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From: 

Date of c nt 

CONTACT REPORT--MRI Project No. 4604-02 

Richard Marinshaw, Environmental Engineering 
Department 

ct: May 2, 1997 

Contacted by: Telephone 

Company/Agency: Bayer Corporation 
5601 Eastern Avenue 
Baltimore, Maryland 21224-2791 

Telephone Number: (410) 633-9550 

tacted/Title(s) 

John Jozefowski, Manager, Manufacturing and Logistics 

CONTACT SUMMARY: 

M r .  Jozefowski was contacted for clarification of the 
process operating rates during the January 11 to 15, 1994 
emission test conducted on the frit smelters at the Bayer 
Corporation (formerly, the Miles Industrial Chemicals Division) 
facility in Baltimore, Maryland. Mr. Jozefowski stated that 
during the subject emission test, six frit smelters were 
operating. The emissions from all six smelters were ducted to 
the same fabric filter. The emission factors developed from the 
emission test should be based on the total process rate for all 
six smelters (i.e., the sum of the individual process operating 
rates). These process rates, as documented during a telephone 
conversation with Mr. Jozefowski on November 11, 1994 were as 
follows: 

Sme 1 t er 
c1 
c3 
c5 
C6 
c7 
5 3  
Total 

Rate, lb/hr 
1,600 
1,500 
1,500 
1,500 
1,800 
L9M 
9,300 



Sme 1 t er 
c1 
c3 
c5 
C6 
c7 

Total 

Rate, lb/hr 
1,800 
1,500 
1,500 
1,500 
2,300 
J.Ax! 
10,000 

Based on this information, the emission factors developed from 
the January 1994 emission test should be based on process rates 
of 9,300 lb/hr and 10,000 lb/hr for January 11 and 12, 
respectively. 



From: 

CONTACT REPORT--MRI Project No. 4602-81 

Richard Marinshaw, Environmental Engineering 
Department 

Date of Contact: November 11, 1994 

Contacted by: Telephone 

Company/Agency: Miles Industrial Chemicals Division 
5601 Eastern Avenue 
Baltimore, Maryland 21224-2791 

Telephone Number: (410) 633-9550 

Person(s1 ContactedITitle Is) 

John Jozefowski, Manager, Manufacturing and Logistics 

CONTACT SUMMARY: 

Mr. Jozefowski was contacted for information on process 
operating rates during the January 11 to 15, 1994 emission test 
conducted on the frit smelters at the Miles Industrial Chemicals 
Division facility in Baltimore, Maryland. Mr. Jozefowski stated 
that during the test, six frit smelters were operating at the 
following production rates: 

Januarv 11 

Smelter Rate, lb/hr 
c1 1,600 
c3 1,500 
c5 1,500 
C6 1,500 
c7 1,800 
C8 1,400 

Januarv 12 

Smelter Rate, lb/hr 
c1 1,800 
c3 1,500 
c5 1,500 
C6 1,500 
c7 2,300 
C8 1,400 

Mr. Jozefowski did not have the operating rates for January 15. 



Industrial Chemicals Division 

Pigments, Enamels and Ceramics 

Miles Inc. 
5601 Eastern Avenue 
Baltimore, MD 21224-2791 
Phone: 410 633.9550 
Fax: 410 631-4395 

September 22, 1994 

Mr. Ronald E. Myers 
Emission Factors and Methodologies Section 
Emission Inventory Branch 
Office of Air Quality Planning and Standards 
United States Environmental Protection Agency 
Research Triangle Park, NC 2771 1 

Dear Sir: 

Subject: Compilation of Air Pollution Emission Factors Industry Comments. 

In response to your letter to Mr. Peter Koxholt, and our subsequent telephone 
conversation, I am forwarding to you for your review a copy of the test results for Miles 
Baltimore site’s dry gas cleaning system. This series of tests were performed by 
International Technology Corporation (ITC) in January 1994 and were forwarded to the 
Maryland Department of the Environment as a condition of the annual operating permit. 
These tests were performed on a single point emission source connected to a common 
manifold and baghouses for the site’s continuous smelters. 

I have two additional comments on the Draft AP-42, Section 11:14 as follows. 

1. Frit should be described as a homogenous melted mixture rather than a 
mixture. 

2. This site’s smelting furnaces (smelters) operate at temperatures to 
2700OF. 

er assistance, please contact me by telephone at (410) 631-4322 or by 



Columbus Laboratories 
505 King Avenue 
Columbus. Ohio 43201 
Telephone (614) 424-6424 
Telex 24-5454 

November 2 ,  1977 

Ms. Pamela Canova 
Requests and Information Section 
National A i r  Data Branch 
Environmental Protection Agency 
Research Triangle Park 
North Carolina 27721 

Dear Ms. Canova: 

I n  response t o  your Zetter of October 15, 1977, I have provided 
remarks on uour alass manufacturino d r a f t  which uou mau want t o  
consider. 
Handbook of GZass Manufacture and a copy of the  source assessment 
document on pressed and bZom glass .  

? have atso enciosed soke a r t i c l e s  fr&n ToAey’ s  

The write-up i s  basicaZly sound, but couZd use some changes i n  
wording i n  order t o  minimize any confusion on the p a r t  of the 
readers. 
Some ra te s  are avaiZable le.g., HC and COl and others may not 
be considered negZigibZe. 

Very truZy yours,n 

You may aZso want t o  recheck your emission ra tes .  

L V ’  
J .  Richard Sc orr, Manager 
Materials Application Section 

JRS: i w  

Encs . 



though (lie mechnnic:nl cylinder 
blowing proccss c o l ~ l r i ~ ~ i i l e d  to  
large-sc:ilc production. it \vas nn 
i n t e ~ m i l t c n t  system, ~ d n t i v e l y  slow 
and Ial~orioiis, and rcsiilicd in  con- 
sidcr:iblc w i s t e  of time a i d  mate- 
rial. Tlic product w a s  not of pnr- 
ticulnrlp soor1 quality. 

Wi th  thc  adoption of t h e  flat  
sheet mclliods. machinc cylinder 
operations shrank rapidly until 
1929 w l ~ c n  thc last cylindcr machine 
was shu t  down. Of the nearly GOO 
million scliiare feet  of sheet glass 
produced i n  1926 by 42 plants (a 
decrensc f rom 100 in  1899). 59% 
was produccd by machinc cylinder. 
29% by Colburn, 10% by Fourcnult 
and 27; by hand cylii~dcr. By 1929 
the nunibcr of opcrntiik! plants 
dropped l o  lG, tcn of \\41ich were  
using tlic co~itinuoiis fl:it sheet pro- 
cesses. Iii 1937, elcven companies 
with 21 pl:i~its. possessing a pro- 
duction cnp:icity of aboul one billion 
square  i ec t  had thc distribution 
indicnted in Table XS B-I. 

4. Fonrcalilt nrctllod 

Contiiioous flat shcot drawing 
systems dcvelopcd rnpidly a f t e r  
1913 ill tlic United Stnt rs  and  Eu-  
rope. I n  the Fourc:iult. nictliod, t h e  
sheet is drnwn verticnlly through a 
.slot.tcd rcfrnctory shnpe cnlled a 
('debilcusc'' in B contiiiuous ribbon 
as s h o \ \ ~ ~  in Fig. XS 11, 2. The  

main problcni cncounterrd in drnw- 
ing such n shect was the tcndo:cy 
of "iiccking cIo\rii" to a slender ~ o d  
or fiber. This ilil1icully \vas over- 
come through cl~i l l i~ig the  ribbon 
edges by 1i:issiiig them bet\:.ccn 
pnircd knurled smnll rolls thnt 
"gripped" the sheet edges a shor t  
d i s tmce  above t.hc debiteuse. The  
surface of the glass made in this 
way has wha t  is called a fire finish 
or  polish, which js the  bril1i:int 
surface achiev'cd by  allowing the 



L J .  .u 0 

~ I : I E S  t o  cool to riciilil,y 
:I,,,,,~: eorriinl: in corit:ict with 

..,i:::!:i: zo!icl while i t  i s  soft. IIo\v- 
, r. 11!c snliilifierl rihbon ~iosscsscs 

:::,::I liniilcil amoiint of wasi- 
. w;,idi c:iiiiiot Ix nsoided. Thcsc 

:..::;!nritirs nrisc from smn11 dif- 
, ~ , Y S  iii iiscosily due t o  cliemi- 
: :,:XI tlicmial inhomoxcncitics. 

, .  

i;.:inrls of csccllcnt procl~tction, 
u.r!l ns those of mediocre and 

*.!: ;:om ciu:ility, are experienced. 
::~q varintions cnn be at t r ibuted 
i w t  to: 

of the  dow i i \mrd  prcssirr~: on tlic 
~lcbitcusc, is cxtrullcd up  fro111 IIC. 

low. The  Icnirlli of tlia slot in the 
dcl i tcusc dcltrmincs tlic sheet  
n 4 t h .  T h e  slicct tliickiirss is af. 
fectctl by four l-actors: 
(1) Tcnipcraturc oP g1:iss in t l a  

drawing ciinmbw-thc Iii@icr I t  
is the tliimicr tlrc slicct. 

( 2 )  Dcbitciisc float lcvcl in glnss-tlic 
decpcr i t  is si:b~ner,-cd tlic Lhiclrcr 
tlic slrcct or tlic faster tiic draw. 

(S) Sheet coolers-the closcr tlkcy arc 
to the slicct nnd the lowcr tl1e 

' : clorrosion of refractories. 
': Iklcrioration of macliine pcr- 

furninncc. 
. . S!ijf!inz of the normal convectfon 

c?::rmls of the glass and of the 

tcmpcratiirc of circulating wntcr, 
the thicl~cr WIC slicct. 

( 4 )  The spccrl of arm-tlic faster tlic 
mnchinc ratc, the tliinncr the 
sheet. 

! 

glass. 
Close control and ideal conditiolls 

lead to periods of high quality pro- 
dl~ct ion.  Under  tlicsc conditions, i t  
might  be considcrcd diflicult to iden- 
t i fy  smiillcr sizes fro111 genuine plate 
glass. However, such quality, as a 
rulc, is t.he esccp:ion in  ceriain 
arcas of the sheet. Thc machine does 
no t  rcnlly form the shect. The shcct 
is l-ormcd by  the pllysicnl progerties 
of nioltcri glass as i t  i s  pulled ironi 
tlic kiln. The  machine does t!ie pull- 
i n g  2nd keeps the  sheet of CVCII 
width and thicltness. 

Compared to  the  machine c:Ainder 

a cont imous  system nrirl practically 
nll tllc m c l t ~ d  glnss cntercd i!ic l ixi l  
shcct. I n  addition, i t  conipletcly 
eliminntcd scvcral ncccssnry opcm- 
tioiis of t h e  cylinrlrr n~cthod,  such 
as cnppin6, splittilifi and fl:i:tcninc 
--:in nppreci:rlilc par t  o i  tl:c t o h l  
hbor  costs. IIo\vcscr, due to  the 
tcnipcr:iture conilitians o i  thc draw- 
in:! c11nnil~cr :r11<1 the tcilc!enc? of 211 
filnsscs to ilviitrily, the I:o~.lrc:iult 
pror:css must  IIC pcriu~lically stoppcd 
:urd thc tIr:i\vinr c l ~ : ~ : ~ i l c r s  !w:itl!il 

method, the  F0urc:iult proccss v n s  

to n Irish 
thc al:cllK 
' l i ter  this 
pcrnt11i'c. 
chilie's ba: 
Also, d l1C 

sion of t 
rcpl:lcell I 

One, t? 
times, :i, 
"canal" : 
tank. :\. 
be b:iilt 
qllclltl?, 
or  33 n'.: 
chines R 
otrsly 0: 
x id ths  
but  ni.?! 
Depe:idl 
chines i 
thicknc: 
daily c:: 
tons PEI 

5. 
Yhil. 

his co:: 
ina prc 
Anieric 
depend 
form < 
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n horizoiital lehr fo r  ;innenling (1,'ig. 
XX B, 3) .  

The use of n dcbitcuse or other  
refractory shape to crcntc the sheet 
is itnnecessary. Normally, shect 
widths from 100 up to 158 inchcs 
are drawn i n  lhickncsscs ranging  
from 0.035 to 0.22 inches. Obvi- 
ously, uniiorniity of temperature  
2nd glass composition and constant 
machine spccrls :ire prime considcra- 
tions in mnintiliiiitlg such a widc 
sheet of uniform thickness. One 
or u s u n l l ~ ,  two mxchincs linndlc t h c  
prodriction from a- Colburn proccss 

\ 
tank. _,*_ \ -7 

\ 

,- 
TABLE XX 8.111 /' 

.' LOF.ColLwm Drawing SpcsdslU '~., 
(Width 128 ineher) 

(Production mpproximately 

Thickncsi Speed 

', 
80.000 r q .  I t . / X  hours on 0.09 inch basis), 

I 
(i".bEf) (inched t 

1 - - I 

' Z  0.04 
0.315 
1.25 1.5 ,'- 

fncc i n  the drnwing ch:inibcr nntl its 
function is to ass i s t  in coi!ditiriiinlr 
t h e  gl;iss, to determilie tlic linc of 
origin of the sheet., and to cor~trol 
convection eur rcn ts  in the dl.nwiiiji 

chamber (Fig. SX B, 4) .  Usually 

i 
i 
1 

I '  

? 

. .  

i 

A 



8.13  Glass  Manufactur ing by Pam Canova 

8.13 .1  General 1 , 2 , 3 , 4  

Commercially produced g l a s s  can be c l a s s i f i e d  a s  

e i t h e r  soda- l ime,  l e a d ,  f u s e d  s i l i c a .  b o r o s i l i c a t e ,  o r  
7 
3 96% s i l i c a .  Soda-lime g l a s s ,  which c o n s t i t u t e s  

L. 

t o t a l  g l a s s  p r o d u c t i o n ,  will be d i s c u s s e d  i n  t h i s  s e c t i o n .  

Soda-1,ime g l a s s  c o n s i s t s  of  s a n d ,  l i m e s t o n e ,  soda a s h ,  

and c u l l e t  (broken  g l a s s ) .  T h e  manufacture  o f  g l a s s  

can be broken down i n t o  phases :  ( 1 )  p r e p a r a t i o n  

of raw m a t e r i a l s ,  ( 2 )  m e l t i n g  i n  a f u r n a c e ,  a 

i n g  an b4' f i n i s h i n g ,  F igu re  1 shows an o v e r a l l  

diagram f o r  g l a s s  manufac tur ing .  
> A  

The p roduc t s  o f  t h e  g l a s s  manufac tur ing  

ct ( 3 )  form- 

f low 

n d u s t r y  

a r e  c a t e g o r i z e d  a s  f l a t  g l a s s ,  c o n t a i n e r  g l a s s ,  o r  

p re s sed  and blown g l a s s .  The procedure  f o r  manufactur-  

i n g  g l a s s  i s  t h e  same f o r  a l l  t h r e e  c a t e g o r i e s  e x c e p t  

f o r  f o r m i n g  and f i n i s h i n g .  F l a t  g l a s s ,  which comprises  

2 3% of t o t a l  g l a s s  p r o d u c t i o n ,  i s  formed by e i t h e r  

t h e  f l o a t ,  d rawing ,  o r  r o l l i n g  p rocess .  Con ta ine r  

g l a s s  and p res sed  and b l o w n  g l a s s ,  which comprise  

I \ /  

u t i l i z e  e i t h e r  p r e s s i n g ,  blowing,  o r  p r e s s i n g  and 

blowing t o  form t h e  d e s i r e d  p roduc t .  

3 0 
/, ($& and '@ r e s p e c t i v e l y  o f  t o t a l  g l a s s  p r o d u c t i o n ,  

A s  raw m a t e r i a l s  a r e  r e c e i v e d ,  t hey  a r e  c rushed  

and s t o r e d  i n  s e p a r a t e ,  e l e v a t e d  b i n s .  The raw 



m a t e r i a l s  a r e  t r a n s f e r r e d  through a g r a v i t y  f e e d  system 

t o  the weigher  and mixer ,  where t h e  m a t e r i a l  and c u l l e t  

a r e  mixed t o  e n s u r e  homogeneous me l t ing .  The mix tu re  

i s  then  t r a n s f e r r e d  by conveyor  t o  t h e  batch s t o r a g e  

b i n  where i t  remains u n t i l  be ing  dropped i n t o  t h e  

f u r n a c e  f e e d e r  which i n  t u r n  s u p p l i e s  t h e  necessa ry  

raw m a t e r i a l  t o  t h e  m e l t i n g  f u r n a c e .  All  equipment 

used i n  hand l ing  and  p r e p a r i n g  t h e  raw m a t e r i a l  i s  

housed s e p a r a t e l y  from t h e  f u r n a c e  a n d  i s  u s u a l l y  r e -  

f e r r e d  t o  a s  t h e  ba t ch  p l a n t .  F igure  2 shows a f low 

\ 

diagram of  a ba t ch  p l a n t .  

of f u r n a c e  most commonly u t i l i z e d  i s  a 

c o n t i n u o u s ,  r e g e n e r a t i v e  f u r n a c e  capab le  

50 and 300 t o n s  (45 and 272  m e t r i c  

ons )  of g l a s s  p e r  day. A f u r n a c e  may have e i t h e r  s i d e  

o r  end p o r t s  connec t ing  b r i c k  checkers  t o  t h e  i n s i d e  

o f  the m e l t e r .  The purpose of  t h e  checkers  i s  t o  

conserve  f u e l  by u t i l i z i n g  t h e  h e a t  of t h e  combustion 

p roduc t s  i n  one s i d e  of t h e  f u r n a c e  t o  p r e h e a t  combustion 

a i r  i n  t h e  o t h e r  s i d e .  As m a t e r i a l  e n t e r s  the m e l t i n g  

f u r n a c e  through t h e  f e e d e r ,  i t  f l o a t s  on the t o p  of 

t h e  molten g l a s s  a l r e a d y  i n  t h e  f u r n a c e .  As i t  m e l t s ,  

i t  passes  t o  t h e  w o f  t h e  m e l t e r  and e v e n t u a l l y  

flows through a t h r o a t  connec t ing  t h e  m e l t e r  and t h e  

r e f i n e r - I n  the ref iner ,  the molten g l a s s  

/- h e a t  c o n d i t i o n e d  f o r  

I 

__ - -  

Temperatures  i n  t h e  f u r n a c e  range from 270OOF (1482 'C)  



I '  

i n  t h e  m e l t e r  t o  220OOF (1204OC) i n  t h e  r e f i n e r .  F i g u r e  3 

shows a s i d e  p o r t  and an end p o r t  r e g e n e r a t i v e  f u r n a c e .  

A f t e r  r e f i n i n g ,  t h e  m o l t e n  g l a s s  l e a v e s  t h e  f u r n a c e  
&xCcpt 4 U l  i h e  S'IcrJ I fJ[W C-' )h,CIl c,ye.5 d ,cec41y -10 -& 

t h r o u g h  f o r e h e a r t h s A a n d  goes t o  be shaped by  e i t h e r  -/-, n b&) 

p r e s s i n g  and b l o w i n g ,  d r a w i n g ,  r o l l -  

depend ing  upon t h e  d e s i r e d  p r o d u c t .  

n g  i s  p e r f o r m e d  m e c h a n i c a l l y  u s i n g  

s by  a s e t  o f  s h e a r s .  

by  p l a i n  o r  p a t t e r n e d  r o l l e r s  and, f o r  p l a t e  g l a s s ,  

r e q u i r e s  g r i n d i n g  and p o l i s h i n g .  The f l o a t  p r o c e s s  

u t i l i z e s  a m o l t e n  t i n  b a t h  o v e r  w h i c h  t h e  g l a s s  i s  

d rawn and f o r m e d  i n t o  a f i n e l y  f i n i s h e d  s u r f a c e  r e q u i r i n g  I 

no g r i n d i n g  o r  p o l i s h i n g .  Tempera tu res  d u r i n g  t h e s e  

p r o c e s s e s  r a n g e  f r o m  1472OF (800OC) t o  2012OF (110OOC). 

The p r o d u c t # w r u n d e r g o e s  f i n i s h i n g  ( d e c o r a t i n g  o r  

c o a t i n g )  and a n n e a l i n g  ( r e m o v i n g  unwanted s t r e s s  a r e a s  

i n  t h e  g l a s s ) ,  and i s  t h e n  i n s p e c t e d  and p r e p a r e d  f o r  

ShiPP 60 m a r k e t .  Any damaged o r  u n d e s i r a b l e  g l a s s  

i s  t r a n s f e r r e d  back  t o  t h e  b a t c h  p l a n t  t o  be used as  

c u l  l e t .  

8.13.2 E m i s s i o n s  and C o n t r o l s  I s 2  9 3  s4 

The m a i n  p o l l u t a n t  e m i t t e d  b y  t h e  b a t c h  p l a n t  i s  



p a r t i c u l a t e s  i n  t h e  form of  d u s t .  This  can be c o n t r o l l e d ,  

w i t h  approximate ly  99-100% e f f i c i e n c y ,  bv e n c l o s i n g  a l l  

p o s s i b l e  d u s t  s o u r c e s  and u s i n g  baghouses or c l o t h  

f i l t e r s  f o r  c o l l e c t i o n .  Another way t o  c o n t r o l  d u s t  

e m i s s i o n s ,  a l s o  w i t h  a n  e f f i c i e n c y  approaching  100%. i s  

by t r e a t i n g  t h e  ba t ch  t o  r educe  t h e  amount of f i n e  

p a r t i c l e s  p r e s e n t .  Forms o f  p r e p a r a t i o n  w o u l d  be pre-  

s i n t e r i n g ,  b r i q u e t t i n g ,  p e l l e t l z i n g ,  o r  l i q u i d  a l k a l i  

t r e a t m e n t .  

' .  

The m e l t i n g  f u r n a c e  c o n t r i b u t e s  ove r  99% o f  t h e  

o r  e scape  t o  t h e  atmosphere.  S e r i o u s  problems a r i s e  

when t h e  c h e c k e r s  a r e  n o t  p r o p e r l y  c l eaned  i n  t h a t  s l a g  

can form, c logg ing  t h e  pas sages  and e v e n t u a l l y  
'i 

d e t e r i o r a t i n g  t h e  c o n d i t i o n  and e f f i c i e n c y  of t h e  f u r n a c e .  

Nitrogen o x i d e s  form when N2 and O2 r e a c t  i n  the h i g h  

t empera tu res  of the f u r n a c e .  S u l f u r  ox ides  r e s u l t  from 

t h e  decomposi t ion of t h e  s u l f a t e s  i n  t h e  ba tch  and t h e  

f u e l .  Proper  maintenance and f i r i n g  o f  t h e  f u r n a c e  can 

c o n t r o l  e m i s s i o n s ,  w h i l e ,  a t  t h e  same t i m e ,  add t o  t h e  

e f f i c i e n c y  of the f u r n a c e  and reduce o p e r a t i o n a l  c o s t s .  

Low-pressure,  we t ,  c e n t r i f u g a l  s c r u b b e r s  have been 

used t o  c o n t r o l  p a r t i c u l a t e s  and SO,, b u t  t h e i r  low 

. 



I 

efficiency of approximately 52% indicates their 

Inability to collect particulates o f  submicron size. 

High energy Venturi scrubbers are approximately 95% 

effective in reducing particulate and SOx emissions. 

T h e  effect on NOx is unknown. Baghouses, which have 

up to 99% particulate collection efficiency, have 

been used on small, regenerative furnaces, but, due 

. 

t o  fabric corrosion, require careful temperature 

control. Electrostatic precipitators have shown to 

have an efficiency o f  up to 99% in the collection of 

particulates. 

Emissions from t h e  forming and finishing phase 

depend upon the type o f  glass being manufactured. For 

container and press and blow machines, the majority o f  

emissions result from the gob skSEi3 coming into contact 

with the machine lubricant. Emissions in the fo 

dense white cloud, which can exceed 40% opacity, are 

generated by flash vaporization o f  hydrocarbon greases 
-___. ~ 

-- - 

and oil lubricants are being replaced 

and water-soluble oils whri 

s m o k e . r F o r  1 flat glass, the only - - _- 
contributor t o  air pollutant emissions is gas combustion 

in the annealing lehr which is totally enclosed except 

for entry and exit openings. Since emissions are small 

and operational prodecures are efficient, no controls 

are utilized. c b 2 % d d w d  
A Table 8.13-1 lists emission factors for glass manufacturing. 
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1 Side port d;i-rect-f ired; continuous, regenerative furnace. 
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Emission factors are expressed as pounds of pollutant 
per ton, and kilograms of pollutant per metric ton, 
of glass produced. 

-a 

bWhen 1 iterature references reported ranges in emission 
rates, these ranges are shown in parentheses along 
with the average emission factor. Single emission 
factors are averages o f  literature data for which no 
ranges were reported .' 

\ 

'Particulates are submicron in size. 

dEmission factors for Raw Materials Handling are not 
separated into types o f  glass produced ince batch 
preparation is the same for all types. { & p - \ ~ ~ \ a + ~  eirt irsror?S,  

fControl efficiencies for t h e  varlous devices are 

gApproximately 52% efficient in reducing particulate 

hApproximately 95% efficient in reducing particulate and 

iApproximately 99% efficient in reducing particulate emissions. 

applied only t o  t h e  average emission factor. 
. .  

and SOx emissions. Effect on NO i s  unknown, 

SOx emissions. 

X 

Effect o n  NOx i s  unknown. 

&p 
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Dr. Rlchard Schorr 
B a t t e l l e  Memorial I n s t f t u t e  
505 Kfng Avenue 
Columbus, Ohlo 43201 

Dear Dr. Schorr: 
\ 

Per my conversation w l t h  your  secretary, I am sending you a 

d r a f t  o f  the  revised AP-42 sect ion on glass manufacturing. Please 

rev len It and make any notat ions as t o  technical  accuracy which you 

fee l  needs to be changed. As we have ten ta t i ve l y  se t  a deadline f o r  

our next supplement, I would appreclate having the d r a f t  back I n  

about two weeks I f  your schedule permits. 

Sincerely yours, 

Pamela Canova 
Engineer Trainee 

Requests and Information Section 
Natlonal A i r  Data Branch 

Enclosure 

NADB: PCANOVA: by1 : rm647:MU :x5395: 10/12/77 



8.13 Glass  Manufacturing by Pam Canova 

8.13.1 General 1 s2,3 ,4  

Commercially produced g l a s s  can be c l a s s i f i e d  as  

e i t h e r  soda- l ime,  l e a d ,  fu sed  s i l i c a ,  b o r o s i l i c a t e ,  o r  

96% s i l i c a .  Soda-lime g l a s s ,  which c o n s t i t u t e s  90% of  

t o t a l  g l a s s  p roduc t ion ,  will  be d i scussed  i n  t h i s  s e c t i o n .  

Soda-lime g lass  c o n s i s t s  of s a n d ,  l imes tone ,  soda a s h ,  

a n d  c u l l e t  (broken g l a s s ) .  The manufacture of g l a s s  

can be broken down i n t o  t h r e e  phases :  ( 1 )  p r e p a r a t i o n  

of raw m a t e r i a l s ,  ( 2 )  mel t ing  i n  a f u r n a c e ,  a n d  ( 3 )  form- 

i n g  and f i n i s h i n g .  F igu re  1 shows an o v e r a l l  f low 

diagram f o r  glass  manufac tur ing .  

The products  of t h e  g l a s s  manufactur ing i n d u s t r y  

a r e  c a t e g o r i z e d  a s  f l a t  g l a s s ,  c o n t a i n e r  g l a s s ,  o r  

pressed  a n d  blown g l a s s .  The procedure f o r  manufactur- 

i n g  g l a s s  i s  t h e  same f o r  a l l  t h r e e  c a t e g o r i e s  excep t  

f o r  forming a n d  f i n i s h i n g .  F l a t  g l a s s ,  w h i c h  comprises 

16% of t o t a l  g l a s s  p r o d u c t i o n ,  i s  formed by e i t h e r  

t h e  f l o a t ,  d r a w i n g ,  o r  r o l l i n g  p rocess .  Conta iner  

g l a s s  a n d  pressed and blown g l a s s ,  which comprise 

63% and 23% r e s p e c t i v e l y  of t o t a l  g l a s s  p roduc t ion ,  

u t i l i z e  e i t h e r  pressing,  b l o w i n g ,  o r  pressing and 

blowing t o  form t h e  d e s i r e d  p roduc t .  

As raw m a t e r i a l s  a r e  r e c e i v e d ,  t hey  a r e  crushed 

and  s to red  i n  s e p a r a t e ,  e l e v a t e d  b ins .  The raw 



m a t e r i a l s  a r e  t r a n s f e r r e d  through a g r a v i t y  feed  system 

t o  t h e  weigher and mixer ,  where t h e  m a t e r i a l  and c u l l e t  

a r e  mixed t o  ensu re  homogeneous me l t ing .  The mixture  

i s  then t r a n s f e r r e d  by conveyor t o  t h e  batch s t o r a g e  

b i n  where i t  remains u n t i l  being dropped i n t o  t h e  

furnace  f e e d e r  which i n  turn s u p p l i e s  t h e  necessary  

raw m a t e r i a l  t o  t h e  me l t ing  f u r n a c e .  All  equipment 

used i n  h a n d l i n g  and p repa r ing  t h e  raw m a t e r i a l  i s  

housed s e p a r a t e l y  from t h e  f u r n a c e  and i s  u s u a l l y  r e -  

f e r r e d  t o  a s  t h e  batch p l a n t .  F igure  2 shows a f low 

diagram of a ba t ch . ;p l an t .  

The type of fu rnace  most commonly u t i l i z e d  i s  a 

d i r e c t - f i r e d ' ,  con t inuous ,  r e g e n e r a t i v e  fu rnace  capable  

of producing between 50 and 300 t o n s  ( 4 5  and 272 m e t r i c  

t o n s )  of g l a s s  per  day. A f u r n a c e  may have e i t h e r  s i d e  

o r  end p o r t s  connec t ing  b r i c k  checkers  t o  t h e  i n s i d e  

o f  t h e  m e l t e r .  The purpose of t h e  checkers  i s  t o  

conserve f u e l  by u t i l i z i n g  t h e  h e a t  o f  t h e  combustion 

products  i n  one s i d e  of the f u r n a c e  t o  p rehea t  combustion 

a i r  i n  t h e  o t h e r  s i d e .  As m a t e r i a l  e n t e r s  t he  mel t ing  

fu rnace  through t h e  f e e d e r ,  i t  f l o a t s  on t h e  top  o f  

t h e  molten g l a s s  a l r e a d y  i n  t h e  fu rnace .  As i t  m e l t s ,  

i t  pas ses  t o  t h e  r e a r  of t h e  m e l t e r  and e v e n t u a l l y  

flows through a t h r o a t  connec t ing  the  m e l t e r  and t h e  

r e f i n e r .  In t h e  r e f i n e r ,  t h e  molten g l a s s  i s  mixed t o  

a s s u r e  homogeneity and h e a t  cond i t ioned  f o r  d u r a b i l i t y .  

Temperatures i n  t h e  fu rnace  range from 2700'F (1482oC) 



i n  the  m e l t e r  t o  2200°F (1204OC) i n  t h e  r e f i n e r .  F igure  3 

shows a s ide  p o r t  a n d  an end p o r t  r e g e n e r a t i v e  f u r n a c e .  

After r e f i n i n g ,  t he  molten g l a s s  l e a v e s  t h e  f u r n a c e  

through f o r e h e a r t h s  and goes t o  be shaped by e i t h e r  

p r e s s i n g ,  b l o w i n g ,  pressing a n d  b l o w i n g ,  drawing, r o l l -  

i n g ,  o r  f l o a t i n g ,  depending u p o n  t h e  d e s i r e d  p roduc t .  

P re s s ing  a n d  blowing i s  performed mechanica l ly  u s i n g  

b l a n k  m o l d s  and g l a s s  c u t  i n t o  gobs by a s e t  of s h e a r s .  

In the  drawing p r o c e s s ,  molten g l a s s  i s  drawn upward 

through r o l l e r s  w h i c h  form and c o n t r o l  t h e  th i ckness  of  

t h e  shee t  g l a s s .  The r o l l i n g  process  i s  s i m i l a r  t o  t he  

drawing p rocess  e x c e p t  t h a t  t h e  glass  i s  drawn h o r i z o n t a l l y  

by p l a i n  

r e q u i r e s  

u t i l i z e s  

c o a t i n g )  

i n  t h e  g 

shi p p l  n g  

i s  t r a n s  

c u l l e t .  

o r  p a t t e r n e d  r o l l e r s  and, f o r  p l a t e  g l a s s ,  

g r i n d i n g  and p o l i s h i n g .  The f l o a t  p rocess  

a m o l t e n  t i n  b a t h  o v e r  w h i c h  the  g l a s s  i s  

d r a w n  an-  formed i n t o  a f i n e l y  f i n i s h e d  s u r f a c e  r e q u i r i n  

no g r i n d i n g  or p o l i s h i n g .  Temperatures d u r i n g  t h e s e  

p rocesses  range  from 1472°F (8OOOC) t o  2012°F ( l l O O ° C ) .  

T h e  p roduct  theri undergoes f i n i s h i n g  ( d e c o r a t i n g  o r  

a n d  annea l ing  (removing unwanted s t ress  a r e a s  

a s s ) ,  and i s  then i n s p e c t e d  and prepared f o r  

t o  market.  Any damaged o r  u n d e s i r a b l e  g l a s s  

e r r e d  back t o  t he  ba tch  p l a n t  t o  be used a s  

I 

1 s2,3,4 8.13.2 Emissions a n d  C o n t r o l s  

The ma in  p o l l u t a n t  e m i t t e d  by the  batch p l a n t  i s  



p a r t i c u l a t e s  i n  t h e  form o f  d u s t .  This  can be c o n t r o l l e d ,  

w i t h  approximately 99-100% e f f i c i e n c y ,  by  enc los ing  a l l  

p o s s i b l e  d u s t  sou rces  a n d  u s i n g  baghouses or c l o t h  

f i l t e r s  f o r  c o l l e c t i o n .  Another way t o  c o n t r o l  d u s t  

emis s ions ,  a l s o  w i t h  a n  e f f i c i e n c y  approaching l o o % ,  i s  

by t r e a t i n g  t h e  batch t o  reduce t h e  amount of f i n e  

p a r t i c l e s  p r e s e n t .  Forms of  p r e p a r a t i o n  wou ld  be pre-  

s i n t e r i n g ,  b r i q u e t t i n g ,  p e l l e t i z i n g ,  or l i q u i d  a l k a l i  

t r e a t m e n t .  

t o t a  

b o t h  

P a r t  

The mel t ing  fu rnace  c o n t r i b u t e s  over  99% of t h e  

emiss ions  from t h e  g l a s s  p l a n t .  In t h e  f u r n a c e ,  

p a r t i c u l a t e s  andCgaseous p o l l u t a n t s  a r e  e m i t t e d .  

c u l a t e s  a r e  produced when carbon d iox ide  bubbles 

propel p a r t i c l e s  o u t  of t h e  me l t ing  ba tch .  These a r e  

e i t h e r  c o l l e c t e d  i n  t h e  checker-work and gas pas sages ,  

o r  escape  t o  t h e  atmosphere.  S e r i o u s  problems a r i s e  

when t h e  checkers  a r e  n o t  p rope r ly  cleaned i n  t h a t  s l a g  

can form, c logging  t h e  passages  and e v e n t u a l l y  

d e t e r i o r a t i n g  t h e  c o n d i t i o n  and e f f i c i e n c y  o f  t h e  f u r n a c e .  

Nitrogen oxides  form when N 2  and O2 r e a c t  i n  t h e  h i g h  

t empera tures  of  t h e  fu rnace .  S u l f u r  ox ides  r e s u l t  from 

t h e  decomposition of t h e  s u l f a t e s  i n  t h e  batch and t h e  

f u e l .  Proper  maintenance and f i r i n g  o f  t h e  fu rnace  can 

con t ro l  e m i s s i o n s ,  w h i l e ,  a t  t h e  same t ime ,  add t o  t h e  

e f f i c i e n c y  of t h e  fu rnace  a n d  reduce o p e r a t i o n a l  c o s t s .  

Low-pressure,  wet ,  c e n t r i f u g a l  s c rubbe r s  have been 

used t o  c o n t r o l  p a r t i c u l a t e s  and S O x ,  b u t  t h e i r  low 



efflciency of approximately 52% indicates their 

inability to collect particulates of submicron size. 

High energy Venturi scrubbers are approximately 95% 

effective in reducing particulate and.SOx emissions. 

The effect on NO, is unknown. Baghouses, which have 

u p  to 99% particulate collection efficiency, have 

been used on small, regenerative furnaces, but, due 

to fabric corrosion, require careful temperature 

control. Electrostatic precipitators have shown to 

have an efficiency of up to 99% i n  the collection of 

particulates. 

Emissions from the forming and finishing phase 

depend upon the type of glass being manufactured. For 

container and press and blow machines, the majority of 

emissions result from the gob shears coming into contact 

with the machine lubricant. Emissions I n  the form of a 

dense w h i k  cloud, which can exceed 40% opacity, are 

generated by flash vaporization of hydrocarbon greases 

and oils. Grease and oil lubricants are being replaced 

by silicone emulsions and water-soluble oils which 

virtually eliminate the smoke. For flat glass, the only 

contributor t o  alr pollutant emissions is gas combustion 

i n  t h e  annealing lehr which is totally enclosed except 

for entry and exlt openings. Since emissions are small 

and operational prodecures are efficient, no controls 

are utilized. 
Table 8.13-1 lists emission factors for glass manufacturing. 



1 
Side p o r t  d i r ec t - f i r ed ,  continuous, regenerative furnace. 

I 
End port  d i r ec t - f i r ed ,  continuous, regenerative furnace. . . .  . 

Figure 3 



aEmission factors are expressed as pounds of pollutant 
per ton, and kilograms of pollutant per metric ton, 
of glass produced. 

bWhen 1 iterature references reported ranges i n  emission 
rates, these ranges are shown i n  parentheses along 
with the average emission factor. Single emission 
factors are averages of literature data for which no 
ranges were reported. 

‘Particulates are submicron i n  size. 

dEmission factors for Raw Materials Handling are not 
separated into types of glass produced since batch 
preparation is the same for all types. 

eNegligi ble. 

fControl efficiencies for the various 
applied only to the average emission 

gApproximately 52% efficient i n  reduc 
and SOx emissions. Effect on NO is 

X 

devices 
factor. 

n g  part 
unknown 

are 

culate 

hApproximately 95% efficient i n  reducing particulate and 

iApproximately 99% efficient in reducing particulate emissions. 

jThis comparatively large emission factor is probable 

SOx emissions. Effect on NOx is unknown. 

due to the small size o f  t h e  melting furnace used for 
producing pressed and blown glass. 

kData not available. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
Office of Air Quality Planning and Standards 

Research Triangle Park, North Carolina 2771 1 
5 41 pR,t~' 

M r .  Philip C. James 
President 
National Glass Association 
8200 Greensboro Drive, Suite 302 
McLean, Virginia 22102 

Dear Mr. James: 

The Emission Factor and Inventory Group of the 
U. S. Environmental Protection Agency (EPA) is currently updating 
the document Compilation of Air Pollutant Emission Factors, 
Volume I: Stationary Point and Area Sources (known more commonly 
as AP-42). As part of this process, we are now seeking 
additional emission data and updated process descriptions for 
sections that are being revised. 

Enclosed is a copy of the existing Section 8.13, Glass 
Manufacturing (Enclosure 1). As you can see from the enclosed 
copy, the AP-42 section is based on data that are more than 
15 years old and may not reflect current manufacturing processes 
and the emissions associated with those processes. Also enclosed 
(Enclosure 2) is a list of more recent emission test reports that 
we are planning to use to revise the AP-42 section on glass 
manufacturing. If you are aware of additional emission data that 
we could use to develop emission factors for glass manufacturing, 
we would appreciate your assistance in obtaining copies of the 
data. Please note that the emission factors presented in AP-42 
.generally are based upon results from validated tests or other 
emission evaluations that are similar to EPA reference test 
methods. We also would appreciate comments on the process 
description and description of emissions and controls included in 
the enclosed AP-42 section. 

We would appreciate a response to this request by March 3 ,  
1995. If you have any questions or need additional information 
regarding this effort, I can be reached by telephone at 
(919) 541-5407 or by fax at (919) 541-0684. I look forward to 
hearing from you soon. 

Sincerely, 

Ronald E. Myers 
Emission Factor and Inventory Group 
Emission, Monitoring, and Analysis Division 

2 Enclosures 



IDENTICAL LETTER SENT TO THE FOLLOWING ADDRESSEES 

. Mr, Lewis D. Andrews 
President 
Glass Packaging Institute 
1627 K Street, N.W., Suite 800 
Washington, D.C. 20006 

Mr. William J. Burch 
Administrator 
Primary Glass Manufacturers Council 
3310 S.W. Harrison Street 
Topeka, Kansas 66611-2279 



8.13 GLASS MANUFACTURING 

8.13.1 GenerallJ 

Commercially produced glass can be classified as soda-lime, lead, fused silica, borosilicate, or 
96 percent silica. Soda-lime glass, since it constitutes 77 percent of total glass production, is 
discussed here. Soda-lime glass consists of sand, limestone, soda ash, and cullet (broken glass). The 
manufacture of such glass is in four phases: (1) preparation of raw material, (2) melting in a furnace, 
(3) forming, and (4) finishing. Figure 8.13-1 is a diagram for typical glass manufacturing. 

The products of this industry are flat glass, container glass, and pressed and blown glass. 
The procedures for manufacturing glass, except forming and finishing, are the same for all products. 
Container glass and pressed and blown glass, 51 and 25 percent, respectively, of total soda-lime glass 
production, use pressing, blowing, or pressing and blowing to form the desired product. Flat glass, 
which is the remainder, is formed by float, drawing, or rolling processes. 

As the sand, limestone and soda ash raw materials are received, they are crushed and stored 
in separate elevated bins. These materials are then transferred through a gravity feed system to a 
weigher and mixer, where the material is mixed with cullet to ensure homogeneous melting. The 
mixture is conveyed to a batch storage bin, where it is held until it is dropped into the feeder to the 
melting furnace. All equipment used in handling and preparing the raw material is housed separately 
from the furnace and is usually referred to as the batch plant. Figure 8.13-2 is a flow diagram of a 
typical batch plant. 

The furnace most commonly used is a continuous regenerative furnace capable of producing 
between 45 and 272 megagrams (Mg) (50 and 300 tons) of glass per day. A furnace may have either 
side or end ports that connect brick checkers to the inside of the melter. The purpose of brick 
checkers (Figures 8.13-3 and 8.134) is to conserve fuel by collecting furnace exhaust gas heat which, 
when the air flow is reversed, is used to preheat the furnace combustion air. As material enters the 
melting furnace through the feeder, it floats on the top of the molten glass already in the furnace. As 
it melts, it passes to the front of the melter and eventually flows through a throat leading to the 
refiner. In the refiner, the molten glass is heat-conditioned for delivery to the forming process. 
Figures 8.13-3 and 8.134 show side-port and end-port regenerative furnaces. 

After refining, the molten glass leaves the furnace through forehearths (except in the float 
process, in which molten glass moves directly to the tin bath) and goes to be shaped by pressing, 
blowing, pressing and blowing, drawing, rolling, or floating to produce the desired product. Pressing 
and blowing are performed mechanically, using blank molds and glass cut into sections (gobs) by a 
set of shears. In the drawing process, molten glass is drawn upward in a sheet through rollers, with 
the thickness of the sheet determined by the speed of the draw and the configuration of the draw bar. 
The rolling process is similar to the drawing process except that the glass is drawn horizontally on 
plain or patterned rollers and, for plate glass, requires grinding and polishing. The float process is 
different from the drawing process, having a molten tin bath over which the glass is drawn and 
formed into a finely finished surface requiring no grinding or polishing. The end product undergoes 
finishing (decorating or coating) and annealing (removing unwanted stress areas in the glass) as 
required and is then inspected and prepared for shipment to market. Any damaged or undesirable 
glass is transferred back to the batch plant to be used as cullet. 

10186 Mineral Products Industry 8.13-1 



i 
0 

I 

I 

4 0 FINISHING 

PACKING 

+. 

Recycle I 

RAW MATERIAL 
HANDLING 

SCC: 3-05-014-10 

SCC: 3-05-014-06, 07. 08 

I I  

0 0  MELTING 
SCC: 3-05-014-02.03, @4 

Undesirable 
Glass 

lNSPECTION 
AND 

TESTING 

KEY 

0 PM emissions 
@ Gaseous emissions 

8.13-2 

STORAGE OR 

/ 

Figure 8.13-1. Process flow diagram for the glass manufacturing. 
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Figure 8.13-2. General diagram of a batch plant. 
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Figure 8.13-3. Side port cominuour regenerative furnace. 

Figure 8.13-4. End port continuous regenerative furnace. 
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8.13.2 Emissions and Controls'J 

The main pollutant emitted by the batch plant is particulate matter (I'M) in the form of dust. 
This dust can be controlled with 99 to 100 percent efficiency by enclosing all possible dust sources 
and using baghouses or cloth filters. Another way to control dust emissions, also with an efficiency 
approaching 100 percent, is to treat the batch to reduce the amount of fine particles present by 
presintering, briquetting, pelletizing, or liquid alkali treatment. 

The melting furnace contributes over 99 percent of the total emissions from a glass plant, both 
PM and gaseous pollutants. Particulate matter results from volatilization of materials in the melt that 
combine with gases and form condensates. These either are collected in the checker work and gas 
passages or are emitted to the atmosphere. Serious problems arise when the checkers are not properly 
cleaned, in that slag can form, clog the passages, and eventually deteriorate the condition and 
efficiency of the furnace. Nitrogen oxides (NO,) form when nitrogen and oxygen react in the high 
temperatures of the furnace. Sulfur oxides (SO,) result from the decomposition of the sulfates in the 
batch'and sulfur in the fuel. Proper maintenance and firing of the furnace can control emissions, add 
to the efficiency of the furnace, and reduce operational costs. Low-pressure wet centrifugal scrubbers 
have been used to control PM and SO,, but their inefficiency (approximately 50 percent) indicates 
their inability to collect particulate matter of submicron size. High-energy venturi scrubbers are 
approximately 95 percent effective in reducing PM and SO, emissions. Their effect on NO, 
emissions is unknown. Baghouses, with up to 99 percent PM collection efficiency, have been used on 
small regenerative furnaces, but fabric corrosion requires careful temperature control. Electrostatic 
precipitators have an efficiency of up to 99 percent in collecting particulate matter. Table 8.13-1 
presents emission factors for emissions of SO,, NO,,, carbon monoxide (CO), and volatile organic 
compounds (VOC's) from glass manufacturing. Emission factors for emissions of PM and lead are 
presented in Table 8.13-2. Table 8.13-3 presents particle size distributions and corresponding 
emission factors for uncontrolled and controlled glass melting furnaces. 

Emissions from the forming and finishing phase depend upon the type of glass being 
manufactured. For container, press, and blow machines, the majority of emissions results from the 
gob's coming into contact with the machine lubricant. Emissions, in the form of a dense white cloud 
that can exceed 40 percent opacity, are generated by flash vaporization of hydrocarbon greases and 
oils. Grease and oil lubricants are being replaced by silicone emulsions and water-soluble oils, which 
may virtually eliminate this smoke. For flat glass, the only contributor to air pollutant emissions is 
gas combustion in the annealing lehr (oven), which is totally enclosed except for product entry and 
exit openings. Because emissions are small and operational procedures are efficient, no controls are 
used on flat glass processes. 

10/86 Mineral Products Industry 8.13-5 



TABLE 8.13-1 (METRIC UNJTS) 
EMISSION FACTORS FOR GLASS MANUFACTURINGa~b 

All Emission Factors in Kgh4g of Material Processed Unless Noted 
Ratings (A-E) Follow Each Emission Factor 
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TABLE 8.13-1 (ENGLISH UNITS) 
EMISSION FACTORS FOR GLASS 

AU Emission Facton, in LblTon of M a u d  Roccssed Unless Noted 
Ratings (A-E) Follow Each Emission Factor 

Source (SCC) 

Raw materills handling all typu of gllss 
0-05-014-lO)C 

sox NOx co voc 
0 B 0 B 0 B 0 B 

*esscd and blown glass 

Melting furnace (3-05-01444)d 5.6 
(1.1-10.9) 

Melting furnace with low energy scrubber 

Melhng furnace with venhrri scrubber 

C305-014-04)d.' 

(3-05-014.04)d.f 

B 8.5 B 0.2 B 0.3 B 
(0.8- (0.1- (0.1- 
20.0) 0.3) 1 .O) 

Melting furnace with baghouse 

Meltinp. furmcewith ESP 0-05-01444$A 

(3-0sol4.04)d.g 
5.6 

5.6 

Ncg. 

ND 

- 
Forming and finishing (305-014-0S)'j 

B 8.5 B 0.2 B 0.3 B 

B 8.5 B 0.2 B 0.3 B 
B Neg. B Ncg. B 9.0 B 

ND ND ND ND ND ND ND u d  glass mmulachrring all proccsscs 
(3-05-0 1 4 - 3  

2.7 1 B I 8.5 I B I 0.2 I B I 0.3 1 B 

0.3 1 B I 8.5 B 1 0.2 I B I 0.3 I B 
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TABLE 8.13-1 (ENGLISH UNITS) (continued) 

Neg. = Negligible. 
N D - N o d a h .  
*FE& qrcsent  uncontrolled emissions un~cas otherwise noted. 
bRcfmncw 2-3,s. Ranges in parentheses, wherc available. 
'Not scpantcd  into typw of g h a  produced, since lutch prrplntion is the same for dl tupu. Pam'eulate cmissiom are 

dControl efficienciw for the various devices arc applied only to the avenge emission factor. 
cApproxiuutely 52% efficiency in reducing pUticul.tc and aulfur oxidw emissions. Effect on nitrogen oxides is unknown. 
fApproxirmtely 95% efficiency in reducing particulate and sulfur oxide emissions. Effect on nitrogen oxidu is u-n. 
gApproximuely 99% efficiency in reducing puticul.co emissions. 
hc.lculnrcd using dah for funucw mdting sod. lime and l u d  glasses. No dah available for borosilicate or 0p.l gl-. 
'Organic emissions M from decorating p-. Can bc controlled by incineration, absorption or condensation, but 

jFor container and prwsed and blown glass. ti0 chloride, hydrated tin chloride and hydrogen chloride are  SO emiacd 

negligible bcuusc almost dl phta  Utilize some form Of COrIaOI (?.e., baghouse, scrubbers, centrifugal ~ol lec to~) .  

efficiencies are not known; 

during surface treatment proccss at a rate of CO.1 kglMg (0.2 Iblton) wch. 
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source (SCC) 
Raw material handling dl types of glw (3-0S-014-10)d 

ll Melting funucc (3-05-01442)c 1 ' 0.7 I B I ND I H Container glass 

Filterablec 

PM Lead 
Neg. I ND I 

Melting furnace with low energy scrubber (3-0S-01dM)c.f 
Melting furnace with venturi scrubber (3-05-01442)c~~ 

Melting furnace with baghouse (3-0S-01442)c~ 
Melting furnace with ESP (3-05-014-02)c~i 
Forming and 6nishing (3305-014-063 

I 
I I( Melting furnace (3-05-014-03)5 1 .o B 

~ 

(0.44.9) 

0.4 B ND 
co.1 B ND 
Ncg. ND 
Neg. ND 
Neg. 

Ncg. * Negligible. 
ND - No data. 
'Factors represent uncontrolled emissions unless othenvise noted. 
bRcferences 2-3, 5. Ranges in parentheses, where available. 
cFilterablc PM is thrt PM collected on or prior IO the filter of an EPA Method 5 (or quivalcnt) smpling trin. 
dNot scpanted into typzs of glass produced. since batch preparation is the Same for dl fypes. P d c u l n k  emissions are 

CControl efficiencies for the various devices are applied only to h e  average emission factor. 
'Approximately 52% efficiency in reducing ppm'culate and sulfur oxides emissions. Effect on nitrogen oxides is unknown. 
gApproximately 95% efficiency in reducing pdcu l i t e  and sulfur oxide emissions. Effect on nitrogen oxides is unknown. 
'Approximately 99% efficiency in reducing ppm'culate emissions. 
~Calculatcd using dah for furnaces melting scda h e  and lead glasses. No data available for borosilicate or opal glwes. 
JFor contniner and pressed and blown glass, tin chloride, hydrated tin chloride and hydrogen chloride are also e m i d  

'References 67. Ppm'culate containing 23 % lad.  

negligible bcuusc almost all plants utilize some form of control (?.e., baghouse, scrubbers, centrifugal collcctorr). 

during surface truhnent process at a rate of <0.1 kglMg (0.2 Iblton) uch. 
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TABLE 8.13-2 (ENGLISH UNITS) 
EMISSION FAmORS FOR GLASS MANUFACTURING a*b 

All Emission Factors in Lb/Ton of Material Processed Unless Noted 
Ratings (A-E) Follow Each Emission Factor 

Neg.'- Negligible. 
ND = No data. 
'Factors represent unconmolled emissions unless otherwise noted. 
bReferences 2-3, 5 .  Ranges in parentheses, where available. 
'Filterable PM is that PM collected on or prior to the 6lter of 
dNot scparaled into types of glass produced, since batch prcpvltion is fhe same for all types. Particulate emissions are 

cConkol efficiencies for the Various devices are applied only to the average emission factor. 
'Approximately 52% efficiency in reducing particulate and sulfur oxides emissions. Effect on nitrogen oxides is unknown. 
'Approximately 95% efficiency in reducing particulate and sulfur oxide emissions. Effect on nitrogen oxides is unknown. 
hApproximately 99% efficiency in reducing particulate emissions. 
]Calculated using data for furnaces melting soda lime and lead glasses. No data available for borosilicate or opal glrssu. 
'For c o n h e r  and pressed and blown glass, tin chloride, hydrated tin chloride and hydrogen chloride are also emiacd 

'References 67. Particulate conraining 23 % lead. 

EPA Method 5 (or quivalent) "mpling @in. 

negligible bemuse almost all plants utilire some form of control (Le., baghouse, scrubbers, cenhifugal collectors). 

during surface treatment process at a rate of CO.1 kglMg (0.2 Iblton) each. 
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TABLE 8.13-3 PARTICULATE MATTER SIZE-SPECIFIC EMISSION FACTORS FOR MELTING 
FURNACES IN GLASS MANUFACTURING~.~ 

Diameter, 
microns 

2.5 
6.0 
10 

EMISSION FAfTOR RATING: E 
- 

Cumulative % less than diamaer 

Uncontrolled ESP controlled" kgMg Iblton 

Emission factorc 

91 53 0.64 1.2 
93 66 0.65 1.3 
95 75 0.66 1.3 
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Diameter, 
microns 

2.5 
6.0 
10 

TABLE 8.13-3 PARTICULATE MATl'ER SIZE-SPECIFIC EMISSION FACTORS FOR MELTING 
FURNACES IN GLASS MANUFACTURING..~ 

EMISSION FACTOR RATING: E 

Cumulative 46 less than diameter 

Uncontrolled ESP controlledd kgmg Ib/ton 

Emission factor' 

91 53 0.64 1.2 
93 66 0.65 1.3 
95 75 0.66 1.3 

'References 8- 1 1. 
bFactors represent uncontrolled emissions unless otherwise noted. 
'Uncontrolled size specific emission factors based on mass particulate emission factor of 0.7 k g m g  
glass produced, from Table 8.13-2. Sue specific emission factor = mass particulate emission factor 
x particle s u e  distribution in percent/100. After ESP control, size specific emission factors are 
.negligible. 

'Reference 8. Based on a single test. 
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EMISSION TEST REPORTS FOR GLASS MANUFACTURING 

Facility - name City State Test date - 
American National Can Co. - Wilson NC 10/13/89 
American National Can Co. 
Ball-Incon Glass 
Coming Asahi Video Prducts Co 
Coming Asahi Video Prducts Co 
Coming Glass Works 
Coming Glass Works 
Dynasil Corp. 
Foster Forbes Glass Div. 
Kimble Glass 
Kimble Glass 
Occidental Chemical Corp. 
Occidental Chemical Corp. 
Owens-Brockway Glass Container 
Owens-Brockway Glass Container 
Owens-Brockway Glass Container 
Owens-Brockway Glass Container 
PQ Corporation 
PQ Corporation 
Potters Industries, Inc. 
Potters Industries, Inc. 
Potters Industries, Inc. 
Potters Industries, Inc. 
Wheaton Industries 

Wilson 
Dunkirk 
State College 
State College 
State College 
State College 
Berlin 
Millville 
Vineland 
Vineland 
Jersey City 
Oxnard 
Oakland 
Oakland 
Oakland 
Oakland 
Baltimore 
Bal timore 
Apex 
Apex 
Apex 
Apex 
Millville 

NC 09/30/91 
IN 05/25/94 
PA 11/10/88 
PA 11/29/89 
PA 09/09/88 
PA 04/26/89 
NJ 05/23/91 
NJ 05/03/90 
NJ 12/20/90 
NJ 07/30/91 
NJ 02/07/89 
CA 05/25/93 
CA 05/16/90 
CA 03/06/92 
CA 11/13/92 
CA 01/28/93 
MD 12/19/90 
MD 07/24/91 
NC 09/02/87 
NC 0811 6/88 

NC 08/24/89 
NJ 08/29/91 

NC * 10/11/88 
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Primary Gla&Manufa&s Council 
P G M C  

February 24, 1995 

Ronald Myers 
USEPA 
Office of Air Quality Planning and Standards 
Research Triangle Park, NC 27711 

Dear MI. Myers: 

I am in receipt of your letter addressed to William Birch regarding the updating of the 
"Compilation of Air Pollutant Emission Factors, Volume I: Stationary Point and Area 
Sources" (commonly referred to as AI'-42). 

The Primary Glass Manufacturers Council is extremely interested in this document and we 
need to have some time to review the data and consider a response. It would be very 
helpful if you could allow us an additional 60 days to respond to your request. 

Thank you for your assistance in this matter. 

Sincerely, 

James C. Benney 
Technical Director 
James C. Benney 
Technical Director 

3310 SW HARRISON ST TOPEKA KS 66611-2279 (913) 266-3666 FAX: (913) 266.0272 
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Mr. Ron Myers 
Emission Factor and Methodologies 

Emission Inventory Branch 
U.S. Environmental Protection Agency 
Office of Air Quality Planning & Standards 
Research Triangle Park, NC 27711 

Dear Mr. Myers: 

This letter is in follow-up to your request to review 
the publication, Comuilation of Air Pollutant Emission 
Factors. Volume I: Stationary Point and Area Sources, 
otherwise known as AP-42. 

A group of our members specifically reviewed Section 8.13, 
Glass Manufacturing, and at this time, offer no additional 
changes to the data and information contained in the 
current version of AP-42. 

We would appreciate having the opportunity to review other 
documents in the future that pertain to the glass and 
glazing industry. 

Thank you. Please call me if you have any questions. 

section 

sincerely, /l 

4 4 u  rolyn A. Lugbi 1, Director 
Government & Industry Affairs 

I 
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