  increases i n  temperature and charg ing 
rate.  I n  a d d i t l o n .  as the  fo rma t ion  process nears i t s  end. t he  
re lease o f  hydrogen bubbles tends t o  increase. 

b a t t e r y  case a f t e r  assembly ("wet"  f o rma t ion )  o r  i n  open tanks p r i o r  
t o  b a t t e r y  assembly ( " d r y "  format ion).  
a re  p laced i n  t h e  b a t t e r y  case, the l i d  i s  at tached, s u l f u r i c  a c i d  i s  
added, and a charge i s  appl ied.  A f t e r  format ion,  t he  charging 
e l e c t r o l y t e  i s  o f t e n  removed from the  b a t t e r y  f a r  reuse, and new a c i d  
i s  added. 
fo rma t ion  may r e q u i r e  from one t o  seven days f o r  completion. 
format ion,  t h e  b a t t e r y  elements a re  formed by p l a c i n g  them i n  l a r g e  
tanks o f  s u l f u r i c  ac id ,  then making an e l e c t r i c a l  connection. The 
process t y p i c a l l y  requ i res  about 16 hours f o r  completion. 

a r e  u s u a l l y  n o t  c o n t r o l l e d  o r  ducted t o  a stack. 
t he  emissions o f  a c i d  m i s t  may be c o n t r o l l e d  through the  use o f  
a sur face foaming agent, m i s t  e l i m i n a t o r s ,  scrubbers, o r  some 
combinat ion o f  these con t ro l s .  
6.2.5 Lead Oxide Product ion 

The l e a d  ox ide  m i x t u r e  used i n  b a t t e r y  paste p roduc t i on  i s  

t y p i c a l l y  70 percent  PbO, w i t h  the  balance being f r e e  m e t a l l i c  lead. 
Lead ox ide i s  produced by e i t h e r  the  b a l l  m i l l  process o r  t he  Bar ton 
Process. I n  t h e  b a l l  m i l l  process, h i g h  p u r i t y  l ead  p i g s  ( i n g o t s )  a re  
tumbled i n  a m i l l  w h i l e  being subjected t o  a regu la ted  f l o w  o f  a i r .  
Ox ida t i on  i s  i n i t i a t e d  by the  heat generated through t h e  tumbl ing 
ac t i on .  Dur ing the  tumbling, t he  l e a d  oxide t h a t  forms on the sur face 
O f  a p i g  i s  broken o f f ,  a long w i t h  f i n e  p a r t i c l e s  o f  unoxid ized lead. 

The r e s u l t i n g  dus t  i s  removed from t h e  m i l l  by a c i r c u l a t i n g  a i r  
stream. Larger  p a r t i c l e s  a re  ground f u r t h e r  i n  a h a m e n i l l .  The 

These bubbles c a r r y  s u l f u r i c  a c i d  w i t h  them as they break 

The 
The 

Format ion o f  t h e  b a t t e r y  p l a t e s  may be performed e i t h e r  w i t h i n  the 

I n  wet format ion,  t he  C e l l s  

Depending on the p a r t i c u l a r  charging method used, wet 
I n  d r y  

Emissions f r a m w e t  format ion opera t i ons  tend t o  be minor,  and 
I n  d r y  format ion,  
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l ead  ox ide m i x t u r e  i s  conveyed t o  s torage b i n s  b y  means o f  t o t a l l y  
enclosed screw conveyors. Enough lead  ox ide i s  e n t r a i n e d  i n  the m i l l  

exhaust gases t o  j u s t i f y  gas c lean ing  f o r  product  recovery. 
I n  the Bar ton process, molten l ead  i s  f e d  i n t o  a p o t  and s t i r r e d  

r a p i d l y .  B a f f l e s  i n  the  p o t  break the  l ead  i n t o  f i n e  d r o p l e t s .  The 

d r o p l e t s  a r e  then o x i d i z e d  by an a i r  stream d i r e c t e d  over  t h e  sur face 
o f  the mol ten lead. The r e s u l t i n g  l ead  oxide i s  then conveyed by an 
a i r s t r e a m  t o  a f a b r i c  f i l t e r  f o r  recovery. 
d i s t r i b u t i o n  and apparent d e n s i t y  o f  the ox ide a r e  c o n t r o l l e d  by the  
temperature mainta ined i n  the  p o t  and the  volume and v e l o c i t y  O f  t he  
a i r  stream t h a t  conveys the reac ted  products. Larger  p a r t i c l e s  a r e  
captured i n  a cyclone p r i o r  t o  the  f a b r i c  f i l t e r ,  and passed through a 
hamnermi 11. 
6.2.6 Lead Reclamation 

i s  mel ted and cas t  i n t o  p i g s  f o r  use i n  the  b a t t e r y  manufactur ing 
process. The m e l t i n g  i s  g e n e r a l l y  done i n  a po t - t ype  furnace. 
Reclamation tends t o  be sporadic,  be ing  performed o n l y  when enough 
scrap l ead  i s  a v a i l a b l e  f o r  charging. The emissions f rom the  pot - type 
furnaces tend t o  be minimal. 
6.2.7 Centra l  Vacuum Systems 

general housekeeping purposes. A c e n t r a l  vacuum system i s  a u t i l i t y  
which u s u a l l y  i nc ludes  a fan  and a small baghouse ducted t o  the  
va r ious  work s ta t i ons .  The vacuum connections a t  the work s t a t i o n s  
a r e  used f o r  c lean up as required. I n  several  cases, these u n i t s  have 
been determined t o  be sub jec t  t o  t h e  NSPS on the  grounds t h a t  they 
f a l l  w i t h i n  the  category o f  "o the r  lead e m i t t i n g "  sources. 

6.3 POLLUTION CONTROL DEVICES 

The p a r t i c l e - s i z e  

Lead rec lamat ion i s  a process i n  which r e l a t i v e l y  Clean l e a d  scrap 

Many lead-ac id b a t t e r y  p l a n t s  employ c e n t r a l  vacuum systems f o r  

The a l t e r n a t i v e  c o n t r o l  dev ices a re  i d e n t i f i e d  i n  Table 6-1. The 
a1 t e r n a t i v e s  f o r  l ead  emissions a r e  impingement scrubbers,  f a b r i c  
f i l t e r s ,  and c a r t r i d g e  c o l l e c t o r s .  Recent ly some p l a n t s  have 
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Table 6-1 (Continued) 

Developed us ing i n f o r m a t i o n  f r o m  o r i g i n a l  Background In fo rma t ion  
f o r  Proposed Standards (EPA-450/3-79/028a, November 1979). 
o r i g i n a l  Background I n f o r m a t i o n  f o r  Promulgated Standards 
(EPA-450/3/79/-028b, November 1980). and i n f o r m a t i o n  gathered 
f r o m  i n d u s t r y  through survey l e t t e r s  and p l a n t  v i s i t s ;  rev i sed  
accord ing t o  comnents received f r o m  Battery Counci l  
I n t e r n a t i o n a l  (BCI). 

A small  p l a n t  i s  one w i t h  t h e  capac i t y  t o  produce i n  any one day 
b a t t e r i e s  which would con ta in ,  i n  t o t a l ,  an amount o f  lead equal 
t o  18.1 Mg (20 tons) ;  a medium p l a n t  could product  l ead  equal 
t o  90.7 Mg (100 tons) ;  a l a r g e  p l a n t  could p roduc t  l ead  equal t o  
136.1 Mg (150 tons) .  Th is  i s  based upon an average weight  o f  
l ead  per  b a t t e r y  o f  20 lbs .  

Emissions c o n t r o l l e d  t o  the  l e v e l  o f  t he  standard, i n  comparison 
t o  the u n c o n t r o l l e d  case, except where otherwise noted. 

Impingement-type scrubber ope ra t i ng  a t  a pressure drop o f  about 
1.25 kPa (5 i n  W.G.). 

Pu l se - je t  f a b r i c  f i l t e r  w i t h  a 6 / 1  a i r - t o - c l o t h  r a t i o .  

I t  i s  assumed t h a t  smal l  p l a n t s  have no lead-oxide manufacturing 
f a c i l i t i e s .  

P u l s e - j e t  f a b r i c  f i l t e r  w i th  a 2 / 1  a i r - t o - c l o t h  r a t i o .  

Lead-oxide manufacturing' f a c i l i t i e s  i nc lude  a f a b r i c  f i l t e r  ( 3 / 1  
A / C  r a t i o )  f o r  product  recovery as p a r t  o f  t he  process; t h i s  i s  
presented as uncontro l led.  The c o n t r o l l e d  case represents  a 
w e l l  c o n t r o l l e d  system, which uses a c a r t r i d g e  c o l l e c t o r  o r  a 
f a b r i c  f i l t e r  w i t h  a 2 / 1  A /C  ( a i r - t o - c l o t h )  r a t i o ,  i n  l i e u  o f  a 
3 / 1  A / C  r a t i o  f a b r i c  f i l t e r  t h a t  i s  used o n l y  f o r  economical 
recovery o f  l ead  oxide. For Barton process ox ide p roduc t i on ,  
two systems a re  a v a i l a b l e ;  L i n k l a t e r  and Barton. The Bar ton 
u n i t s  a re  large,  and o n l y  used i n  l a r g e  p lan ts ;  they a l s o  have a 
much s m a l l e r  a i r  f l o w  r a t e  p e r  u n i t  o f  p roduc t i on  than L i n k l a t e r  
systems. Therefore,  f o r  la rge  p lan ts ,  two model p l a n t s  a re  
presented: one using L i n k l a t e r  equipment, and one us ing  Bar ton 
equipment. 

(1) The emissions f r o m  the  f a b r i c  f i l t e r  and c a r t r i d g e  c o l l e c t o r  
c o n t r o l l e d  cases a r e  c a l c u l a t e d  t o  the l e v e l  achievable by these 
systems, which i s  lower than the c u r r e n t  standard. 

( k )  A l l  p l a n t  sizes a r e  assumed t o  have. the same s i z e  rec la im  
f a c i l i t y ,  however, they process d i f f e r e n t  amounts o f  l ead  p e r  
year. 
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Table 6-1 (Continued) 

Emissions from the  format ion process c o n s i s t  o f  H2SO4 mist .  
emission values a r e  based upon the  d r y  fo rma t ion  process, us ing 
a m i s t  e l i m i n a t o r  w i t h  99 percent  c o n t r o l  e f f i c i e n c y  as a 
c o n t r o l  device. 

P u l s e - j e t  c a r t r i d g e  c o l l e c t o r  w i th  a 1.5/1 a i r - t o - f i l t e r - s u r f a c e  
r a t i o .  

Secondary h i g h  e f f i c i e n c y  p a r t i c u l a t e  a i r  f i l t e r  (HEPA) t o  
achieve a d d i t i o n a l  p o l l u t a n t  c o l l e c t i o n  f o l l o w i n g  f a b r i c  f i l t e r s  
o r  c a r t r i d g e  c o l l e c t o r s .  The p o l l u t a n t s  c o l l e c t e d  a r e  those i n  
a d d i t i o n  t o  those c o l l e c t e d  by t h e  pr imary device,  assuming a 
HEPA c o l l e c t i o n  e f f i c i e n c y  o f  99.97 percent.  

(4 )  The "uncon t ro l l ed "  values f o r  the secondary c o l l e c t o r s  a r e  t h e  
c o n t r o l l e d  values f o r  t he  pr imary c o l l e c t o r s ,  which w i l l  vary  
depending upon the  pr imary c o l l e c t o r  used (i.e., f a b r i c  f i l t e r  
o r  c a r t r i d g e  c o l l e c t o r ) .  

(1 )  The 

(n) 

(p) 

( r )  P u l s e - j e t  f a b r i c  f i l t e r  w i t h  a 3.9/1 a i r - t o - c l o t h  r a t i o .  

( s )  P l a n t  s i zes  and exhaust volumes were changed due t o  ECI comnents 
and emission values adjusted acco rd ing l y .  
emissions from the  pas t i ng  l i n e  p o r t i o n  o f  t he  "paste m ix ing "  
process were assumed t o  be equal t o  the u n c o n t r o l l e d  emissions 
f rom t h e  three-process opera t i on  (on a p e r - b a t t e r y  bas is) .  

The u n c o n t r o l l e d  
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i n s t a l l e d  h i g h  e f f i c i e n c y  p a r t i c u l a t e  a i r  (HEPA) f i l t e r s  downstream o f  
t he  p r imary  emission c o n t r o l  f i l t e r  (a "secondary HEPA") t o  f u r t h e r  
c lean the  exhaust a i r  t o  a l l o w  i t  t o  be r e c i r c u l a t e d  through the  work 
area. HEPA f i l t e r s  have a c o l l e c t i o n  e f f i c i e n c y  o f  99.97 percent and 

a re  descr ibed i n  d e t a i l  i n  Reference 1. Th is  reduces cos ts  by 
a l l o w i n g  the  heated exhaust a i r  t o  be r e c i r c u l a t e d  i n  the  w i n t e r  t ime. 
HEPA f i l t e r s  can be a p p l i e d  t o  any o f  t he  f a c i l i t i e s  where the  pr imary 
emission c o n t r o l  dev ice i s  e i t h e r  a f a b r i c  f i l t e r  o r  c a r t r i d g e  
c o l l e c t o r .  S p e c i f i c a l l y ,  they can be used i n  g r i d  cas t i ng ,  paste 
mix ing,  l e a d  ox ide manufacturing, t h e  three-process operat ion,  o r  l ead  
reclamat ion. 

The f a b r i c  f i l t e r s  est imated f o r  t h i s  study were p u l s e - j e t  designs 
w i t h  p o l y e s t e r  f e l t  bags us ing v e n t u r i s  and cages. I t  was est imated 
from da ta  i n  References 2 through 7 t h a t  30 percent  o f  t he  bags would 
r e q u i r e  replacement annually. C a r t r i d g e  c o l l e c t o r s  a r e  s i m i l a r  t o  a 
p u l s e - j e t  baghouse, but  u t i l i z e  a non-woven f i l t e r  media o f  chemical ly  
t r e a t e d  c e l l u l o s e  and s y n t h e t i c  f i b e r s .  The f i l t e r  media a re  p l e a t e d  
t o  increase t h e  f i l t e r i n g  area and t o  reduce the  pressure drop across 
the  f i l t e r  w i t h o u t  s a c r i f i c i n g  the  u n i t  c o l l e c t i o n  e f f i c i e n c y .  Also, 
t he  media a re  formed i n t o  c a r t r i d g e s  t o  a l l o w  easy replacement. The 
c a r t r i d g e s  a r e  cleaned a u t o m a t i c a l l y  d u r i n g  the  o p e r a t i o n  o f  t he  u n i t .  
About 50 percent  o f  the c a r t r i d g e s  a r e  rep laced annua l l y  (Reference 7). 
C a r t r i d g e  c o l l e c t o r s  a re  f i n d i n g  i n c r e a s i n g  a p p l i c a t i o n  i n  lead-ac id 
b a t t e r y  p lan ts .  The average a i r - t o - f i l t e r - s u r f a c e  r a t i o  o f  a 
c a r t r i d g e  c o l l e c t o r  i s  1.5/1. 

scrubbers, p u l s e - j e t  f a b r i c  f i l t e r s ,  p u l s e - j e t  c a r t r i d g e  c o l l e c t o r s ,  
and secondary HEPA f i l t e r s .  I n  Table 6-1, these a r e  denoted as "Wet 
scrubber," "FIF--6/1 A I C . "  "Cart.  col. ." and "Sec. HEPA," 
respec t i ve l y .  

Impingement scrubbers a re  comnonly used t o  c o n t r o l  emissions from 
g r i d  c a s t i n g  machines and furnaces. The u n i t s  a re  r e l a t i v e l y  s m a l l ,  
and have moderate power requirements (1.25 kPa o r  5 i n  W.G.) and low 
water  reaulrements. 

For  g r i d - c a s t i n g  operat ions,  t h e  a l t e r n a t i v e s  i n c l u d e  impingement 
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For paste mix ing,  t h e  a l t e r n a t i v e s  i n c l u d e  p u l s e - j e t  f a b r i c  
f i l t e r s ,  p u l s e - j e t  c a r t r i d g e  c o l l e c t o r s ,  and secondary HEPA f i l t e r s .  
The s p e c i f i c a t i o n s  a re  the  same as those g i ven  above. 

baghouses and scrubbers a re  used t o  c o n t r o l  emissions from paste 
m ix ing  operat ions.  
t h e  m a t e r i a l  charging phase, and t o  a wet c o l l e c t o r  d u r i n g  t h e  f i n a l  
wet m i x i n g  stage. 
reasons why f a b r i c  f i l t e r s  o r  c a r t r i d g e  c o l l e c t o r s  cou ld  n o t  be used 
t o  c o n t r o l  emissions d u r i n g  the  e n t i r e  m i x i n g  Cycle. 

Lead ox ide p roduc t i on  f a c i l i t i e s  employ s e t t l i n g  chambers o r  
cyclones fo l l owed  by a shaker f a b r i c  f i l t e r  ope ra t i ng  a t  a 311 
a i r - t o - c l o t h  ( A I C )  r a t i o  t o  c o l l e c t  t he  product.  The arrangement 
p r o v i d e s  economical product  recovery b u t  does n o t  achieve t h e  requ i red  
NSPS emission rates.  To meet NSPS emission r a t e s  e i t h e r  a second 
f a b r i c  f i l t e r  must be i n s t a l l e d  downstream o f  the product  COlleCtiOn 
f i l ter o r  the  product  c o l l e c t i o n  f i l t e r  must be rep laced w i t h  one w i t h  
a 2 /1  A/C r a t i o  ( F / F - 2 / 1  A/C i n  Table 6-1) o r  another c o n t r o l  dev ice 
o f  s i m i l a r  e f f i c i e n c y .  
emission ra tes ,  a secondary HEPA can be i n s t a l l e d  downstream if i t  i s  
d e s i r e d  t o  r e c i r c u l a t e  the  exhaust. 

For  the  three-process operat ion,  t he  a l t e r n a t i v e  c o n t r o l s  i nc lude  
p u l s e - j e t  f a b r i c  f i l t e r s ,  p u l s e - j e t  c a r t r i d g e  c o l l e c t o r s ,  and 
secondary HEPA f i l t e r s .  The s p e c i f i c a t i o n s  o f  t he  a l t e r n a t i v e s  a r e  as 
PreViOUSly described. Cur ren t l y ,  f a b r i c  f i l t e r s  o r  scrubbers a r e  used 
t o  c o n t r o l  emissions f rom the  three-process operat ion.  M o s t  p l a n t s  
vent  t h e  stacking. burning, and assembly operat ions t o  a comnon d u c t  
before c lean ing  t h e  gases. Other p l a n t s  use a comnon system t o  
c o n t r o l  emlssions from the  three-process opera t i on  and paste mix ing.  

The a l t e r n a t i v e  c o n t r o l  dev ices f o r  l ead  rec lamat ion i nc lude  
impingement scrubbers, p u l s e - j e t  f a b r i c  f i l t e r s ,  p u l s e - j e t  
c a r t r i d g e  c o l l e c t o r s ,  and secondary HEPA f i l t e r s .  The s p e c i f i c a t i o n s  

f o r  these devices a re  as p r e v i o u s l y  discussed. The exhaust stream 
from l e a d  rec lamat ion operat ions i s  s i m i l a r  t o  t h a t  emanating f rom 

C u r r e n t l y .  bo th  

Some p l a n t s  ven t  emissions t o  a baghouse d u r i n g  

However, t h e r e  would appear t o  be no techno log ica l  

Whichever arrangement i s  used t o  meet NSPS 
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g r i d  cast ing.  
operat ions t o  a s i n g l e  c o n t r o l  device. 

a c i d  m is t .  
formation. The format ion model p l a n t  emissions i n  Table 6-1 a r e  based 
on the  d r y  format ion process. 
i r r i g a t e d  m i s t  e l i m i n a t o r  ( "M is t  E l im ina to r , "  i n  Table 6-1) COtISiStfng 
o f  a fan/separator  f o l l owed  by an i n t e g r a l  sho r t  packed Section. 
These u n i t s  t y p i c a l l y  have a 99 percent  removal e f f i c i e n c y  (Reference 

9). 
con tac t i ng  i s  promoted by the turbulence i n  the f a n  which a l s o  ac ts  as 
a c e n t r i f u g a l  separator,  removing t h e  l a r g e r  d rop le ts .  The remaining 
d r o p l e t s  a re  separated by i n e r t i a l  impingement i n  t h e  s h o r t  packed 
sect ion.  AS shown i n  Table 6-1 t h e r e  i s  a l a r g e  q u a n t i t y  o f  a c i d  m i s t  
which d i s s o l v e s  i n  the  scrubbing l i q u o r .  
be fo re  i t  i s  discarded. 

p u l s e - j e t  f a b r i c  f i l t e r  w i t h  a 3.9/1 a i r - t o - c l o t h  r a t i o  (F/F-3.9/1 A / C  
i n  Table 6-1). 

I t  i s  t he re fo re  a comnon p r a c t i c e  t o  vent  these 

As noted e a r l i e r ,  t he  fo rma t ion  process i s  a source of  s u l f u r i c  
Higher emissions a r e  g e n e r a l l y  assoc iated w i th  dry 

The c o n t r o l  dev ice i s  uSUallY an 

The scrubbing l i q u i d  i s  sprayed i n t o  the fan  i n l e t .  Gas - l i qu id  

The l i q u o r  must be t r e a t e d  

For c e n t r a l  vacuum systems, t h e  proposed c o n t r o l  dev i ce  is a 

6.4 COST DATA, METHODOLOGY AND ASSUMPTIONS 
The exhaust stream volumes on which the  c o n t r o l  cos t  est imates a r e  

based a r e  g i ven  i n  Table 6-1. 
by t h e  B a t t e r y  Counci l  I n t e r n a t i o n a l .  The data and the  c a l c u l a t i o n s  
used t o  develop the  f lows i n  Table 6-1 a r e  g iven i n  Reference 10. 
Since the  s i z e  o f  these exhaust streams i s  p a r t i a l l y  a t t r i b u t a b l e  t o  
OSHA standards, t he  cos ts  developed a l s o  p a r t i a l l y  r e s u l t  from the 
OSHA standards. 

c o n t r o l s  i n  new p l a n t  const ruct ion.  
6.4.1 C a p i t a l  Costs 

and i n d i r e c t  cos ts  o f  i n s t a l l a t i o n .  The purchased equipment cos ts  
i nc lude  the  c o s t  o f  major  equipment i tems and a u x i l i a r i e s  such as 
i ns t rumen ta t i on  and the  cos t  o f  taxes and f r e i g h t .  

The volumes a re  based on da ta  supp l i ed  

A l l  costs,  bo th  c a p i t a l  and annual, a r e  based on i n c l u s i o n  o f  

C a p i t a l  cos ts  i nc lude  the purchased equipment cos ts  and the  d i r e c t  

D i r e c t  
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i n s t a l l a t i o n  cos ts  i nc lude  foundat ions,  e rec t i on ,  e l e c t r i c a l ,  p ip ing ,  
and s i m i l a r  charges. 
engineer ing,  superv is ion,  c o n t r a c t o r s '  fees,  and s t a r t - u p  ass is tance 
and tes ts .  

A l l  c a p i t a l  cos ts  i nc lude  ductwork, c o n t r o l  device,  fan, and 
ins t rumen ta t i on  and con t ro l s .  A l l  equipment was est imated i n  carbon 
s t e e l  except t h a t  used i n  format ion,  where p l a s t i c  and StalnleSS Steel  
were used t o  r e s i s t  t h e  a c i d  m i s t .  Hooding was n o t  included. The 
est imates were developed assuming t h a t  OSHA workplace a i r  q U a l i t y  
standards, would r e q u i r e  hoods and t h e r e f o r e  these should n o t  be 
charged a g a i n s t  EPA emissions standards. I f  t h e r e  were no emission 

requirements the  hoods would be ducted d i r e c t l y  t o  a f a n  mounted on 
t h e  b u i l d i n g  roof,  probably  d i r e c t l y  above the  opera t i on ,  which 
d ischarged d i r e c t l y  t o  the atmosphere. 
standards, t he  i n d i v i d u a l  hoods a re  ducted t o  l a r g e  c o l l e c t i n g  duc ts  
which l ead  the  exhaust o f  a l l  t he  hoods f o r  a p a r t i c u l a r  f a c i l i t y  t o  
an emission c o n t r o l  dev ice and fan. 
duc ts  were i nc luded  i n  t h i s  study. 

lengths,  and f i t t i n g s  est imated f o r  each model f a c i l i t y  a re  l i s t e d  i n  
Appendix A. 

t he  carbon Steel  ductwork and Reference 14 f o r  t he  f i b e r g l a s s  
re in fo rced  p l a s t i c  (FRP) s p e c i f i e d  f o r  t he  format ion area. 

Fan cos ts  were est imated us ing  a vendor 's  budget quote 
(Reference 15) f o r  s i zes  up t o  16.200 acfm and References 16 and 17 
f o r  t h e  l a r g e r  s izes.  

quote (Reference 18 and 19). With the  except ion o f  l e a d  ox ide 
manufacture and the  c e n t r a l  vacuum systems, f a b r i c  f i l t e r s  were 
est imated as pu lse  j e t s  us ing a 611 a i r - t o - c l o t h  r a t i o .  
4,000 and 16,000 f t2 o f  f i l t e r i n g  area were est imated us ing  the 
da ta  and procedures i n  Reference 20. Manufacturer 's  quotes, 
References 21  and 22. were used f o r  t h e  s i zes  which a r e  n o t  covered by 
the  c h a r t s  i n  Reference 20. 

I n d i r e c t  charges a r e  those r e s u l t i n g  f rom 

Since the re  a re  emission 

Only the  cos ts  o f  t he  c o l l e c t i n g  

Ouctwork was s i zed  a t  4,500 f t l m i n  (Reference 11). Ouctwork s izes,  

Ductwork costs  were obta ined f r o m  References 12 and 13 f o r  

Wet scrubber cos ts  were est imated from a manu fac tu re r ' s  budget 

Sizes between 



C a r t r i d g e  c o l l e c t o r  cos ts  were est imated from a manu fac tu re r ' s  
budget quotes (References 23 and 25). 
manufacturer 's  quote f o r  HEPA f i l t e r s .  

an i r r i g a t e d  m i s t  e l i m i n a t o r :  budget cos ts  were ob ta ined  f rom the  
manufacturer (References 26 and 27). 
must be t r e a t e d  before i t  leaves the  p l a n t  so these Systems inc lude  a 
carbon s t e e l  storage tank and a p l a s t i c  or s t a i n l e s s  s t e e l  feed pump 
f o r  50 percent  NaOH. Storage tank cos ts  were est imated f rom data i n  
References 28 and 29. 
used t o  est imate the c a u s t i c  feed pump cos t  f o r  t h e  small  and medium 
model f a c i l i t i e s .  Pumps f o r  the medium and l a r g e  f a c i l i t i e s  were 
est imated from data i n  Reference 31. 

o b t a i n  f i r s t  t he  t o t a l  purchased equipment cos t  and then t h e  d i r e c t  
and i n d i r e c t  i n s t a l l a t i o n  cos ts  us ing  procedures and f a c t o r s  i n  
Reference 32. 
i n d i r e c t  i n s t a l l a t i o n  cos ts  were then sumned t o  o b t a i n  the  t o t a l  
c a p i t a l  investment. A d e t a i l e d  example o f  c a p i t a l  c o s t  es t ima t ion  
us ing t h i s  procedure i s  g iven  i n  Appendix 8. An except ion t o  t h i s  
procedure was made f o r  wet scrubbers and p u l s e - j e t  f a b r i c  f i l t e r s  
hand l i ng  l e s s  than approximately 10.000 acfm. These c o n t r o l s  can be 
obta ined w i t h  the  fan, motor, and instruments mounted on the  u n i t  and 
prewired. Th is  s u b s t a n t i a l l y  reduces i n s t a l l a t i o n  costs.  For these 
u n i t s  an i n s t a l l a t i o n  cos t  o f  25 percent  (Reference 20) o f  the 
purchased equipment c o s t  was used. 

P u l s e - j e t  f a b r i c  f i l t e r s  l a r g e r  than about 10.000 acfm and 
c a r t r i d g e  f i l t e r s  do n o t  appear t o  be a v a i l a b l e  as package u n i t s ,  
hence, the f a c t o r s  i n  Reference 32 were used f o r  a l l  i n s t a l l a t i o n s  o f  
these con t ro l s .  

The only bas i c  equipment i tems inc luded i n  the  secondary HEPA 

f i l t e r  I n S t a l l a t i o n S  were t h e  f i l t e r s  and the  f i l t e r  frames. The cos t  
est imates a r e  f o r  standard 24 i n  by 24 i n  by 1M i n  f i l t e r s ,  which a re  
s i zed  a t  1200 acfm per  f i l t e r .  I t  was assumed t h a t  any increase i n  
fan and motor c a p i t a l  cost  r e s u l t i n g  f rom the  low pressure drop ((2 

Reference 24 i s  a 

S u l f u r i c  a c i d  m i s t  i s  removed from a i r  exhausted f rom Potmation by 

The m i s t  e l i m i n a t o r  discharge 

A manu fac tu re r ' s  quote l i s t  (Reference 30) was 

Basic equipment cos ts  ob ta ined  as descr ibed above were f a c t o r e d  t o  

The t o t a l  purchased equipment cos ts  and the  d i r e c t  and 
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I n  H20) would be n e g l i g i b l e .  The C O S t  O f  ductwork was n o t  inc luded 

as a separate item. 
be i n s t a l l e d  c l o s e  t o  the pr imary c o n t r o l  dev ice the small  amount o f  
ductwork r e q u i r e d  would be covered by t h e  i n s t a l l a t i o n  c o s t  f ac to rs .  
Factors  f rom Reference 32 were used t o  e s t a b l i s h  the i n S t a l l a t l O n  c o s t  

and the  t o t a l  c a p i t a l  investment f o r  HEPA f i l t e r s .  
A l l  c a p i t a l  cos ts  a re  on a second q u a r t e r  1988 basis.  Where 

necessary, cos ts  were adjusted t o  second q u a r t e r  1988 us ing the cos t  
i n d i c e s  pub l i shed  i n  Chemical Engineering. 

were: 

I t  was assumed t h a t  s i n c e  t h e  HEPA f i l t e r s  would 

The s p e c i f i c  i n d i c e s  used 

Index 
Fans Process Machinery 
Motors E l e c t r i c a l  Equipment 
Fabr i c  F i l t e r s  Process Equipment 
Storage Tanks Process Equipment 

Costs c a l c u l a t e d  as descr ibed above should have study est imate 
accuracy o f  about - + 30 percent. 

a l lowance f o r  instruments,  b u t  i n d i v i d u a l  inst ruments a r e  n o t  broken 
out. 
scrubbing system, a mon i to r i ng  dev ice be i n s t a l l e d  t h a t  measures and 
records t h e  pressure drop across the  scrubbing system a t  l e a s t  once 
every 15 minutes. A d i f f e r e n t i a l  pressure t r a n s m i t t e r  and a remote 
(If desi red)  24-hour c i r c u l a r  c h a r t  recorder  t o  accomplish t h i s  task 
have a t o t a l  purchased c o s t  o f  $2,000 (Reference 33 f o r  t h e  recorder ,  
Reference 34 f o r  t h e  t ransmi t te r ) .  
dependent on t h e  p a r t i c u l a r  s i t u a t i o n  b u t  might  range from $400 t o  
$2,000. Annual ope ra t i ng  cos ts  would be minimal. 

6.4.2 Annual Costs 

charges, which a re  t h e  d i r e c t  cos ts  o f  o p e r a t i n g  the  equipment and 
i n d i r e c t  cos ts  most o f  which a r e  f i x e d  and accrue whether the 
equipment i s  ope ra t i ng  o r  not. D i r e c t  o p e r a t i n g  cos ts  i n c l u d e  

opera t i ng  and maintenance labo r ,  maintenance m a t e r i a l s ,  replacement 

The f a c t o r s  used t o  e s t a b l i s h  t o t a l  c a p i t a l  investment i nc lude  an 

The NSPS requ i res  t h a t  f o r  any sub jec t  f a c i l i t y  c o n t r o l l e d  by a 

I n s t a l l a t i o n  costs  would be h i g h l y  

C a p i t a l  cos ts  f o r  a l l  c o n t r o l s  a re  g i ven  i n  Tables 6-2 through 6-10. 

Annual cos ts  a r e  the sum o f  d i r e c t  o p e r a t i n g  and maintenance 
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TABLE 6-2. CAPITAL COST: FOR CONTROL OF G R I D  CASTING 
FURNACE AN0 MACHINE 

New Const ruc t ion  - Second quar te r  1988 d o l l a r s  

Cost ( thousand $1 
P l a n t  s i z e  

Cont ro l  dev ice and bas i c  equipment Small Medium Large 

Wet scrubber 

Scrubber, fan,  motor 
Ouctwork 
F re igh t ,  taxes, inst ruments 
Purchased equipment cos t  

To ta l  c a p i t a l  investmenta 

Fabr i c  f i l t e r  

Fabr ic  f i l t e r ,  fan,  motor 
Ductwork 
F re igh t ,  taxes, inst ruments 
Purchased equipment cos t  

To ta l  c a p i t a l  investmenta 

Car t r i dge  c o l l e c t o r  

Car t r i dge  c o l l e c t o r  
Fan and motor 
Ductwork 
F re igh t ,  taxes, inst ruments 
Purchased equipment c o s t  

To ta l  c a p i t a l  investmenta 

Secondary HEPA f i l t e r  

HEPA f i l t e r  
F re igh t .  taxes, inst ruments 
Purchased equipment cos t  

To ta l  c a p i t a l  investmenta 

12.2 27.7 
4.9 10.8 
3.1 6.9 
20.2 45.4 

25.Zb 86.7 

16.1 41.0 
4.9 10.8 
3.8 9.3 
24.8 61.1 

31.0b 132.6 

12.8 36.6 
3.5 9.0 
4.9 10.8 

10.2 
25.0 66.6 

- 3.8 - 

54.1 144.5 

4.8 14.5 

56.0 
12.8 
12.4 
81.2 

155.0 

64.3 
12.8 
13.9 
91.0 
- 
197.4 

46.4 
20.7 
12.8 
14.4 
94.3 
204.6 

9.5 
1.7 
1iX 
24.4 

aThe i n s t a l l a t i o n  cost ,  which i s  t h e  d i f f e r e n c e  between t h e  purchased 
equipment cos t  and t h e  t o t a l  c a p i t a l  investment,  was ca l cu la ted  as t h e  
sum o f  f a c t o r s  o f  t h e  purchased equipment cost ,  as descr ibed i n  
Reference 32 and shown i n  Appendix B. 

t h e  smal l  p l a n t  f o r  t h i s  f a c i l i t y  because they can be ob ta ined as 
packaged un i t s ,  

b I n s t a l l a t i o n  cos ts  a r e  low f o r  t h e  wet scrubber and f a b r i c  f i l t e r  f o r  
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TABLE 6-3. CAPITAL COST: FOR CONTROL OF PASTE MIXING 

New Cons t ruc t i on  - Second q u a r t e r  1988 d o l l a r s  

Cost (thousand $1 
P l a n t  s i z e  

Con t ro l  dev ice and bas i c  equipment h a l l  Med i um Large 

Fabr i c  f i l t e r  

Fabr i c  f i l t e r ,  fan, motor 36.5 102.7 143.6 
Ductwork 0.9 9.8 21.5 - - - - .. - . . . 
F r e i g h t ,  taxes, inst ruments 
r :chased equipment c o s t  

.~~ 
8.2  20.3 m 1323 

29.7 
1 K B  

T o t a l  c a p i t a l  investmenta 116.3 288.3 422.8 

C a r t r i d g e  c o l l e c t o r  

C a r t r i d g e  c o l l e c t o r  
Fan and motor 
Ductwork 
F r e i g h t ,  taxes, inst ruments 
Purchased equipment c o s t  

28.0 83.1 102.0 
7.0 21.0 26.8 
0.9 9.8 21.5 
7.9 20.5 

51.8 134.4 
27.1 

177-X 

T o t a l  c a p i t a l  investmenta 112.5 291.8 384.9 

Secondary HEPA f i  1 t e r  

HEPA f i l t e r  4.1 17.7 25.8 
F r e i g h t ,  taxes, lnst ruments 0.7 3.2 4.6 
Purchased equipment cos t  T 3  2 0 3  37x7 

T o t a l  c a p i t a l  investmenta 10.6 45.2 66.1 

aThe i n s t a l l a t i o n  cost ,  which i s  t h e  d i f f e r e n c e  between the  purchased 
equipment c o s t  and the  t o t a l  c a p i t a l  investment,  was c a l c u l a t e d  as the  
sum o f  f a c t o r s  o f  t he  purchased equipment cost ,  as descr ibed i n  
Reference 32 and shown i n  Appendix 8. 
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TABLE 6-4. CAPITAL COST: FOR CONTROL OF LEAD O X I D E  MANUFACTURING 

New Const ruc t ion  - Second quar te r  1988 d o l l a r s  

Cont ro l  dev ice  and bas i c  equipment 

Cost (thousand $)a 
P l a n t  s i z e  

Large. Seven Large. Two 
L i t i k i a t e r  Ba i ton  

Medium Systems Sys tems  

Fabr i c  f i l t e r  2 / 1  A/Cb 

Incremental  cos t  f a b r i c  f i l t e r  
Incremental  f r e i g h t ,  taxes, ins t ruments  
Incremental  purchased equipment c o s t  

Incremental  c a p i t a l  investmente 

Car t r i dge  c o l l e c t o r  1.5/1 A/Cb 

Incremental  c o s t  c a r t r i d g e  c o l l e c t o r  
Incrementa l  f r e i g h t ,  taxes, ins t ruments  
Incremental  purchased equipment c o s t  

Incremental  c a p i t a l  investmente 

Fabr i c  f i l t e r  3 / 1  A/Cc  

Fabr i c  f i l t e r  
Fan and Motor 
Ouctwork 
F r e i g h t ,  taxes, inst ruments 
Purchase equipment cos t  

To ta l  c a p i t a l  investmente 

Secondary HEPA f i  1 t e r d  

HEPA f i l t e r  
F re igh t ,  taxes, inst ruments 
Purchased equipment-cost  

T o t a l  c a p i t a l  investmente 

31.0 70.1 
5.6 12.6 m 82.7 

79.5 179.5 

(70.2) (117.5) 

72.8 103.9 
20.7 43.0 
12.2 15.3 ~~ ~ 

19.0 29.2 
124.7 191.4 

270.8 415.3 

10.7 14.8 
2.7 m 17.5 
- 1.9 

27.4 37.9 

16.8 
3.0 

19.8 

42.9 

_. 

# 
(32.5) 

44.2 
7.6 
9.4 

11.0 
72.2 

156.8 

6.2 
1.1 
7 3  

15.9 

See foo tno tes  on f o l l o w i n g  page 
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TABLE 6-4. CAPITAL COST: FOR CONTROL OF LEAD OXIDE MANUFACTURING (cont.) 

aNurnbers i n  pa ren thes i s  a re  c r e d i t s .  
bThe u n c o n t r o l l e d  case i n  lead ox ide  manufacture i s  a p u l s e - j e t  f a b r i c  f i l t e r  
w i t h  a 3 / 1  A / C  r a t i o  which w i l l  p rov ide  economical p roduc t  c o l l e c t i o n  b u t  w i l l  
n o t  meet NSPS emission requirements. S u b s t i t u t i n g  e i t h e r  a p u l s e - j e t  f a b r i c  
f i l t e r  w i t h  a 2/1  A I C  r a t i o  o r  a c a r t r i d g e  c o l l e c t o r  f o r  t he  3 / 1  A I C  r a t i o  
p u l s e - j e t  f i l t e r  w i l l  p rov ide  b o t h  p roduc t  c o l l e c t i o n  and emissions t h a t  meet 
NSPS standards a t  these incremental c a p i t a l  costs. 

CThis i s  t he  u n c o n t r o l l e d  case which w i l l  p r o v i d e  economical product  c o l l e c t i o n  
b u t  w i l l  n o t  meet NSPS emission requirements, see f o o t n o t e  b. 

dCosts shown a re  those f o r  i n s t a l l i n g  a HEPA f i l t e r  downstream o f  e i t h e r  a 211 
A/C p u l s e - j e t  f a b r i c  f i l t e r  o r  a c a r t r i d g e  c o l l e c t o r .  

eThe i n s t a l l a t i o n  cos t ,  which i s  t he  d i f f e r e n c e  between t h e  purchased equipment 
c o s t  and t h e  t o t a l  c a p i t a l  investment, was c a l c u l a t e d  as the  sum o f  f a c t o r s  o f  
t h e  purchased equipment cost ,  as descr ibed i n  Reference 32 and shown i n  
Appendix E. 
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TABLE 6-5. CAPITAL COST: FOR CONTROL OF THREE PROCESS OPERATION 

New Cons t ruc t i on  - Second q u a r t e r  1988 d o l l a r s  

Cost ( thousand $1 
P l a n t  s i z e  

Contro l  dev ice and bas i c  equipment h a 1 1  Medi um Large 

Fabr i c  f i  1 t e r  

Fabr i c  f i l t e r  
Fan. motor 
Ouctwork 

32.0 130.0 206.1 
9.4 32.5 55.2 

11.4 23.3 29.3 
F r e i g h t ,  taxes, inst ruments 9.5 33.4 
Purchased equipment c o s t  % m 52.3 

372-3 

T o t a l  c a p i t a l  investmenta 135.3 475.6 774.1 

C a r t r i d g e  c o l l e c t o r  

C a r t r i d g e  c o l l e c t o r  
Fan and motor 
Ouctwork 

41.7 126.0 177.9 
9.4 32.5 55.2 

11.4 23.3 29.3 
F r e i g h t ,  taxes, 1 nstruments 11.3 32.7 
Purchased equipment c o s t  m 214.5 

47.2 m 
T o t a l  c a p i t a l  investmenta 160.1 465.5 671.9 

Secondary HEPA f i  1 t e r  

HEPA f i l t e r  5.9 30.9 43.5 
1.1 5.6 7.8 

36.5 51.3 F r e i g h t ,  taxes, instruments - 
Purchased equipment c o s t  7.0 

To ta l  c a p i t a l  investmenta 15.1 79.2 111.3 

aThe i n s t a l l a t i o n  cost ,  which i s  t h e  d i f f e r e n c e  between the  purchased 
equipment c o s t  and the  t o t a l  c a p i t a l  investment, was c a l c u l a t e d  as the  
sum o f  f a c t o r s  o f  the purchased equipment cost ,  as descr ibed i n  
Reference 32 and shown i n  Appendix 8. 
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TABLE 6-6. CAPITAL COST: FOR CONTROL OF LEAD RECLAMATIONa 

New Cons t ruc t i on  - Second q u a r t e r  1988 d o l l a r s  

Con t ro l  dev i ce  and b a s i c  equipment Cost (thousand b) 

Wet scrubber 

Scrubber, fan,  motor 
Ductwork 
F r e i g h t ,  taxes, inst ruments 
Purchased equipment cost  

To ta l  c a p i t a l  investmentb 

F a b r i c  f i l t e r  

Fabr i c  f i l t e r ,  fan.  motor 
Ductwork 
F re igh t ,  taxes, instruments 
Purchased equipment cost  

T o t a l  c a p i t a l  investmentb 

C a r t r i d g e  c o l l e c t o r  

C a r t r i d g e  c o l l e c t o r  
Fan, motor 
Ductwork 
F r e i g h t ,  taxes, inst ruments 
Purchased equipment cost  

T o t a l  c a p i t a l  investmentc 

Secondary HEPA f i l t e r  

HEPA f i l t e r  
F re igh t ,  taxes, instruments 
Purchased equipment cost  

T o t a l  c a p i t a l  investmentc 

17.4 
7.3 
4.5 
23-z 
36.5 

23.1 
7.3 
5.5 m 

44.9 

24.8 
5.2 
7.3 
6.8 

44.1 
- 
95.7 

3.6 
0.7 
4.3 

9.3 

a A l l  p l a n t  s i zes  a re  assumed t o  have t h e  same s i z e  rec lamat ion 

b I n s t a l l a t i o n  cos ts  a r e  low f o r  these dev ices because they can be 

cThe i n s t a l l a t i o n  c o s t ,  which i s  t he  d i f f e r e n c e  between the  purchased 

f a c i l i  t y .  

obta ined as packaged un i t s .  

equipment c o s t  and t h e  t o t a l  c a p i t a l  investment, was c a l c u l a t e d  as t h e  
sum o f  f a c t o r s  o f  t h e  purchased equipment cost ,  as descr ibed i n  
Reference 32 and shown i n  Appendix 8. 
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TABLE 6-7. CAPITAL COST: FOR CONTROL OF PASTE M I X I N G  
PLUS THREE PROCESS OPERATION BY SAME DEVICE 

New Const ruc t ion  - Second quar te r  1988 d o l l a r s  

C o s t  (thousand $1 
P l a n t  s i z e  

Cont ro l  dev ice  and b a s i c  equipment %!all Medi um Large 

Fabr i c  f i l t e r  

Fabr ic  f i l t e r  
Fan, motor 
ouc t  

48.6 240.1 370.0 

22.4 40.1 63.5 
33.0 53.5 82.0 

Fre igh t ,  taxes, inst ruments 18.7 60.0 92.8 
Purchased equipment c o s t  m 193.7 608.3 
Tota l  c a p i t a l  investmenta 266.5 854.1 1,319.9 

Car t r i dge  c o l l e c t o r  

Car t r i dge  c o l l e c t o r  
Fan and m o t o r  

51.7 184.0 276.0 
33.0 53.5 82.0 - - - _ _ _  .. . 

Fre igh t ,  taxes, inst ruments 22.4 40.1 63.5 
75.9 - Purchased equipment c o s t  19.3 50.0 

126.4 327.6 497.4 

T o t a l  c a p i t a l  investment 274.3 710.6 1,079.2 

Secondary HEPA f i  1 t e r  

HEPA f i l t e r  9.8 45.2 69.3 
Fre igh t ,  taxes, inst ruments 
Purchased equipment c o s t  

1.8 
11.6 
- a. 1 

53.3 
12.5 
81.8 

T o t a l  c a p i t a l  investment 25.1 115.6 177.4 

"The i n s t a l  l a t i o n  cos t ,  which i s  t h e  d i f f e r e n c e  between t h e  purchased 
equipment cos t  and the  t o t a l  c a p i t a l  investment, was c a l c u l a t e d  as t h e  
sum o f  f a c t o r s  o f  t h e  purchased equipment cost ,  as descr ibed i n  
Reference 32 and shown i n  Appendix 8. 
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TABLE 6-8. CAPITAL COST: FOR CONTROL OF G R I D  CASTING 
PLUS LEAD RECLAMATION BY SAME D E V I C E  

New Cons t ruc t i on  - Second q u a r t e r  1988 d o l l a r s  

Cost (thousand $1 
P l a n t  s i z e  

Con t ro l  dev i ce  and bas i c  equipment h a l l  Med i um Large 

Wet scrubber 

Scrubber, fan,  motor 
Ductwork 
F r e i g h t ,  taxes, inst ruments 
Purchased equipment c o s t  

T o t a l  c a p i t a l  investmenta 

Fabr i c  f i l t e r  

F a b r i c  f i l t e r  
Fan. motor 
Ductwork 
F r e i g h t ,  taxes, inst ruments 
Purchased equipment c o s t '  

T o t a l  c a p i t a l  investmenta 

C a r t r i d g e  c o l l e c t o r  

C a r t r i d g e  c o l l e c t o r  
Fan and motor 
Ductwork 
F r e i g h t ,  taxes, inst ruments 
Purchased equipment c o s t  

T o t a l  c a p i t a l  investmenta 

Secondary HEPA f i l  t e r  

HEPA f i l t e r  
F r e i g h t ,  taxes, instruments 
Purchased equipment cos t  

T o t a l  c a p i t a l  investmenta 

21.4 
13.3 

6.2 m 
78.2 

28.4 
b 

13.3 
7.5 

49.2 

106.7 

26.2 
6.6 

13.3 
8.3 

54.4 

118.2 

- 

4.9 
0.9 
5 3  

12.7 

56.0 66.0 
20.3 22.2 
13.7 15.9 m 104.1 

172.0 198.8 

37.6 47.6 
22.0 40.0 
20.3 22.2 
14.4 19.8 

94.3 129.6 

204.7 281.0 

45.4 57.0 
22.0 40.0 
20.3 22.2 
15.8 21.5 
103.5 ,140.7 
224.7 305.2 

10.7 14.8 
2.7 m 17.5 
- 1.9 

27.4 37.9 

aThe i n s t a l l a t i o n  cost,  which i s  t h e  d i f f e r e n c e  between the  purchased 
equipment c o s t  and the  t o t a l  c a p i t a l  investment,  was c a l c u l a t e d  as the  
sum o f  f a c t o r s  o f  t he  purchased equipment cost ,  as descr ibed i n  
Reference 32 and shown i n  Appendix B. 

b F i l t e r  p r i c e  i nc ludes  the fan  and motor. 
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TABLE 6-9. CAPITAL COST: FOR CONTROL OF FORMATION 

New Const ruc t ion  - Second quar te r  1988 d o l l a r s  

Cost (thousand $1 
P l a n t  s i z e  

Cont ro l  dev ice  and b a s i c  equipment Small Medium Large 

M i s t  e l i m i n a t o r  

M i s t  e l i m i n a t o r ,  fan,  motor 59.1 224.0 363.6 
Ouctwork 19.3 60.2 107.4 
Stack 1.0 3.1 7.7 
Caust ic  storage tank 50.0 66.5 77.5 
Caust ic  Dump 5.1 0.7 0.7 
F r e i g h t  ,. taxes, i ns t rumen t s  24.2 63.8 
Purchased equipment cos t  m m 100.2 

657.1 
T o t a l  c a p i t a l  investmenta 302.9 798.8 1,255.2 

aThe i n s t a l  l a t i o n  cost ,  which i s  t h e  d i f f e r e n c e  between t h e  purchased 
equipment c o s t  and t h e  t o t a l  c a p i t a l  investment, was c a l c u l a t e d  as t h e  
sum o f  f a c t o r s  o f  t h e  purchased equipment cost ,  as  descr ibed i n  
Reference 32 and shown i n  Appendix B. 
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TABLE 6-10. CAPITAL COST: FOR CONTROL OF CENTRAL VACUUM SYSTEM 

New Cons t ruc t i on  - Second q u a r t e r  1988 d o l l a r s  

Con t ro l  dev i ce  and b a s i c  equipment Cost (thousand 6) 
P l a n t  Size 

Small Med i um Large 

Fabr i c  f i l t e r  

Fabr i c  f i l t e r ,  fan.  motor 
Ouc two r k  
Stack 
F r e i g h t ,  taxes, instruments 
Purchased equipment c o s t  

T o t a l  c a p i t a l  investmenta 

7.2 18.3 22.6 
0.7 2.0 3.0 
1.0 1.2 1.2 
1.6 3.9 4.8 
Tb;3 25.4 31;6 

13.2 31.7 39.4 

a I n s t a l l a t i o n  cas ts  a r e  low because t h e  f i l t e r  can be obta ined as a 
packaged u n i t .  
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TABLE 6-11. UNIT COSTS USE0 FOR ESTIMATING 
CONTROL SYSTEM ANNUAL COSTS 

Second q u a r t e r  1988 d o l l a r s  

Annual c o s t  i t e m  U n i t  c o s t  ( c r e d i t )  

D i r e c t  Annual Costsa 

Operat ing laborb  
Superv is ion  
Maintenance labo rC  
Maintenance ma te r ia l sd  
E l e c t r i c i  tye 
Compressed a i r f  
Scrubber water9 
Caust ic  soda, 50% l i q u i d h  

I n d l r e c t  Annual Costs 

Overheadf 

Proper ty  taxesf  

Insurancef 

Admi n i s t r a  t i onf 

Cap i ta l  recovery1 

$11.33/hour 
15 percent  o f  opera t ing  l abo r  
$12.46/hour 
Equal t o  maintenance labo r  
$0.07/kwh 
$0.16/1.000 S C f  
$0.25/1,000 g a l  
$225 .oo/ t o n  

60 percent  o f  t h e  sum o f  
opera t ing ,  superv isory ,  and 
maintenance l a b o r  p l u s  
maintenance m a t e r i a l s  
1 percent  o f  t o t a l  c a p i t a l  
investment 
1 percent  o f  t o t a l  c a p i t a l  
investment 
2 percent  o f  t o t a l  c a p i t a l  
investment 
CRF x ( t o t a l  c a p i t a l  investment)  

Recovery C r e d i t s  

L e a d  
Fuel gask 

($0.37/lb 
($3.80/10 b B t u ) l  

aAnnual c o n t r o l  cos ts  a re  based on 6000 annual ope ra t i ng  hours f o r  a l l  
f a c i l i t i e s  w i t h  t h e  except ion o f  lead  rec lamat ion where 2000, 4000, and 
6000 annual opera t ing  hours were used f o r  t h e  smal l ,  medium and l a r g e  
f a c i l i t i e s  respec t ive ly .  

bReference 35. 
CComputed as 10 percent  over Operat ing Labor - Reference 20. 
dComputed as 100 percent  o f  Maintenance Labor - Reference 20. 
eReference 36. 
fReference 20. 
BReference 37. 
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TABLE 6-11. UNIT COSTS USE0 FOR ESTIMATING 
CONTROL SYSTEM ANNUAL COSTS (cont.) 

hReference 49; c o s t  i s  on a 100% c a u s t i c  soda bas is ;  73% Na20. 
i ( l + i  ) n  iCRF = 
(1+i ) n-1 

where i = i n t e r e s t  r a t e .  Ten percent  was used i n  t h i s  s tudy i n  

n = t h e  economic l i f e  o f  t h e  i n s t a l l a t i o n  i n  years. 
accordance w i th  O f f i c e  o f  Management and Budget gu ide l ines .  

JReference 30. 
kReferences 39. 40. 
lNurnbers i n  pa ren thes i s  a re  c r e d i t s .  
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p a r t s ,  u t i l i t i e s ,  and superv is ion.  
taxes, insurance, a d m i n i s t r a t i v e  charges, and c a p i t a l  recovery.  U n i t  
annual cos ts  and t h e i r  sources are l i s t e d  i n  Table 6-11. Examples o f  
t h e  c a l c u l a t i o n  o f  annual costs  a r e  g i ven  i n  Appendix C. A l l  annual 
c o s t  charges a re  current .  

I n fo rma t ion  on t h e  number o f  ope ra t i ng  and maintenance man-hours 
requ i red  t o  operate f a b r i c  f i l t e r s  and wet scrubbers was ob ta ined f rom 
Sect ion  114 l e t t e r s  (References 2 through 7). 
t h e  response l e t t e r s  and the values chosen f o r  use i n  t h i s  study are  
g iven below: 

I n d i r e c t  charges a re  overhead, 

The ranges g iven i n  

Man-hours/week 
Operat i ng Maintenance 

Range t h i s  Study Range t h i s  Study 
Used i n  Used i n  

Wet scrubber 0-2 1 2-6 4 
Fabr i c  f i l t e r  0-3 2 0.5-5 5 
Car t r i dge  c o l l e c t o r  - 2.5 - 4 
HEPA f i l t e r  - 2 - 2 

Reference 7 prov ided t h e  va lues f o r  opera t ing  and maintenance man- 
hours f o r  c a r t r i d g e  c o l l e c t o r s ;  t h e  est imates f o r  t h e  HEPA f i l t e r s  
were f rom data i n  References 2 .  4 .  and 5.  It was es t imated t h a t  100 

percent  o f  the  HEPA f i l t e r  media would have t o  be rep laced annua l l y  
(Reference 41) and t h a t  50 percent  of the  c a r t r i d g e  c o l l e c t o r  
c a r t r i d g e s  would be rep laced annual ly .  Data i n  References 2 through 7 
a l s o  prov ided t h e  es t imate  t h a t  30 percent  o f  the  f a b r i c  f i l t e r  bags 
would be rep laced annual ly .  HEPA f i l t e r  d isposal  cos ts  were n o t  
inc luded i n  t h e  annual cos t  ca l cu la t i on .  F o r  d isposa l  i n  a hazardous 
waste l a n d f i l l  t h e  cos t  cou ld  be 1 t o  30 / ( c fm) (y r )  (References 50 and 
51).  
t h e  annual d isposa l  cos t  would be $200 t o  $600, smal l  i n  comparison 
w i t h  t h e  o the r  HEPA f i l t e r  cos ts  (and c r e d i t s ) .  

over  t h e  economic l i f e  o f  the  c o n t r o l  system which r e t u r n  the  c a p i t a l  

For  a t y p i c a l  f i l t e r  f o r  a medium-sized p l a n t  hand l ing  20,000 acfm 

Cap i ta l  recovery i s  the  s e r i e s  o f  equal annual payments spread 
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investment  p l u s  I n t e r e s t .  I t  1 s  c a l c u l a t e d  
C a p i t a l  Recovery Fac tor  (CRF) and t h e  t o t a l  

where 
I D t h e  i n t e r e s t  r a t e  
n I t h e  economlc l i f e  

For  t h i s  s tudy a l l  c o n t r o l  systems were 

as t h e  produc t  o f  t h e  
c a p l t a l  Investment.  i.e., 

est imated t o  have an 

economlc l i f e  o f  10 years. 
accordance w i t h  O f f i c e  o f  Management and Budget (OMB) gu ide l lnes .  

t h e  u n i t  annual cos t  f o r  lead shown on Table 6-11 was used t o  
c a l c u l a t e  t h e  c r e d l t  for the  recovered lead  when c a l c u l a t i n g  t h e  
annual costs.  S i m l l a r l y .  t h e  u n l t  c o s t  f o r  f u e l  gas was used t o  
determine t h e  c r e d i t  f o r  the  energy recovered when heated exhaust a i r  
was recyc led  v l a  a HEPA f i l t e r  (see  below). 

a r e  approx imate ly  as accurate as t h e  c a p i t a l  costs ,  t h a t  Is 2 30 percent.  

6.5 ANNUAL CONTROL COSTS 

An i n t e r e s t  r a t e  o f  10 percent  was used i n  

Lead recovered by  t h e  c o n t r o l  dev lces  1 s  recyc led  t o  a Smelter; 

The annual cos ts  ca l cu la ted  us ing  t h e  u n i t  cos ts  descr lbed above 

Annual c o n t r o l  cos ts  a re  d e t a l l e d  by  e m l t t i n g  f a c l l l t y  and c o n t r o l  
dev ice  I n  Tables 6-12 through 6-20. A l l  cos ts  were based on 24 hours/day, 
5 dayslweek, 50 weekslyear opera t lon ,  which Is equ lva len t  t o  
6.000 hours pe r  year. 

Comparing f a b r i c  f l l t e r s '  annual cos ts  w i t h  those f o r  c a r t r i d g e  
c o l l e c t o r s  shows t h a t  I n  the  smal le r  s i zes  ( G r i d  cas t i ng ,  Table 6-12) 
t h e  cos ts  a re  comparable w l t h l n  study es t imate  accuracy. The lower  
e l e c t r i c  power c o s t  r e s u l t l n g  f rom t h e  lower  pressure drop o f f e r e d  by  
t h e  c a r t r i d g e  c o l l e c t o r  versus a f a b r l c  f l l t e r  p a r t l a l l y  o f f s e t s  t h e  
h i g h e r  c a p l t a l  recovery charges r e s u l t l n g  from the  c a r t r l d g e  
c o l l e c t o r ' s  h lghe r  I n s t a l l a t l o n  cost. I n  the  l a r g e r  s izes  c a r t r i d g e  
c o l l e c t o r s  have a somewhat lower  c a p i t a l  c o s t  than f a b r i c  f i l t e r s  ( s e e  
Table 6-5) .  The lower  c a p i t a l  recovery c o s t  combined w i t h  the  lower  
energy consumptlon prov ldes  a s i g n l f i c a n t l y  lower annual cos t  (e.g., 
see Three-Process Operat ion,  Table 6-16). 
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TABLE 6-19. ANNUAL COST: FOR CONTROL OF FORMATION 

New Const ruc t ion  - Second q u a r t e r  1988 d o l l a r s  

Cost  (thousand d o l l a r s )  
M i s t  e l i m i n a t o r  

P lan t  s i z e  
m a l  1 med i um 1 arge 

~ 

D i r e c t  Annual Cost 

Opera t ing  l a b o r  1.7 
Superv is ion  0.3 
Maintenance l a b o r  3.1 
Maintenance m a t e r i a l s  3.1 
Sodi um hyd rox l  dea 414.0 
U t i  1 i t i e s  

E l  ec t r i  c i  t y b  20.0 
Scrubber waterC 1.4 

I n d i r e c t  Annual Costs 

Overhead 4.9 
Proper ty  t a x  3.0 
Insurance 3.0 
A d m i n i s t r a t i o n  6.1 
C a p i t a l  recovery 49.3 

T o t a l  Annual Costd 509.8 

2.3e 
0.3e 

.5.6e 
5.6e 

1,980.0 

84.0 
10.8 

8.3 
8.0 
8.0 

16.0 
130.0 

2,258.8 

3.4e 
0 . P  
9.3e 
9.3e 

2,680.0 

131.3 
18.0 

13.6 
12.6 
12.6 
25.1 

204.2 

3,119.9 
~~ ~ 

aAs 50 percent  s o l u t i o n  (Reference 49). 
bPressure drops used t o  c a l c u l a t e  power consumption were, i n  inches o f  

cScrubber water  consumption p e r  manufac turer ' s  recomnendation -- see 

dColumns may n o t  add e x a c t l y  t o  t o t a l  due t o  roundlng. 
eLarge model f a c i l i t y  requ i red  two scrubbers i n  p a r a l l e l ;  opera t ing  and 

water:  
r e s p e c t i v e l y ,  scrubber 2.0. 

Reference 26. 

maintenance l a b o r  were thus increased. 

ductwork 3.6, 2.7, and 2.9 f o r  t h e  smal l ,  medium, and l a r g e  p l a n t s  
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TABLE 6-20.  ANNUAL COST: FOR THE CONTROL OF CENTRAL VACUUM SYSTEM 

New Const ruc t ion  - Second quar te r  1988 d o l l a r s  

P l a n t  S i ze  

Cost (thousand d o l l a r s )  
Fabr i c  f i l t e r  ~~ ~ 

Small Medi um Large 

D i r e c t  Annual Cost 

Operat ing l a b o r  
Superv is ion 
Maintenance labo r  
Maintenance m a t e r i a l s  
F i l t e r  media 
U t i 1  i t i e s  

E l e c t r i c i  tya 
Compressed a l r b  

I n d i r e c t  Annual Costs 

Overhead 
Proper ty  t a x  
Insurance 
Adml n i  s t r a t i  on 
C a p i t a l  recovery 

T o t a l  Annual Costd 

1.1 
0 . 2  
3.1 
3.1 

C 

1.3 
0.1 

4.5 
0.1 
0.1 
0.3 
2.1 

16.1 

3.8 5.7 
0.3 0.5 

4.5 4.5 
0 .3  0 . 4  
0 .3  0 . 4  
0.6 0.8 
5.2 6.4 

22.7 26.4 
~ _ _ _ _ _ _ _ ~  ~ 

aPressure drops used t o  c a l c u l a t e  power consumption were, i n  inches o f  

bCompressed a i r  usage est imated a t  2 scfm/1.000 acfm fed t o  t h e  f i l te r  -- 
%aunt i s  l e s s  than $50. 
dColumns may n o t  add e x a c t l y  t o  t o t a l  due t o  rounding. 

water:  ductwork 21.2, 9.7, and 9.7 f o r  the  smal l ,  medium, and l a r g e  
p l a n t s  respec t i ve l y ,  f i l t e r  7.5. 

see Reference 20. 
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Lead ox ide  manufactur ing f a c i l i t i e s  i nc lude  a p u l s e - j e t  f a b r i c  
f i l t e r  ope ra t i ng  a t  3 / 1  A /C  r a t i o  f o r  p roduc t  recovery. 

t h i s  represents  t h e  u n c o n t r o l l e d  case. Emission c o n t r o l  can be 
achieved by sw i t ch ing  t o  a 2 / 1  A / C  r a t i o  p u l s e - j e t  f i l t e r  ( o r  t o  
aoather c o n t r o l  dev i ce  o f  s i m i l a r  e f f i c i e n c y )  f o r  use as the  product  

recovery f i l t e r .  Table 6-14 shows t h e  annual incremental  Cost f o r  
ope ra t i ng  e i t h e r  a 2 / 1  A / C  p u l s e - j e t  f i l t e r  o r  a c a r t r i d g e  c o l l e c t o r  
r a t h e r  than 3 / 1  A/C p u l s e - j e t  f i l t e r  as the  product  recovery f i l t e r .  
Note t h a t  n e a r l y  a l l  o f  the i n d i v i d u a l  annual cos ts  f o r  t he  c a r t r i d g e  
c o l l e c t o r  a r e  l e s s  than those o f  t h e  3 / 1  A /C  r a t i o  p u l s e - j e t  f a b r i c  
f i l t e r .  T h i s  r e s u l t s  i n  net  annual incrementa l  c r e d i t s  f o r  the 
c a r t r i d g e  c o l l e c t o r .  However, because they  a re  more expensive t o  
purchase and operate,  t he  2 / 1  A / C  r a t i o  f a b r i c  f i l t e r s  show n e t  
incrementa l  cos ts  i n  Table 6-14. Table 6-14 a l s o  shows the  t o t a l  
annual c o s t  (a c r e d i t  i n  t h i s  case) o f  adding a HEPA f i l t e r  downstream 
o f  t h e  p r imary  c o n t r o l  dev ice i n  l ead  ox ide  manufactur ing.  

exhaust a g r e a t  deal  o f  a i r  t o  ma in ta in  the  workplace atmosphere 
w i t h i n  OSHA contaminant gu ide l ines.  T h i s  a i r  must be rep laced w i t h  
f r e s h  o u t s i d e  a i r  which must be heated d u r i n g  the  w i n t e r  months. 
removing v i r t u a l l y  a l l  the contaminants f rom the  a i r  (see Table 6-1). 
HEPA f i l t e r s  p laced downstream o f  t he  p r imary  f i l t e r  a l l o w  the  
exhausted a i r  t o  be r e c i r c u l a t e d  d u r i n g  the w i n t e r  months. Th is  
minimizes the  need t o  heat replacement o u t s i d e  a i r  and recovers 
process heat  t o  warm t h e  bu i l d ing .  For t h i s  study, i t  was assumed 
t h a t  t he  HEPA f i l t e r s  would be operated a l l  yea r  a l though t h i s  i s  n o t  
n e c e s s a r i l y  i n d u s t r y  p rac t i ce .  Dur ing t h e  sumner the HEPA f i l t e r  
exhaust would be vented t o  the atmosphere. 
t he  t o t a l  c a p i t a l  and annual cos ts  f o r  a i r  p o l l u t i o n  c o n t r o l  i s  the 
sum o f  t h e  cos ts  f o r  t he  pr imary c o n t r o l  dev ice and t h e  HEPA f i l t e r .  
For instance,  t he  t o t a l  incremental  annual c r e d i t  f o r  c o n t r o l l i n g  the  
medium lead  ox ide manufactur ing f a c i l i t y  w i t h  a 2 / 1  A/C baghouse and a 

secondary HEPA would be $9,800 t ($66,700) ($56,900). An example o f  
t he  c a l c u l a t i o n s  used t o  e s t a b l i s h  the  c r e d i t  f o r  r e c i r c u l a t i o n  i s  
g i ven  i n  Appendix C. 

I n  t h i s  study 

I t  can be seen from Table 6-1 t h a t  l ead -ac id  b a t t e r y  p l a n t s  

By 

When a HEPA f i l t e r  i s  used 
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Using HEPA f i l t e r s  t o  recover  heat  by  r e c y c l i n g  exhausted a i r  i s  
For  a l l  model f a c i l i t i e s  t h e  f u e l  c l e a r l y  a c o s t  saving innovat ion.  

c r e d i t s  exceed the  sum o f  a l l  o t h e r  costs ,  r e s u l t i n g  i n  a n e t  savings. 
The sav ings increase w i t h  the  s i z e  o f  t h e  a i r  stream and w i t h  i t s  
temperature. 

g iven  i n  Table 6-19. 
10 f o r  each model f a c i l i t y  i s  t h e  c o s t  o f  50 percent  sodium hydrox ide 
s o l u t i o n  t o  t r e a t  t h e  m i s t  e l i m i n a t o r  discharge. 

Lead-acid b a t t e r y  p l a n t s  have one o r  more c e n t r a l  vacuum systems 
used f o r  general  c leaning. T y p i c a l l y ,  these d ischarge t o  a small 
f a b r i c  f i l t e r .  Estimated annual cos ts  f o r  such a system a re  shown 
i n  Table 6-20. 

The cos t  o f  c o n t r o l l i n g  s u l f u r i c  a c i d  m i s t  du r ing  fo rmat ion  i s  
The major  c o s t  i t em by a f a c t o r  o f  approx imate ly  

6.6 COST EFFECTIVENESS 
C o s t  e f fec t i veness ,  as c a l c u l a t e d  f o r  t h i s  study, i s  t h e  annual 

c o s t  pe r  u n i t  mass o f  p o l l u t a n t  removed. Annual c o s t  i s  de f i ned  as 
t h e  annual c o s t  o f  opera t ing  t h e  c o n t r o l  dev ice  and inc ludes  d i r e c t  
ope ra t i ng  charges such as opera t ing  and maintenance labor ,  maintenance 
m a t e r i a l s  and u t i l i t i e s ,  and i n d i r e c t  charges such as overhead, taxes, 
insurance, a d m i n i s t r a t i v e  charges, and c a p i t a l  recovery. 

Recovered m a t e r i a l  and fuel c r e d i t s  a re  inc luded and reduce the  
annual cost. To ta l  annual costs  a r e  g i ven  i n  Tables 6-12 through 
6-20. The mass o f  p o l l u t a n t  removed by each c o n t r o l  system i s  l i s t e d  
i n  Table 6-1. 

Cost e f fec t i veness  was ob ta ined by  d i v i d i n g  t h e  t o t a l  annual c o s t  
f o r  a c o n t r o l  dev ice by the  mass o f  p o l l u t a n t  removed, e.g.. f o r  a 
f a b r i c  f i l t e r  c o n t r o l l i n g  a g r i d  c a s t i n g  furnace and machine i n  a 
l a r g e  model f a c i l i t y :  

$76,00O/yr (Table 6-12) = $30,1b 
2565.3 l b s l y r  (Table 6-1) 

Cost E f fec t i veness  = 

Th is  d e f i n i t i o n  a l lows a l t e r n a t i v e  c o n t r o l  devices f o r  each model 
f a c i l i t y  t o  be compared. Cost e f fec t i veness  r a t i o s  a re  tabu la ted  i n  
Tables 6-21 and 6-22. 
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Study o f  Tables 6-21 and 6-22 shows t h a t  wet scrubbers a r e  
somewhat more c o s t - e f f e c t i v e  than e i t h e r  f a b r i c  f i1 t e r s  o r  c a r t r i d g e  
c o l l e c t o r s .  Cons is ten t  w i t h  t h e  annual costs ,  c a r t r i d g e  c o l l e c t o r s  

a r e  s l i g h t l y  l e s s  c o s t - e f f e c t i v e  than f a b r i c  f i l t e r s  i n  t h e  smal le r  
s izes  (<lO.OOO acfm) and s l i g h t l y  more c o s t - e f f e c t i v e  i n  t h e  l a r g e r  
s izes.  The negat ive  cos t -e f fec t i veness  r a t i o s  f o r  t h e  HEPA f i l t e r s  
r e f l e c t  t h e  c o s t  sav ings r e s u l t i n g  f rom i n s t a l l i n g  a HEPA f i l t e r  and 
r e c i r c u l a t i n g  t h e  heated a i r  d u r i n g  t h e  w i n t e r  months. 
o v e r a l l  c o n t r o l  cos t  e f fec t i veness  f o r  a model f a c i l i t y  employing a 
HEPA f i l t e r  the  t o t a l  annual cos ts  f o r  t h e  f a b r i c  f i l t e r  o r  c a r t r i d g e  
c o l l e c t o r  must be added t o  t h e  c r e d i t  ( u s u a l l y )  f o r  t h e  HEPA f i l t e r  
and t h i s  sum d i v i d e d  by  the t o t a l  lead  emissions captured by the  two 
devices. 

To o b t a i n  t h e  

6.7 COMPARISON WITH SECTION 114 LETTER DATA 

obta ined f rom i n d u s t r y  i n  response t o  t h e  E P A ' s  reques t  (References 2 
through 8, 43, 44, 45) f o r  cos t  i n f o r m a t i o n  are  compared i n  F igu re  6-1 
w i t h  t h e  c a p i t a l  cos ts  developed f o r  t h i s  study. The i n d u s t r y  C O S t S  

were f o r  b o t h  shaker and p u l s e - j e t  f i l t e r s ,  a l though most o f  the  
f i l t e r s  were pu lse - je t s .  The cos ts  f rom t h i s  s tudy a r e  f o r  t h e  f a b r i c  
f i l t e r s  descr ibed i n  Table 6-1. A l o g - l o g  p l o t  was used t o  a l l o w  a l l  
s i z e  f a b r i c  f i l t e r s  t o  be compared on t h e  graph. Where requ i red ,  t h e  
i n d u s t r y  da ta  was escalated t o  second q u a r t e r  1988 cos ts  us ing  t h e  
Chemical Eng ineer in9  p l a n t  c o s t  index. I n  t h e  few cases where t h e  
da te  o f  i n s t a l l a t i o n  was no t  spec i f i ed ,  the  data were p l o t t e d  as 
received. 
c a l c u l a t e d  us ing  a l l  o f  the  p l o t t e d  po in ts .  
enclose t h e  - + 30 percent  reg ion above and below t h e  regress ion  l i n e .  
The da ta  shows considerable sca t te r .  Th i s  i s  n o t  s u r p r i s i n g  s ince  
each i n s t a l l a t i o n  i s  d i f f e r e n t  and n o t  necessa r i l y  i n  accordance w i t h  
t h e  assumptions made f o r  t h i s  study. Never the less,  t h e  data show t h a t  
t h e  c a p i t a l  c o s t  da ta  developed f o r  t h i s  study a r e  c o n s i s t e n t  w i t h  
i n d u s t r y  exper ience and are  n o t  s t r o n g l y  b iased one way o r  the  other .  

T o t a l  i n s t a l l e d  c a p i t a l  investment cos ts  f o r  f a b r i c  f i l t e r s  

The s o l i d  l i n e  on F igu re  6-1 i s  a regress ion  l i n e  
The two dashed l i n e s  
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PLUS LEA0 RECLAMA' 

Second q u a r t e r  1988 d o l l a r s  

P o l l u t i o n  c o n t r o l  cos t  e f f e c t i v e n e s s a l a  
Car t  r i  dge Secondary 

F a c i l  i t y  and Wet scrubber F a b r i c  f i l t e r  COlleCtOr HE PA^ 
P lan t  S ize  Slkg $ l l b  S l kg  $ / l b  w g  $ / l b  S/kg $ / l b  

~~~ 

G r i d  Cast ing  

Small 
M,ed i urn 
Large 

Lead Oxide Manufacture 

114 52 145 66 161 73 (339) (154) 
7 1  32 67 30 (4.490) (2,040) 5 1  23 

53 24 65 30 59 27 (2,570) (1,160) 

Med i urn 193c 88c (632)c (287)c (1,300) (592) 
Large, Seven L i n k l a t e r  Systems 352c 160c (652)c (296)c (1,355) (615) 
Large, Two Bar ton Systems 69c 3 l c  (204)c (93)c (424) (192) 

Lead Reclamation 

Small 
Med i urn 
Large 

Gr id  Cast ing Plus Lead 
Rec 1 ama t i on 

Small 
Med 1 urn 
Large 

9 1  41 114 52 188 85 (1,150) (523) 
24 11 31 14 45 20 (608) (276) 
20 9 26 12 35 16 (646) (293) 

109 50 144 65 143 65 (1,050) (475) 
45 20 55 25 53 24 (1,780) (807) 
38 17 50 23 48 22 (1,690) (765) 

a A l l  values except those f o r  t he  HEPA f i l t e r  a r e  c a l c u l a t e d  from a no c o n t r o l  
base1 ine. 

bValues ca l cu la ted  f o r  HEPA f i l t e r  p o s i t i o n e d  downstream o f  f a b r i c  f i l t e r  o r  
c a r t r i d g e  c o l l e c t o r  and w i t h  HEPA f i l t e r  d ischarge r e c i r c u l a t e d  d u r i n g  w i n t e r  
months (October through A p r i l ) .  

cFor lead ox ide manufacture t h e  no c o n t r o l  base was a p u l s e - j e t  f i l t e r  w i t h  a 3 / 1  
A / C  r a t i o .  Values shown a re  incremental  cos ts  f o r  a 2 / 1  A I C  p u l s e - j e t  f i l t e r  
and a c a r t r i d g e  c o l l e c t o r ,  respec t i ve l y .  

dFigures i n  paren thes is  i n d i c a t e  a c r e d i t .  
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TABLE 6-22. COST EFFECTIVENESS: CONTROL OF PASTE M I X I N G .  THREE-PROCESS 
OPERATION, FORMATION, AND PASTE M I X I N G  PLUS THREE-PROCESS OPERATION 

Second q u a r t e r  1988 d o l l a r s  

P o l l u t i o n  c o n t r o l  c o s t  e f fect ivenessa9c 
M i  s t  C a r t r  i dge Secondary 

F a c i l i t y  and e l i m i n a t o r  F a b r i c  f i l t e r  c o l l e c t o r  HE PA^ 
P l a n t  S ize  Slkg S l l b  S l kg  S l l b  S I Q  d l l b  d l k g  $ l l b  

Paste M ix ing  

Small 
Medi urn 
Large 

Three-Process Operat ion 

Small 
Medi urn 
Large 

Formation 

Small 
Medi um 
Large 

Paste M ix ing  P lus  
Three-Process 
Operat ion 

Small 
Medi urn 
Large 

0.26 
0.23 
0.24 

0.12 
0.11 
0.11 

14 6 12 6 (97) . (44j 
9 4 6 3 (74) (34) 
9 4 7 3 (51) (23) 

a A l l  va lues except those f o r  t h e  HEPA f i l t e r  a re  c a l c u l a t e d  f rom a no c o n t r o l  

bValues c a l c u l a t e d  f o r  HEPA f i l t e r  p o s i t i o n e d  downstream o f  f a b r i c  f i l t e r  o r  

cFigures i n  parenthes is  i n d i c a t e  a c r e d i t .  

base1 ine. 

c a r t r i d g e  c o l l e c t o r  and w i t h  HEPA f i l t e r  d ischarge r e c i r c u l a t e d  du r ing  
w i n t e r  months (October through A p r i l ) .  
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Duct Pressure Drop 

Example C a l c u l a t i o n  

Grid Cast ing and Machine - S m a l l  F a c i l i t y  

A s  mentioned i n  Sect ion 6.4.1. t h e  ductwork i s  s i zed  t o  ach e a 

For t h e  small g r i d - c a s t i n g  and machine f a c i l i t y ,  t h e  s i z e  
v e l o c i t y  o f  4,500 f t l m i n  t o  keep t h e  en t ra ined  lead p a r t i c l e s  i n  
suspension. 
o f  t h e  duc t  would be: 

Duct area, i n  s q  f t  8 3'460 = 0.769 ft2 

where 3.460 i s  t h e  a c t u a l  cub ic  f e e t  pe r  minu te  c a r r i e d  by 

Duct diameter i n  inches = x 12 = 11.87 inches 

t h e  duc t  
0.769 x 4 H 

n 

To avo id  custom f a b r i c a t i o n ,  round t h i s  t o  I1  inches. The a c t u a l  
v e l o c i t y  i n  11 i n c h  duc t  i s :  

11 inches = 0.9167 f e e t  

V e l o c i t y  = u = o.66t 3*460 = 5,242 f t l m l n  87.4 f t l s e c  

The gas d e n s i t y  i s  ca l cu la ted  f rom t h e  gas law: 

PV = nRT 

where 

P = Pressure i n  atmospheres = 1 

V = Gas volume = 1 f t 3  
d e n s i t y  
28.9 n = Number o f  moles 8 

R 8 Gas constant  = 0.7302 lb PYh 
T = Temperature i n  degrees Rankine 

= 459.7 + temperature i n  degrees Fahrenhei t  

28*9 I 0.0629 l b s l f t 3  = 0.7302 (459.7 + 170 
where 28.9 i s  the  molecular  we igh t  o f  a i r  
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The f r i c t i o n  f a c t o r  i s  obtained from a Moody, Reynolds number versus 
f r i c t i . o n  f a c t o r  c h a r t  i n  Reference 46, page A-24. 
i s  c a l c u l a t e d  as 

The Reynolds number 

where 

Re = Reynolds number 

0 n Duct diameter i n  f e e t  = 0.9167 

u = Gas v e l o c i t y  i n  f t l s e c  

,L‘ I Gas d e n s i t y  i n  l b s l f t 3  

p = Gas v i s c o s i t y  - 1.426 x l b S / ( f t ) ( S e C )  f rom Reference 46 

0.9167)(87.4)(0.0629) ~ 353,403 Re = 
1.426 x 

From page A-23 i n  Reference 46 t h e  w a l l  roughness t o  p i p e  diameter 
r a t i o  (E/O) i s  0.00017 f o r  11 i n  duct. Using the  Moody f r i c t i o n  
f a c t o r  c h a r t  on page A-24 of Reference 46 

f = 0.0158 

The pressure l o s s  due t o  f r i c t i o n  f o r  s t r a i g h t  p i p e  i s  then c a l c u l a t e d  
f rom t h e  Oarcy formula:  

hL = f# f o r  s t r a i g h t  p i p e  

and from p 2-8 o f  Reference 46 

hL - K “ . f o r  a l ong  rad ius  elbow FI 
where 

hL = F r i c t i o n a l  head l o s s  i n  the  d u c t  i n  f e e t  o f  gas 

0 = Duct diameter i n  f e e t  = 0.9167 

L = Duct l e n g t h  i n  f e e t  n 200 

u = Gas v e l o c i t y  i n  duct = 87.4 f e e t l s e c  

g = Massl force conversion f a c t o r  = 32.17 

K = Resistance c o e f f i c i e n t  f o r  l o n g  r a d i u s  elbow = 0.18 f rom 
Reference 46 
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The t o t a l  f r i c t i o n a l  l o s s  then i s  

87.4 2 200 = & m o i 5 a  0.9167 + 10 (0.18)) = 623.0 f e e t  

where 10 i s  the number o f  elbows. 

Converting f e e t  o f  gas t o  inches o f  water 

i n  H20 = 623.0 X 0.0629 x 0.1923 = 7.54 - 7.5 

where 0.1923 converts l b s / f t 2  t o  i n  H20 



Appendlx B 
C a p i t a l  Cost Es t lma t lon  Example 

Car t r i dge  C o l l e c t o r  
Three Process Operat lon - Small F a c l l  I t y  

Purchased eqUlpmeflt Costs 

C a r t r i d g e  c o l l e c t o r  (Reference 23) 
Gate and drum k i t  (Reference 23) 
Fan, motor, d r i v e  (Reference 15) 
Ouctwork (Reference 2 and d e s c r i p t l o n  I n  

Appendix A)a 
T o t a l  bas i c  equipment (BE) 

Inst ruments and con t ro l s ,  0.1 (BE) = 
Taxes. 0.03 (BE) 
F r e l g h t  0.05 (BE) 

O l r e c t  I n s t a l l a t i o n  costs  

T o t a l  purchased equlpment (PE) 

Foundation and supports, 0.04 (PE) 
E r e c t i o n  and handl ing,  0.50 (PE) 
E l e c t r l c a l ,  0.08 (PE) 
Piping. 0.01 (PE) 
I n s u l a t i o n  f o r  ductwork 0.07 (PE) 
P a i n t i n g  0.02 (PE) 

T o t a l  d i r e c t  l n s t a l l a t i o n  cos ts  
T o t a l  d l r e c t  cos ts  

I n d i r e c t  cos ts  

Englneer lng and superv ls lon,  0.1 (PE) 
Cons t ruc t l on  and f i e l d  expense, 0.2 (PE) 
Cons t ruc t i on  fee, 0.1 (PE) 
S t a r t u p  fee, 0.01 (PE) 
Performance t e s t ,  0.01 ( P E ) ~  
Cont lngencles,  0.03 (PE) 

T o t a l  I n d l r e c t  cos ts  

T o t a l  c a p i t a l  investment 
say 

b 
40,700 
1,000 
9,400 
11,434 

62,534 

6,253 
1 .876 3;127 

73,790 

2,952 
36,895 
5,903 
7 38 

5,165 
1,476 

126,919 
53,129 

7,379 
14,758 
7,379 
738 
738 

2,214 
.33.205 
160,124 
160,000 

aOuctwork cos ts  were est lmated as fo l l ows :  

O e s c r l p t i o n  f rom Appendix A 
Cost f rom Reference 12 

b 

200 f e e t ,  27 I n ,  s t r a i g h t  run, 16 ga b25.45/f t  x 200 = 5,090 
10, 27 i n  elbows, 16 ga b355.001ea x 10 8 3,550 
2 b l a s t  gates b172lgate x 2 = 344 
70 connectors b351ea x 70 = 2,450 

T o t a l  ductwork 11,434 

bThls  performance t e s t  Is t o  demonstrate t h a t  t he  equipment operates 
p roper l y ,  - n o t  t h a t  the ernlsslon l i m i t s  w l l l  be met. 
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Appendix C 
L i n e  I t e m  Annual Cost Examples 

Example 1 
Three-Process Operat ion - Small F a c i l i t y  - F a b r i c  F I1  t e r  

D i r e c t  Costs 

Operat ing Labor a t  2 hrlweek 
2 x 50 x 11.33 

Superv is ion a t  15% o f  Operat ing Labor 
0.15 x 1,133 

Maintenance Labor a t  5 hr/week 
5 x 50 x 11.33 x 1.1 

1.133 

170 

3,116 

Maintenance M a t e r i a l  a t  100% o f  Maintenance Labor 3,116 

F i l t e r  Media, rep lace 30% p e r  yea r  

U t i 1  i t i e s  

0.3 x 2,O5Oa 

E l e c t r i c i t y  39.6b x 6,000 x 0.07 
Compressed A i  rc 

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

I n d i r e c t  Costs 

Overhead a t  60% o f  t h e  sum o f  Operat ing Labor, 
SuDervision. Maintenance Labor and Maintenance 
Mat e r i a 1 

0.6 (1,133 + 170 t 2 x 3,116) 

P roper t y  Tax a t  1% o f  To ta l  C a p i t a l  Investment 
0.01 x 135,300d 

Insurance a t  1% o f  T o t a l  C a p i t a l  Investment 
0.01 x 135.300d 

615 

16,632 
2,175 

26,957 

4,521 

1,353 

1,353 

Admin i s t ra t i on  a t  2% o f  T o t a l  C a p i t a l  Investment 

C a p i t a l  Recovery, 10 yea r  l i f e  and 10% I n t e r e s t  

0.02 x 135,300d 2.706 

o'l(l'l)lo x 135,300 
(1.1) 10-1 

To ta l  I n d i r e c t  Cost 

Recovery C r e d i t  

Lead 5,511.3e x O.37f 

T o t a l  Annual Cost 
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22,013 

31,946 

(2.039) 

56,864 
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Notes - Example 1 

aoata I n  References 18 through 24 was used t o  est lmate t h a t  30% O f  t he  
bags would be rep laced annual ly.  
and procedures i n  Reference 20: 

Bag c o s t s  were est lmated from da ta  

A t  6/1 A/C r a t l o ,  n e t  c l o t h  area = 18,880 = 3,147 f t 2  

Cost o f  g - l / B  I n  d ia .  pu l se  j e t  bags made o f  p o l y e s t e r  f e l t  Is 
$0.59/ft i n  3086. 

Bag c o s t  = 3,147 x 0.59 x - $2,050; $2,050 x 0.3 = $615 

Where 371.6 and 336.6 a r e  the  Chemical Englneer lnq equipment c o s t  
i n d l c e s  f o r  June '88 and September '86 respec t i ve l y .  

6 

371 6 
336.6 

bpressure drop I n  the  ductwork was c a l c u l a t e d  t o  be 4.1 i n  water. 
Pressure drop i n  the  f i l t e r  was est imated t o  be 7.5 i n  water  f o r  a 
t o t a l  o f  11.6 i n  water. 
I n  Reference 20: 

Power requirement Is then from equat lon 5-15 

kw = O.OOOl81(18,880) (11.6) = 39.6 kw 

where 18,880 i s  t h e  acfm gas handled by the  f a n  - see Table 6-1. 

CReference 20 recomnends es t lma t ing  compressed a i r  usage a t  2 scfm per  
1,000 acfm gas handled by the  f i l t e r .  

Compressed a i r  c o s t  = 2 x 18.880 60 x6,000 L 0 16 = $2,175 
1.000 1.000 

Where $0-16 1 s  t he  cos t  of 1,000 stfm of compressed a l r  f rom Table 
6-11. 

dTota l  c a p i t a l  investment o f  $135,300 i s  g l ven  i n  Table 6-5 f o r  a 
small  three-process opera t i on  model f a c i l i t y .  

eLead recovered by the  f l l t e r  i s  5,511.3 l b s l y r ,  see Table 6-1. 

fThe c o s t  o f  l ead  i s  $.37/lb - See Table 6-11. 
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Example 2 
HEPA F i l t e r  

Three-Process Operat ion - Small F a c i l i t y  

D i r e c t  Costs 

Operat ing Labor a t  2 hrlweek 

Superv is ion a t  15% of Operat ing Labor 

Maintenance Labor a t  2 hr/week 

Maintenance M a t e r i a l  a t  100% o f  Maintenance Labor 

F i l t e r  Media, rep lace 100% per  yeara 

U t i l i t i e s  

2 x 50 x 11.33 

0.15 x 1,133 

2 x 50 x 11.33 x 1.1 

E l e c t r i c i t y  6.Eb x 6.0OOcx 0.07 

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

I n d i r e c t  Costs 

Overhead a t  60% of the sum of Operating, Labor, 
Supervision:Maintenance Labor:and Maintenance 

. M a t e r i a l  
0.6 (1.133 + 170 + 2 x 1,246) 

0.01 x (15,100)d 

0.01 x (15.100)d 

Proper t y  Tax a t  1% o f  T o t a l  C a p i t a l  Investment 

Insurance a t  1% of To ta l  C a p i t a l  Investment 

A d m i n i s t r a t i o n  a t  2% of  To ta l  C a p i t a l  Investment 
0.02 x (15,100)d 

C a p i t a l  Recovery. 10 year  l i f e  and 10% I n t e r e s t  

o'l(l*l)lo X 15.100 
(1.1) 10-1 

T o t a l  I n d i r e c t  Cost 

Recovery C r e d i t s  

Lead 141.258e x 0.37f 
Fuel9 

To ta l  Annual Cost 

1,133 

170 

1,246 

1,246 

2,560 

2,856 

9,211 

2,277 

151 

151 

302 

2,457 

5.330 

(52) 
(16,162) 
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Notes - Example 2 

aThe c a p a c i t y  o f  a standard 24 x 24 x 115 i n  HEPA was est imated t o  be 
1.200 acfm. The number o f  standard f i l t e r s  requ i red  then i s :  

18.880 acfm (Table 6-11  16 
1,200 

From Reference 25. t he  cos t  o f  a standard f i l ter I s  $160; based On 
100 percent  replacement the c o s t  o f  f i l t e r  media i s  16 x $160 
$2,560. 

be 1.5 t o  2.0 i n  water. 
bHEPA f i l t e r  pressure drop i s  est imated i n  vendors' l i t e r a t u r e  t o  

Th is  study used 2.0 i n .  

Kw = 0.000181 (18,880) (2 .0 )  = 6.8 kw 

Where 18.880 acfm i s  the gas handled by the  f i l t e r .  

cThe HEPA f i l t e r  i s  operated the  e n t i r e  year  or 6.000 hours. Heated 
a i r  i s  r e c i r c u l a t e d  through the  HEPA f i l t e r  o n l y  d u r i n g  the  h e a t i n g  
season o f  October through A p r i l  or f o r  3,500 hours o f  operat ion.  
Dur ing t h e  remainder o f  the year  HEPA exhaust i s  vented t o  t h e  
atmosphere. 

three-process o p e r a t i o n  F a c i l i t y .  
dThe t o t a l  c a p i t a l  investment can be found I n  Table 6-5 f o r  a small 

eLead recovered by t h e  f i l t e r  i s  141.258 l b s l y r ,  see Table 6-1. 

fThe cos t  o f  l ead  i s  $.37/lb - See Table 6-11. 

gFue1 c r e d i t  i s  c a l c u l a t e d  i n  two pa r t s .  F i r s t ,  t he  c o s t  o f  h e a t i n g  
ou ts ide  a i r  t o  65OF i s  c a l c u l a t e d  us ing  the  degree days. 
vary  by region. For t h i s  study degree days t y p i c a l  o f  t he  Mid- 
A t l a n t i c  were used, f i r s t  because i t  i s  a h e a v i l y  populated area where 
a number o f  b a t t e r y  manufactur ing p l a n t s  a re  l o c a t e d  and second 
because i t  i s  midway between n o r t h  and south and thus represents  a 
med i an. 

Degree days 

18,880 x 60 x 24 x 0.018 x 5,200 x 3.80 x I Cost Savings = 
0.85 

= $11,376 
Where 

18,880 = t h e  acfm r e c i r c u l a t e d  
60 = minutes lhour  
24 = hours lday 

0.018 = hea t  capac i t y  o f  a i r  i n  Btu/( 'F)(acfm) 
5,200 0 degree days f rom Reference 47 

0.85 = a i r  hea te r  e f f i c i e n c y  (Reference 48) 
3.80 x = c o s t  o f  f u e l  i n  $/Btu - Table 6-11. 
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The second p a r t  o f  t he  c a l c u l a t i o n  develops the  va lue o f  t h e  heat  
re turned above 65'F: 

I 1  Cost Savings 60 x 3,500 x 0.018 x 18,880 x (80-65) x 3.8 x 
0.85 

$4,786 

Where 

3.500 - number o f  ope ra t i ng  hours in hea t ing  season October through 
60 = minutes lhour  

A p r i l .  
18,880 = t h e  acfm r e c i r c u l a t e d .  

80 = the  temperature o f  t he  r e c i r c u l a t e d  a i r  i n  O F .  

65 = the  base temperature f o r  t he  degree day c a l c u l a t i o n  i n  O F .  

3.8 x ~ O - ~  8 t he  cos t  o f  f u e l  i n  $ /B tu  - Table 6-11. 
0.85 = t h e  a i r  hea te r  e f f i c i e n c y  (Reference 48). 

To ta l  f u e l  c r e d i t  = $11,376 + $4,786 = $16,162. 
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7.0 ENFORCEMENT ASPECTS 

Based on data gathered during this NSPS Review, there have been no 
major, widespread problems within the industry in meeting the NSPS 
requirements. There are, however, some concerns over the interpretation of 
the definition of affected facility, and the required emission testing. 
7.1 DEFINITION OF AFFECTED FACILITY 

There have been uncertainties in interpretation of affected facilities, 
and, therefore, inconsistencies in enforcement of the NSPS among the 
regulatory agencies. 
facility is &l equipment performing a particular operation (i.e., all grid 
casting machines, or all three-process equipment, whether new or old), 
whereas others have determined that individual units are the affected 
facility. When the entire operation is determined as subject, some 
agencies require that each emission point from the operation meet the 
applicable standard, while others require that the weighted average of 
emissions meet the standard. 

effect upon a plant's compliance status. 
installs two new Barton oxide mills. Taken as individual facilities, one 
unit's emissions may meet the NSPS limits, while the other may not. 
However, taken as one affected facil ity, the weighted average emissions may 
meet the allowable NSPS limit. 

equipment performing an operation to be the affected facility, as evidenced 
by the following paragraph from the preamble to the proposed rule: 

Some agencies have determined that the affected 

The choice of affected facility interpretation can have a significant 
For example, assume a plant 

It appears that the original intent of the regulation was for all 
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"Selection of Affected Facilities 
Lead emitting process operations selected as affected 

facilities are lead oxide production, grid casting, paste mixing, 
three-process operation, lead reclamation, and other lead emitting 
operations. 
machines or production lines which perform the same function and 
which are located in the same area and ducted to the same control 
device. Therefore, for each of the process operations mentioned 
above, the affected facility is the entire operation. For example, 
at a plant with more than one three-process line, all of the lines 
together would be the affected facility."' 

These process operations often consist of several 

However, during this review, it has been determined that these units are 
often not located in the same area, and often are ducted to several, 
separate control devices (especially in cases of modification/ 
reconstruction). 

determination to at least one EPA Regional Office as follows: 
The Stationary Source Compliance Division has issued a compliance 

Several new grid casting machines were constructed at an 
existing plant, and therefore increased the facility's overall 
emission rate. It was determined that the addition of the new 
casters would constitute a modification o f  the entire casting 
facility (both new and old casting equipment), and the emission 
standard would be applied to the weighted average sum of emissions 
from all discharge points within the entire facility.' 

This particular Regional Office has subsequently made several compliance 
determinations of the same nature, applying to any type o f  affected 
facility.' 

Several members of the industry have expressed some concerns with the 
"entire department affected facility" approach. One concern is that it is 
often difficult or extremely costly to duct the emissions from the various 
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i n d i v i d u a l  sources i n  an a f f e c t e d  f a c i l i t y  t o  a common s tack  o r  c o n t r o l  
dev ice ( e s p e c i a l l y  i n  modification/reconstruction cases).  
r e s u l t s  i n  the  a l s o  c o s t l y  need t o  t e s t  many separate s tacks.  Another 

i n d u s t r y  op in ion  i s  t h a t  i n c l u d i n g  e x i s t i n g  equipment i n  an a f f e c t e d  
f a c i l i t y  i s  r e q u i r i n g  r e t r o f i t  c o n t r o l ,  which they  f e e l  i s  n o t  t he  i n t e n t  

o f  an NSPS, and i s  c r e a t i n g  a form o f  "bubble"  p o l i c y .  Another common 

occurrence i n  t h e  i n d u s t r y  i s  t h a t  o f t e n ,  when an e n t i r e  "department"  i s  
determined as t h e  sub jec t  f a c i l i t y ,  t h e  p l a n t  w i l l  c o n t r o l  o n l y  se lec ted  

sources w i t h i n  t h e  f a c i l i t y  t o  b r i n g  t h e  weighted sum o f  emissions t o  j u s t  
below the  a l l owab le  l i m i t .  The i n d i v i d u a l  u n i t s  t h a t  a re  c o n t r o l l e d  are 

no t  necessa r i l y  t he  new u n i t s ,  and t h e  c o n t r o l  technique i s  o f t e n  n o t  t he  
bes t  techno1 ogy. 

7 .2  EMISSION TESTING 

Th is  then 

Several i n d u s t r y  rep resen ta t i ves  have expressed concerns deal  ing  w i t h  

emissions t e s t i n g  a t  l e a d - a c i d  b a t t e r y  p l a n t s .  

t he  d i f f i c u l t y  o f  per fo rming  Method 12,  and t h e  v a r i a b i l i t y  o f  r e s u l t s .  
Comments were rece ived  t h a t  Method 12 i s  very  t ime consuming and d i f f i c u l t  
t o  perform. Th is  o f t e n  makes it hard  t o  complete t h r e e  runs i n  one day 
( thus  inc reas ing  c o s t ) ,  and the  runs a re  f o r  t he  minimum l e n g t h  o f  one 

hour. This,  i n  t u r n ,  r e s u l t s  i n  ve ry  smal l  q u a n t i t i e s  o f  l ead  being 

co l l ec ted ,  and increases the  e f f e c t  o f  smal l  process v a r i a t i o n s  on t h e  t e s t  

resu l t s . '  There was a l s o  some concern expressed over v a r i a b i l i t y  o f  t h e  
t e s t  r e s u l t s  between t e s t i n g  f i r m s .  

submi t ted f o r  rev iew.  The Emission Measurement Branch eva lua ted  bo th  
r e p o r t s ,  and found t h a t  each one had been c o r r e c t l y  performed accord ing t o  
t h e  parameters o f  Method 12.  
s imul taneously ,  it was no t  poss ib le  t o  assess t h e  p r e c i s i o n  o f  Method 12. 
It i s  be l i eved  t h a t  t h e  v a r i a b i l i t y  between emission t e s t  r e s u l t s  was due 

t o  process f l u c t u a t i o n s  w i t h i n  normal ope ra t i ng  cond i t i ons .  Method 12, 
Sect ion 2.3 s t a t e s  t h a t ,  "The w i t h i n - l a b o r a t o r y  p r e c i s i o n ,  as measured by 

the  c o e f f i c i e n t  o f  v a r i a t i o n  ranges f rom 0 . 2  t o  9 . 5  percent  r e l a t i v e  t o  a 

The f i r s t  area deals  w i t h  

Two t e s t s  on t h e  same f a c i l i t y ,  b u t  f rom d i f f e r e n t  t e s t i n g  f i r m s ,  were 

Since t h e  t e s t s  were no t  performed 
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run-mean concentration." However, longer sampling times are more 
representative of process conditions and should be used, if po~sible.'.~.' 

in lieu of Method 12. However, Method 17 is an in-stack filter method 
(does not include impinger catch), and would not catch lead fume. Also, 
the collection efficiency of Method 17 is very dependent upon the stack 
temperature. Furthermore, the standard is based upon Method 12 data; in 
order to use Method 17, a correlation between the results o f  the two 
Methods would have to be developed.' Therefore, Method 17 is not a viable 
option. 

Several of the industry representatives felt that opacity readings were 
meaningless at the grain loadings required by the mass standards. 
Approximately 50 percent of the test data received during this review 
included opacity readings, all of which were 0 percent. 

There are some sources at lead-acid battery plants with very small 
stacks (3 inches in diameter), low flow rate (200 scfm), low velocities(400 
fpm), or intermittent operation and emissions that are being determined as 
subject to the standard (i.e., lead oxide storage; emissions occur only 
during,filling of the silo). The industry stated that testing o f  these 
sources at proper flowrates and velocities, and for the proper length of 
time is difficult.' However, EPA Reference Methods lA, 2C, and 2D, 
describing procedures for testing small stacks, were promulgated on 
March 28, 1989, and address such situations as noted by the industry.' 

One solution suggested by industry representatives was to use Method 17 
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