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1. SUMMARY 

The term "mineral  wool" can be used t o  descr ibe  any f i b r o u s  g lassy 

substance made from minera ls  o r  minera l  products. 

t h i s  study, minera l  wool has been de f i ned  t o  i nc lude  on ly  those f i b e r s  

made p r i m a r i l y  f rom natura l  rock o r  m e t a l l u r g i c a l  slag. Mineral  wool i s  

w ide ly  used as a s t r u c t u r a l  and i n d u s t r i a l  i n s u l a t i o n  and i n  o the r  

products  where t h e  f i b e r  i s  added t o  impar t  s t r u c t u r a l  s t reng th  o r  f i r e  

res is tance.  

For t h e  purpose o f  

The number o f  minera l  wool p l a n t s  peaked a t  between 80 and 90 i n  t h e  

1950's and then dec l ined as f i b r o u s  g lass  wool penetrated t h e  i n s u l a t i o n  

market. There are abou 26 m ne ra l  wool p l a n t s  c u r r e n t l y  opera t ing  i n  

t h e  Uni ted States. 

m e t a l l u r g i c a l  s lag  w i t h  concent ra t ions  o f  p l a n t s  be ing i n  Indiana, 

Alabama, Pennsylvania, and Texas. The remaining p lan ts  a re  loca ted  i n  

10 o ther  States. 

Q 
These p lan ts  are t y p i c a l l y  l oca ted  near a source o f  

Dur ing t h e  years 1972 t o  1976, minera l  wool i n s u l a t i o n  shipments 

were est imated t o  be about 600 m i l l i o n  pounds per  year, growing a t  an 

annual r a t e  o f  l ess  than 2 percent. Th i s  compares t o  an annual growth 

r a t e  o f  17 percent f o r  f ib rous  g lass  i n s u l a t i o n  du r ing  the  1960 t o  1974 

per iod.  To ta l  minera l  wool i n s u l a t i o n  sa les  were approximately 80 t o  100 

m i l l i o n  d o l l a r s  i n  1976, w i t h  t h e  l a r g e s t  manufacturer having sales of 35 
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t o  37 m i l l i o n  d o l l a r s .  Sales o f  minera l  wool i n s u l a t i o n  have grown s ince 

t h e  e a r l y  1960's a t  an annual r a t e  of 3 percent  i n  constant  d o l l a r s .  

The demand f o r  minera l  wool has h i s t o r i c a l l y  fo l lowed the  general 

,.conomic c y c l e  s ince  the  m a j o r i t y  o f  i n s u l a t i o n  m a t e r i a l s  have been used 

i n  t h e  cons t ruc t i on  o f  new housing. 

income t a x  c r e d i t  f o r  energy conservat ion expendi tures on e x i s t i n g  homes 

would g r e a t l y  increase the  demand f o r  i n s u l a t i o n ,  b u t  t h i s  r e t r o f i t  

market has n o t  developed and mineral  wool manufacturers a re  c u r r e n t l y  

opera t ing  a t  about 60 percent  o f  capaci ty .  I f  an increase i n  sales were 

t o  occur, exfs i i ' i ig  manufactur ing c a p a b i l i t i e s  o f  t h e  i n s u l a t i o n  i n d u s t r y  

should be s u f f i c i e n t  t o  meet any foreseeable demand. 

I t  was a n t i c i p a t e d  t h a t  t h e  1977 

Despi te  e x i s t i n g  i n s u l a t i o n  product ion capac i t y  and lack  o f  

increased demand, t h e  capac i ty  equ iva len t  o f  one new minera l  wool p l a n t  

cou ld  be b u i l t  i n  the  nex t  5 years i n  an area o f  t h e  country  where i t  

cou ld  compete f o r  the  e x i s t i n g  i n s u l a t i o n  market. 

M inera l  wool i s  manufactured by m e l t i n g  rock  and s l a g  i n  a cupola 

The molten minera ls  a re  f i b e r i z e d  on a sp inn ing  us ing  coke as f u e l .  

r o t o r  us ing  a h igh  v e l o c i t y  stream o f  a i r  o r  s t e a W t o  a s s i s t - i n   fiber ~ ~ ~ ~= ~ 

a t tenuat ion .  

; a  co!!ected nn a w i r e  mesh conveyor i n  an area known as t h e  blowchamber. 

Minera l  wool con ta in ing  t h e  b inder  i s  cured i n  an oven, c u t  i n t o  ba t t s ,  

and u s u a l l y  covered w i t h  a vapor b a r r i e r  o f  t r e a t e d  paper o r  f o i l .  For 

loose wool products, no b ind ing  agent i s  app l i ed  and t h e  cu r ing  oven i s  

e l im ina ted .  

~ ~~~~~ 

~~ ~~ ~ ~ ~ 

~ ~~~~~ ~~~ 

~~ 

An o i l  o r  b ind ing  agent i s  app l i ed  t o  the  f i b e r  be fore  i t  

- -  

The major sources of einissions from t h e  manufactur ing of minera l  

wool a re  the  cupolas, blowchambers, and c u r i n g  ovens. A t y p i c a l  minera l  
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wool p l a n t  has two p a r a l l e l  p roduc t ion  l i n e s ,  a b a t t  l i n e  and a wool 

l i n e .  The b a t t  l i n e  cons is ts  o f  a cupola, blowchamber, and c u r i n g  oven. 

The wool l i n e  has on ly  a cupola and a blowchamber. 

The most s i g n i f i c a n t  emission source i n  the  process i s  t h e  cupola, 

w i t h  approximately 3600 Mglyear (3960 - Tonslyear)  o f  carbon monoxide (CO)  

be ing emi t ted  from a t y p i c a l  p lan t .  A CO c o n t r o l  system i s  c u r r e n t l y  i n  

opera t ion  a t  on l y  one Uni ted States p l a n t ,  and i t  i s  est imated t h a t  a 

98 percent c o n t r o l  e f f i c i e n c y  cou ld  be achieved w i t h  c o n t r o l l e d  emissions 

o f  180 Mglyear. Uncont ro l led  p a r t i c u l a t e  emissions from t h e  cupolas 

a t  a t y p i c a l  p l a n t  a re  about 366 Mglyear (403 Tonslyear) ,  b u t  ac tua l  

emissions would be c o n t r o l l e d  t o  approximately 54 Mglyear (59 Tonslyear)  

t o  comply w i t h  the  t y p i c a l  S I P .  Baghouses a r e  app l ied  t o  two- th i rds  o f  

t h e  cupolas i n  operat ion,  a l though cyclones, scrubbers, and ESP's a re  

a l so  used t o  c o n t r o l  cupola p a r t i c u l a t e  emissions. P a r t i c u l a t e  emissions 

from the  cupolas a t  a t y p i c a l  p l a n t  cou ld  be reduced t o  10 Mqlyear 

(11 Tonslyear)  i f  baghouse performance equ iva len t  t o  t h e  average f o r  

baghouse t e s t  r e s u l t s  repor ted  i n  t h i s  s tudy i s  assumed. 

Minera l  wool blowchambers are  a s i g n i f i c a n t  source o f  p a r t i c u l a t e s  

and are  c o n t r o l l e d  by low energy wet scrubbers a t  about h a l f  t h e  p lan ts .  

L i n t  cages are  the  n z x t  most common c o n t r o l  device i n  operat ion.  

Emissions from the  blowchambers a t  a p l a n t  c o n t r o l l e d  t o  meet a t y p i c a l  

S I P  would be about 39 Mglyear (43 Tonslyear) .  

repo r ted l y  i n  use on blowchamber exhausts, bu t  no t e s t  r e s u l t s  cou ld  be 

obtained du r ing  t h i s  study. 

blowchamber p a r t i c u l a t e  emissions t o  23 mglscm (0.01 g r / s c f ) ,  then 

blowchamber emissions from a t y p i c a l  p l a n t  cou ld  be reduced t o  14 Mglyear 

(1  5 Tons/year). 

Two f a b r i c  f i l t e r s  a r e  

Assuming a f a b r i c  f i l t e r  could l i m i t  
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ihe curing oven is a smaller source of particulate emissions than 

the cupola and blowchamber. 

typical curing oven are about 14 Mglyear (15 Tons/year). Approximately 

kilf the plants for which data were reported use afterburners to control 

particulate and volatile organic compound (VOC) emissions from curing 

ovens. 

using a direct-flame afterburner. 

where air at ambient temperatures i s  forced through the cured wool. 

Uncontrolled particulate emissions from the 

A test indicates that a 50 percent reduction can be achieved 

A cooling section follows the oven 

Nationwide emissions of primary pollutants produced by the mineral 

wuol manufacturing industry, operated at full capacity and controlled 

to meet the SIP 'S ,  are estimated below: 

Particulates Carbon Monoxide 
Process Source Mglyear (Tonslyear) Mg/year (Tons/year) 

Cupolas 1,450 (1,600) 95,600 (105,300) 

B1 owchambers 1,040 (.1,150) 

Curing Ovens 270 (290) 

Cooler 190 (210) 
- 

~ ~~ 

~ ~ ~ ~~ ~ ~ ~ ~ 

~~ ~ 

~ ~~ ~ 
~~~ 

~ ~ ~~ ~~~ ~ 
~~ ~~~~~ 

~~~~ 

Totals 2,950 (3,250)~~ ~ 95,600~ ~ ~(105,300) 

There are other pollutants emitted from the process, 

poilutant generally controlled by the SIP'S is particulate matter. 

detailed emission inventory is contained in Table 5-10. 

However, the only 

A 

States typically regulate mineral wool manufacturing under general 

process emission regulations. 

allowable particulate emissions is E = 3 . 5 9 ~ O . ~ ~  where E is the allowable 

emissions in lbs/hour and p is the pi-GC2S: weight rate in tons/hour. 

The most common formula for determining 
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There are EPA reference methods for evaluation of several pollutants 

emitted by mineral wool processes; a list of methods that may be applied 

to mineral wool manufacturing is contained in Chapter 7. 

It is not recommended that an NSPS be developed for the mineral wool 

manufacturing industry at this time due to the following factors: 

* The mineral wool industry is currently operating at about 60 

percent of capacity. 

increased demand even if the insulation market were greatly stimulated. 

Existing production capacity is sufficient to meet 

* Growth of the industry is considered unlikely. Construction of 

one new plant in the next 5 years is possible, but expansion by more than 

one plant is considered to be improbable at this time. 

* The emission reduction potential of an NSPS for particulates is 

approximately 72 Mg/year (80 Tons/year) if cupola, blowchamber, and curing 

oven particulate emissions from one new plant were controlled by NSPS. 

The emission reduction potential for cupola CO emissions is estimated to 

be 3,420 Mglyear. 

* Existing State regulations control particulate emissions from 

the cupola and blowchamber so that the maximum impact on ambient air 

quality is estimated to be less than 3 percent of the 24-hour national 

primary ambient air quality standard and less than 2 percent of the annual 

national primary ambient air quality standard. The maximum estimated carbon 

monoxide concentration for uncontrolled cupolas was also estimated to be 

less than 5 percent of the CO 1-hour national primary ambient air quality 

standard and less than 10 percent of the 8-hour national primary ambient 

air quality standard. 

1-5 



2. INTRODUCTION 

Minera l  wool i s  a w ide ly  used s t r u c t u r a l  and i n d u s t r i a l  i n s u l a t i o n  

ma te r ia l  which i s  manufactured p r i m a r i l y  f rom na tu ra l  rock and meta l -  

l u r g i c a l  s lag.  Al though sometimes considered t o  be minera l  wool, f i b r o u s  

g lass wool was excluded from t h i s  survey. 

I n  a t y p i c a l  process, s lag  and rock  a r e  melted i n  a cupola us ing  

coke as f u e l .  The molten minera ls  a re  dra ined from the  furnace and 

dropped on a sp inn ing r o t o r  t o  f i b e r i z e  t h e  ma te r ia l .  

c rea te  a downdraft, the  minera l  f i b e r  i s  then c o l l e c t e d  on a w i r e  mesh 

conveyor i n  an area known as the  blowchamber. The wool may then be 

granulated and packaged f o r  shipment o r  conveyed t o  an oven f o r  c u r i n g  o f  

a b inder  which adds s t r u c t u r a l  r i g i d i t y  t o  t h e  i n s u l a t i o n .  

f i b e r  b lanket  may then be c u t  i n t o  b a t t s  and covered w i t h  a vapor b a r r i e r  

of t r ea ted  paper o r  f o i l .  

Using fans t o  

The cured 

Those emission sources p r i m a r i l y  examined du r ing  t h i s  study were the  

exhausts f rom minera l  wool cupolas, blowchambers, and cu r ing  ovens. 

Emissions from o the r  minera l  wool manufactur ing processes were judged 

n o t  t o  be s i g n i f i c a n t  enough t o  be considered f o r  development o f  new 

source performance standards. 

The a u t h o r i t y  t o  promulgate standards o f  performance f o r  new sources 

i s  der ived  from Sect ion 111 o f  the  Clean A i r  Act. Under the  Act, t h e  

Admin is t ra to r  o f  the  Uni ted States Environmental P ro tec t i on  Agency i s  
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directed to establish standards relating to the emission of air 

pollutants and is accorded the following powers: 

1. Identify those categories of stationary emission sources that 

contribute significantly to air pollution, the emission of which could 

be reasonably anticipated to endanger the public health and welfare. 

2. Distinguish among classes, types, and sizes within categories 

of new sources for the purpose of establishing such standards. 

3 .  Establish standards of performance for stationary sources which 

reflect the degree of emission reduction achievable through application 

U; ths b x t  system o f  continuous emission reduction, taking into con- 

sideration the cost, energy, and environmental impacts associated with 

such emission reduction. 

The term "stationary source" means any building, structure, facility, 

or installation which emits or may emit any air pollutants. 

considered new if its construction or modification is commenced after 

publication o f  the proposed regulations. 

an existing source to such standards are considered to be any physical 

change in the source or change in methods of operation whi.ch  results in ~ ~ 

an increase in the amount of any air pollutant emitted. 

subjecting an existing source to these standards are considered to be any 

replacement of components of an existing facility the fixed capital cost 

of which exceeds 50 percent of the fixed capital cost that would be 

required t o  construct a comparable entirely new facility. 

under which a modified or reconstructed source i s  subject to an NSPS are 

defined iri Title 40, Code of Federal Regulations, Part 60. 

A source is 

Modifications subjecting 

~~ ~~ ~~ 

~~~~~~~ 

~~~~~ 

~~ ~ ~~ ~ 

Reconstructions 

The conditions 
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The Clean A i r  Act  amendments o f  1977 r e q u i r e  promulgat ion o f  the  new 

Source standards on a g r e a t l y  accelerated schedule. As p a r t  of t h e  

schedule, t h i s  source category survey was performed t o  determine i f  

development o f  new source performance standards f o r  the  minera l  wool 

manufactur ing i n d u s t r y  was j u s t i f i e d  and t o  i d e n t i f y  what processes and 

po l l u tan ts ,  i f  any, should be sub jec t  t o  regu la t i on .  I n  determin ing 

P r i o r i t i e s  f o r  promulgat ing new source standards, t h e  f o l l o w i n g  are  

considered : 

1. The q u a n t i t y  o f  a i r  p o l l u t a n t  emissions which each source 

category w i l l  emi t  o r  w i l l  be designed t o  emit. 

2. The ex ten t  t o  which each p o l l u t a n t  may reasonably be a n t i c i p a t e d  

t o  endanger p u b l i c  hea l th  o r  wel fare.  

3 .  The m o b i l i t y  and compet i t i ve  na ture  o f  each source category and 

the consequent need f o r  n a t i o n a l l y  app l i cab le  new source performance 

standards. 

In format ion necessary f o r  development o f  the  minera l  wool manufactur ing 

source category survey was gathered through t h e  f o l l o w i n g  a c t i v i t i e s :  

1. C o l l e c t i o n  o f  process and emission data from l i t e r a t u r e  searches 

and contacts  w i t h  S ta te  and l o c a l  a i r  p o l l u t i o n  c o n t r o l  agencies. 

2. V i s i t i n g  several  mineral  wool p l a n t s  t o  develop an understanding 

of manufactur ing processes, and t o  c o l l e c t  data on opera t ing  a i r  p o l l u t i o n  

con t ro l  equipment. 

3 .  Contact ing representa t ives  o f  indus t ry ,  t rade associat ions,  and 

government agencies t o  gather in fo rmat ion  on cu r ren t  mineral  wool 

product ion and pro jec ted  i ndus t r y  expansion. 
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3. CONCLUSIONS AND RECOMMENDATIONS 

3.1 CONCLUSIONS 

The number o f  minera l  wool p l a n t s  has decreased from more than 80 i n  

t h e  1950's t o  about 26 p l a n t s  i n  1979. 

p lan ts  i s  p r i m a r i l y  due t o  t h e  pene t ra t i on  o f  t h e  i n s u l a t i o n  market by 

f i b r o u s  g lass and c e l l u l o s i c  mater ia ls .  

Th is  d e c l i n e  i n  t h e  number o f  

The o i l  embargo o f  1973 - 1974 and t h e  f o l l o w i n g  OPEC p r i c e  

esca la t ions  r e s u l t e d  i n  increased i n t e r e s t  i n  energy conservat ion i n  new 

and e x i s t i n g  s t ruc tu res .  

minera l  i n s u l a t i o n  ( f i b r o u s  g lass and minera l  wool) i ndus t r y  doubled 

produc t ion  capac i ty  du r ing  t h e  1970's i n  a n t i c i p a t i o n  o f  f u r t h e r  

increases i n  t h e  i n s u l a t i o n  market. 

demand were heightened by t h e  1977 income tax  c r e d i t  f o r  energy 

conservat ion expendi tures on e x i s t i n g  homes and announcement o f  Minimum 

Proper ty  Standards by t h e  Department o f  Housing and Urban Development, 

which spec i f y  thermal i n s u l a t i o n  e f f i c i e n c i e s  f o r  new housing. 

As a r e s u l t  o f  increased consumer demand, 

Expectat ions o f  g r e a t l y  increased 

Large increases i n  demand f o r  i n s u l a t i o n  product ions which were 

a n t i c i p a t e d  a few years ago have not  developed. 

capac i t y  which was added i n  t h e  l a s t  several  years has not  been u t i l i z e d ,  

and the  minera l  wool i ndus t r y  i s  c u r r e n t l y  opera t ing  a t  about 60 percent 

o f  capaci ty .  If t h e  i n s u l a t i o n  market were g r e a t l y  s t imulated,  e x i s t i n g  

manufactur ing capac i t y  should be s u f f i c i e n t  t o  supply any foreseeable 

Mineral  wool p roduc t ion  
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demand. ' I n  1977, i t  was estima.ted t h a t  the t h e n  ex is t ing  production 

capacity and committed capacity expansion could supply s u f f i c i e n t  

materials t o  insu la te  the 25.5 mill ion housing uni t s  needing insulat ion 

improvement by 1981 i f  the ac t iv i ty  was r e s t r i c t e d  t o  a t t i c s  only,  o r  by 

1983 i f  upgrading included sidewalls as  well a s  a t t i c s .  I f  only s ingle-  

family dwellings were r e t r o f i t t e d ,  the thermal improvement could be 

completed in l e s s  time. 

Two new mineral wool plants have begun operation in the l a s t  2 

years .  

begin uperatic: ;n 1980. 

s ingle  production l i n e ;  the other plant was constructed with two production 

l i nes  b u t  one of those l i nes  has never been p u t  i n to  operation. 

been estimated t h a t  a t  least 2 years would be required t o  b r i n g  a new 

mineral wool plant on l ine. '  

apparently planned a t  the time when increased demand f o r  insulat ion was 

ant ic ipated and ex is t ing  plants were operating near capacity.  

One plant i s  current ly  under construction and i s  scheduled t o  

Two of these plants  were b u i l t  w i t h  only a 

I t  has 

These most recent ly  constructed p lan ts  were 

In the  past  2 years ,  a t  l e a s t  2 mineral wool plants  have closed. 
~ ~ ~~ 

- - - - - - -  ~~~~~~~ 

~~~~ = ~ ~ ~~~ ~~~ 

~ ~~~ 

One plant was operated by the U.S. Gypsum-Company- and-  the^ o ther  .by   the ~ ~ ~ 

Johns-Manville Corporation. 

mineral wool f i b e r  which was used i n  the manufacturing of ce i l i ng  t i l e .  

Before closing t h e i r  operations,  Johns-Manville performed a de ta i led  

market survey and determined tha t  there was no national demand f o r  bulk 

mineral wool. 

The Johns-Manville p lan t  produced only bulk 

2 

Despite the ex is t ing  lack of increased demand f o r  insu la t ion ,  i t  i s  

s t i l l  possibie t h a t  the ninera! !.roo1 i n d u s t r y  will  add the capacity 

equivalent o f  one new plant in the next 5 years.  Both raw mater ia ls  
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and f i n i s h e d  products a re  bulky,  making i t  economical ly a t t r a c t i v e  f o r  a 

p l a n t  t o  l o c a t e  e i t h e r  near a source o f  raw mate r ia l s  o r  product demand. 

A new minera l  wool p l a n t  could compete f o r  the  e x i s t i n g  i n s u l a t i o n  market 

i n  some areas o f  the  country  where reg iona l  compet i t ion was n o t  great.  

Major mod i f i ca t i ons  o r  recons t ruc t ions  t o  e x i s t i n g  p lan ts  a re  n o t  

considered l i k e l y  t o  occur i n  s i g n i f i c a n t  numbers due t o  c u r r e n t  market 
\ 

I cond i t i ons  and e x i s t i n g  produc t ion  capac i ty .  

Data were obta ined f o r  both uncont ro l led  and c o n t r o l l e d  emissions 

from the  minera l  wool process from several  S ta te / l oca l  c o n t r o l  agencies. 

Data summaries were u t i l i z e d  from these t e s t  repo r t s  t o  determine 

p o l l u t a n t  concentrat ions from con t ro l  devices, uncont ro l led  and c o n t r o l l e d  

emission fac to rs ,  and amounts o f  p o l l u t a n t s  emi t ted  from t y p i c a l  minera l  

wool processes. There are s i x  p a r t i c u l a t e  emission t e s t s  f o r  baghouse 

con t ro l  o f  cupolas, one p a r t i c u l a t e  t e s t  f o r  an ESP on a c u r i n g  oven, 

and one t e s t  o f  CO emissions from a cupola CO c o n t r o l  system which would 

r e q u i r e  review i n  d e t a i l  i f  a study t o  develop an NSPS were t o  be i n i t i a t e d .  

De ta i l ed  t e s t  data would have t o  be obta ined from t h e  con t ro l  agencies 

and/or p l a n t s  be fore  such a rev iew could be accomplished. 

There are  EPA re fe rence methods f o r  eva lua t ion  o f  some p o l l u t a n t s  

emi t ted  by minera l  wool processes. 

Chapter 7 o f  t h i s  repo r t .  

These re fe rence methods a r e  l i s t e d  i n  

The emission reduc t ion  achievable w i t h  an NSPS, impact o f  

p o l l u t a n t ( s )  on p u b l i c  hea l th  o r  wel fare,  and t h e  a b i l i t y  o f  the  source 

t o  l o c a t e  i n  S ta te (s )  w i t h  l e s s  s t r i n g e n t  a i r  p o l l u t i o n  standards than 

o the r  States were the  major f a c t o r s  considered be fore  making a recom- 

mendation whether an NSPS should o r  should n o t  be developed f o r  minera l  
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wool manufacturing.’ A description of how these factors were analyzed is 

outlined in the following discussion. 

The most significant emission source in the mineral wool process is 

the cupola. 

at an approximate uncontrolled rate of 3,600 Mglyear of carbon monoxide. 

A h C O  control system i s  operating at 1 United States plant, and a recent 

test has indicated a control efficiency as high as 98 percent. If a 

more conservative control efficiency of 95 percent is assumed, carbon 

monoxide emissions could be reduced to 180 Mglyear, a reduction equivalent 

to about 3,420 Mgiyear for each new piant constructed. 

amount of an uncontrolled pollutant is the particulate emitted from the 

cupolas which amounts to about 366 Mg/year, but the actual emissions would 

be controlled to approximately 54 Mglyear to comply with the typical SIP. 

Baghouses are applied to two-thirds of the cupolas although cyclones 

(alone or in combination with other devices), wet scrubbers, and an ESP 

are also used to control cupola particulate emissions. If baghouse 

performance equivalent to the average of the control led emission factor 

contained in Table 6-2 is used as a basis, cupola particulate emissions 

from a typical plant could be reduced to about 10 Mg/year, or a decrease 

ef approximately 44 ??g/year for each new plant constructed. There are 

emissions of sulfur oxides, hydrogen sulfide, and nitrogen oxides from 

the cupola, but no control technology has been demonstrated for these 

pollutants at any United States plants. 

The largest emission of a pollutant occurs from the cupola 

-. ine next greatest 

~~~~ ~ ~~ ~~~ ~~ ~ ~~ ~~~ ~~~~ ~~~ ~ ~~~ 

The mineral wool blowchamber is a significant particulate source, 

and the most commonly applied control devices are low energy scrubbers 

which are used at about half the plants. Lint cages are the next most 
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commonly used c o n t r o l  device w i t h  a few cyclones repo r ted l y  i n  use. 

emissions from blowchambers would be 39 Mglyear a t  a minera l  wool p l a n t  

complying w i t h  the  S I P .  

c o n t r o l  blowchamber p a r t i c u l a t e  emissions al though no t e s t  r e s u l t s  cou ld  

be obta ined du r ing  t h i s  study f o r  t h i s  app l i ca t i on .  I f i t  i s  assumed t h a t  

f ab r i c  f i l t e r s  can reduce blowchamber emissions t o  0.011 g r / s c f  ( t h i s  

degree o f  c o n t r o l  i s  repor ted  i n  Table 6-3 f o r  a wet scrubber and ESP 

combination and, f o r  the purposes o f  t h i s  analys is ,  i t  was assumed t h a t  

f ab r i c  f i l t r a t i o n  cou ld  achieve equ iva len t  r e s u l t s ) ,  then blowchamber 

emissions would be reduced t o  about 14 Mglyear, a reduc t i on  o f  about 

25 Mg/year f o r  each new p l a n t  constructed. The blowchambers a r e  a l s o  

sources o f  some v o l a t i l e  organic  compounds (VOC) and two a f te rbu rne rs  

a re  repor ted  t o  be used t o  c o n t r o l  blowchamber emissions. However, the  

l a r g e  volume o f  a i r  t y p i c a l l y  exhausted from blowchambers would probably  

make opera t ing  cos ts  p r o h i b i t i v e  f o r  a f t e r b u r n e r  con t ro l  o f  blowchamber 

exhausts a t  most p lan ts ,  and no emission reduc t i on  b e n e f i t  f o r  blowchamber 

VOC emissions was considered f o r  t h a t  reason. 

The 

Two f a b r i c  f i l t e r s  a r e  repor ted  t o  be used t o  

The c u r i n g  oven i s  a smal ler  source o f  p a r t i c u l a t e  than t h e  cupola 

and blowchamber, bu t  about h a l f  o f  the  p lan ts  f o r  which data were 

repor ted  use a f te rbu rne rs  t o  c o n t r o l  p a r t i c u l a t e  and VOC emissions from 

c u r i n g  ovens. 

oven p a r t i c u l a t e  emissions was assumed based upon a t e s t  repor ted  i n  

AP-40 f o r  a d i rec t - f l ame a f te rbu rne r  c o n t r o l 1  i n g  c u r i n g  oven p a r t i c u l a t e .  

On t h i s  basis,  i t  i s  est imated t h a t  uncon t ro l l ed  p a r t i c u l a t e  emissions 

could be reduced from 14 Mglyear t o  7 Mglyear o r  a reduc t i on  o f  3 Mglyear 

from the  10 Mglyear emission l e v e l  of t h e  t y p i c a l  S I P  fo r  each new p l a n t  

cons t ruc t ion .  

An emission reduc t i on  o f  50 percent  o f  uncon t ro l l ed  c u r i n g  
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The emission reduc t i on  p o t e n t i a l l y  achievable by development o f  

an NSPS was ca l cu la ted  assuming the  cons t ruc t i on  o f  one new p l a n t  o r  

equ iva len t  w i t h i n  the  nex t  5 years. 

t h e r e  i s  a p o s s i b i l i t y  t h a t  a new p l a n t  w i l l  be b u i l t  even though e x i s t i n g  

produc t ion  capac i t y  f a r  exceeds c u r r e n t  demand. A t  t h i s  time, i t  i s  

considered u n l i k e l y  t h a t  a d d i t i o n a l  growth w i l l  occur. The emission 

reduc t i on  achievable a t  the  end o f  t h e  5-year per iod  by an NSPS f o r  carbon 

monoxide and p a r t i c u l a t e s  from cupolas and p a r t i c u l a t e s  from blowchambers 

and c u r i n g  ovens i s  summarized below: 

Due t o  reg iona l  market cons iderat ions,  

Emission Reductions Achievable by NSPS - Mq/year 

co P a r t i c u l a t e s  - 
Cupola 44 3,420 

Blowchamber 25 -- 
Cur ing Oven 3 _ _  

T o t a l s  72 3,420 

An es t imate  o f  the  impact o f  minera l  wool manufactur ing emissions 

on t h e  ambient environment was evaluated by c a l c u l a t i n g  maximum ground 

l e v e l  concentrat ions us ing  two s i m p l i f i e d  Gaussian d ispers ion  models. The 

p o l l u t a i i t s  evaluated were carbon monoxide emissions from minera l  wool 

cupolas and p a r t i c u l a t e  emissions from cupolas and blowchambers. An 

uncon t ro l l ed  emission r a t e  was assumed f o r  cupola CO emissions under 

the  t y p i c a l  S I P  emission standard s ince  o n l y  one p l a n t  has a c o n t r o l  

system f o r  cupola CO emissions wh i l e  emission r a t e s  equ iva len t  t o  t h e  

t y p i c a l  SIP were assumed f o r  p a r t i c u l a t e  emissions from the cupola 

and blowchamber. 

~~ 
~ 

~ 
~ 

~ 
~~~ 

~~ 
~ ~~ ~ 

The maximum ambient p a r t i c u l a t e  concentrat ions were 
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est imated t o  be l ess  than 3 percent  o f  the  24-hour na t i ona l  pr imary 

ambient a i r  q u a l i t y  standard f o r  t o t a l  ,suspended p a r t i c u l a t e  and less  than 

2 percent o f  the  annual na t i ona l  pr imary ambient a i r  q u a l i t y  standard 

f o r  t o t a l  suspended p a r t i c u l a t e  f rom e i t h e r  the cupola o r  blowchamber 

complying w i t h  the  t y p i c a l  S I P .  

concentrat ion f o r  an uncon t ro l l ed  cupola was less  than 5 percent of t h e  

CO 1-hour na t i ona l  pr imary ambient a i r  q u a l i t y  standard and l e s s  than 

10 percent of the  CO 8-hour na t i ona l  pr imary ambient a i r  q u a l i t y  standard. 

The maximum est imated ambient CO 

For cupolas equipped w i t h  CO c o n t r o l  systems, the  maximum est imated 

1-hour and 8-hour concentrat ions are  l ess  than 1 percent o f  t h e  respec t i ve  

na t i ona l  pr imary ambient a i r  q u a l i t y  standards. P lan t  l o c a t i o n  appears 

t o  be genera l l y  dependent upon a source o f  raw mater ia ls ,  e s p e c i a l l y  s lag,  

and market cons iderat ions.  

S ta te  emission standards i s  no t  l i k e l y  t o  be as major a cons idera t ion  

i n  s i t e  s e l e c t i o n  as would the  market area t o  be served by a new p lan t .  

It i s  n o t  recommended t h a t  an NSPS be developed f o r  minera l  wool 

Se lec t i on  o f  a s i t e  based upon l e s s  s t r i n g e n t  

manufactur ing a t  t h e  present time. 

recommendation are: 

The f a c t o r s  t h a t  support  t h i s  

* The minera l  wool manufactur ing i ndus t r y  i s  p resen t l y  opera t ing  a t  

about 60 percent o f  capaci ty .  

i n s u l a t i n g  ma te r ia l s  even w i t h  s t rong s t i m u l a t i o n  o f  the  market. 

a r e  a t  l e a s t  two i d l e  minera l  wool p l a n t s  which cou ld  poss ib ly  be brought  

i n t o  product ion i f  the  i n s u l a t i o n  market improved s i g n i f i c a n t l y .  

S u f f i c i e n t  excess capac i ty  e x i s t s  t o  supply 

There 

* Growth i s  considered f a i r l y  u n l i k e l y  f o r  the  minera l  wool indus t ry .  

One p l a n t  cons t ruc t i on  i n  t h e  nex t  5 years i s  a p o s s i b i l i t y ,  b u t  expansion 

by more than one p l a n t  would have t o  be considered as improbable unless 

market cond i t ions  change d r a s t i c a l l y .  
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* The emission reduction potential o f  an NSPS for particulates is 

approximately 72 Mglyear if cupola, blowchamber, and curing oven emissions 

of one new plant are controlled with NSPS. 

for cupola carbon monoxide emissions is estimated to be 3,420 Mglyear. 

The emission reduction potential 

* An estimate of maximum impact on ambient air quality indicates 

that existing SIP'S control cupola and blowchamber particulate emissions 

to less than 3 percent of the 24-hour and less than 2 percent o f  the 

annual average national primary ambient air quality standards. The 

maximum estimated CO concentrations were found to be less than 5 percent 

of the 1-hour and iess tnari 10 percent o f  the 8-hour national primary 

ambient air quality standards. 
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4. INDUSTRY DESCRIPTION 

4.1 SOURCE CATEGORY 

"Mineral  wool" i s  a term t h a t  can be used t o  descr ibe any f i b r o u s  

g lassy substance made from minera ls  (e.g., na tu ra l  rock) o r  minera l  

products (e.g., s lag  o r  g lass) .  For t h e  purpose o f  t h i s  study, minera l  

wool has been de f ined t o  i nc lude  on ly  those f i b e r s  made from natura l  

rock ( rock wool), s lag  ( s l a g  wool), o r  a mix tu re  o f  rock and slag. 

Thus, f i b r o u s  glass wool has been excluded. 

Minera l  wool cons i s t s  o f  s i l i c a t e  f i b e r s  t y p i c a l l y  4 t o  7 micro- 

meters i n  diameter. It i s  w ide ly  used as a s t r u c t u r a l  and i n d u s t r i a l  

i n s u l a t i o n  and i n  the  manufactur ing o f  o the r  products where t h e  f i b e r  i s  

added t o  impar t  s t r u c t u r a l  s t reng th  o r  f i r e  res is tance.  Uses o f  minera l  

wool i nc l  ude: 

* "Blowing" wool o r  "pour ing" wool t h a t  can be blown pneumatical ly 

o r  poured by hand i n t o  t h e  s t r u c t u r a l  spaces o f  bu i l d ings .  

* Bat ts ,  which may be covered with a vapor b a r r i e r  o f  paper o r  

f o i l ,  shaped t o  f i t  between t h e  s t r u c t u r a l  members o f  bu i ld ings .  

* I n d u s t r i a l  and commercial products such as h igh dens i t y  f i b e r  

f e l t s  and b lankets  used f o r  i n s u l a t i n g  b o i l e r s ,  ovens, pipes, 

r e f r i g e r a t o r s ,  o r  o the r  process equipment. 

* Bulk f i b e r  t h a t  i s  used as a r a w  ma te r ia l  i n  t h e  manufactur ing 

o f  o ther  products, such as c e i l i n g  t i l e ,  w a l l  board, spray-on 

i n s u l a t i o n ,  cement, and mortar. 
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Some crude forms of slag wool were produced as  ear ly  as  1840, b u t  

i t  was n o t  un t i l  l a t e  in the 19th century t h a t  mineral wool was 

manufactured on a modest scale.  

processes began operation in Manchester, England, around 1885, using 

b l a s t  furnace s lag a s  a raw material .  C . C .  Hal l ,  using natural ly  

occurring 1 imestone a s  a raw mater ia l ,  f i r s t  manufactured rock wool 

about 1900 in Alexandria, Indiana. 

rock wool process, a t  l e a s t  one s lag wool plant  was in operation i n  the 

United States .  

in the  ea r ly  19OO’s, i t  was not u n t i l  a f t e r  the  f i r s t  World War t h a t  

mineral wool began t o  acquire a substant ia l  market. By 1939, there were 

25 mineral wool plants  operating in the United S ta tes .  

One of the f i r s t  successful s lag  wool 

Pr ior  t o  the development o f  Hal l ’ s  

Although several mineral wool plants were in operation 

1 

The number of mineral wool plants peaked a t  between 80 and 90 

plants  i n  the 1950’s and then declined a s  f ibrous glass  insulat ion 
L penetrated the market which had previously been held by mineral wool. 

Many of the plants  which closed were small, s ing le  l i n e  f a c i l i t i e s  

_which have been replaced by-larger, mult i - l ine in s t a l l a t ions .  Today, about 

26 mineral wool plants  a r e  operating i n  the United States .  Table 4-1 i s  

a l i s t i n g  of mineral wool manufactur ing f a c i l i t i e s .  One new mineral wool 

plant  i s  presently under construction in Woodbridge, Virginia,  and i s  

scheduled t o  begin operation in  1980. 



Table 4-1. Mineral Wool Manufacturers 

A1 abama 

Celotex 
Rockwool Manufacturing Company 
U. S. Gypsum Company 

California 

Rockwool Industr ies  

Colorado 

Rockwool Industr ies  

I1 1 inoi s 

Forty E i g h t  Insulations 

Indiana 

Cel otex 
Guardian Industries 
L. C. Cassidy and Son 
Johns-Manville Corporation 
Rockwool Industr ies  
U. S .  Gypsum Company 

Minnesota 

Carney Insulation 
Conwed Corporation 

Missouri 

Eagle-Picher Corporation 
Rockwool Industr ies  

New Jersey 

U. S. Mineral Products 

Birmingham 
Leeds 
Birmingham 

Fontana 

Pueblo 

Aurora 

Lagro 
Huntington 
Wabash 
A1 exandri a (c losing 9/79) 
A1 exandria 
Wabash 

Ma n k a t  o 
Red Wing 

Jopl i n  
Cameron 

Stanhope 
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Table 4-1. Mineral  Wool Manufacturers (Continued) 

Nor th Caro l ina 

Spr ing Hope Rockwool 

Ohio 

F o r t y  E igh t  I n s u l a t i o n s  

- 

Pennsylvania 

Bethlehem Steel  Corporat ion 
Cel o tex 

Tennessee 

F i b e r f i n e  

Texas 

Mineral  Wool Manufactur ing 
Rockwool 1 n d u s t r i  es 
U. S. Gypsum Company 

Washington 

U. S. Gypsum Company 

Spr ing Hope 

A1 1 i ance 

Bethlehem ( 2  p l a n t s )  
P i  t t s t o n  

Memphis 

Rogers 
Bel t o n  
Corsicana 

Tacoma 
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When examining product ion and growth o f  the  minera l  wool 

manufactur ing indus t ry ,  i t  i s  impor tan t  t o  consider  the  i n f l uence  of 

the  o ther  types of thermal i n s u l a t i o n  ma te r ia l s  which compete w i t h  

minera l  wool f o r  the  e x i s t i n g  market. 

thermal i n s u l a t i o n  ma te r ia l s  used i n  r e s i d e n t i a l ,  commercial, and 

i n d u s t r i a l  s t ruc tu res :  f i b r o u s  g lass  wool, minera l  wool, ce l l u lose ,  

minera l  granules, foams, i n s u l a t i n g  board, and aluminum f o i l .  However, 

f i b r o u s  g lass wool, minera l  wool, and c e l l u l o s e  account f o r  t h e  vas t  

m a j o r i t y  o f  the  value o f  shipments i n  t h e  i n s u l a t i o n  i ndus t r y .  

There are  seven pr imary types o f  

I n s u l a t i o n  p roper t i es  o f  a m a t e r i a l  a r e  measured i n  "R" values. 

"R" i s  a measure o f  res is tance t o  conduct ion o f  heat; t h e  h igher  t h e  "R" 

value, the  grea ter  t h e  res i s tance  t o  heat  t r a n s f e r  through the  ma te r ia l .  

F ibrous g lass  i n s u l a t i o n  has a thermal res i s tance  of approximately 

R-3.2 per i n c h  o f  th ickness  f o r  b a t t s  and 2.2 f o r  b lowing wool. The 

i n s u l a t i o n  i s  r e l a t i v e l y  l i g h t w e i g h t  as compared t o  minera l  wool and 

c e l l u l o s e  i nsu la t i on .  

Whi le minera l  wool has somewhat b e t t e r  h igh  temperature i n s u l a t i o n  

p roper t i es  and f i r e  prevent ion c h a r a c t e r i s t i c s  than f i b r o u s  g lass wool, 

i t  weighs about 2.2 times more per  u n i t  volume. The thermal res i s tance  

of mineral  wool i n s u l a t i o n  i s  about R-3.4 per  i nch  f o r  b a t t s  and 2.9 f o r  

b lowing wool. 

C e l l u l o s i c  i n s u l a t i o n  can be made f rom newsprint, paperboard, o r  

wood f i b e r ,  w i t h  the  a d d i t i o n  o f  f i r e  re ta rdan t  chemicals. Raw 

mate r ia l s  are p l e n t i f u l ,  t h e  technology i s  simple, and t h e  c a p i t a l  

requirements t o  produce the  ma te r ia l  a r e  n o t  high, making c e l l u l o s i c  
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i n s u l a t i o n  l e s s  expensive than many o the r  products. 

a l t e r n a t i v e  i s  p a r t i c u l a r l y  a t t r a c t i v e  t o  those who want t o  r e t r o f i t  an 

e x i s t i n g  s t r u c t u r e  as economically as  poss ib le .  

weighs about 3.5 t imes more per u n i t  volume than f i b r o u s  glass,  and t h e  

f i r e  re ta rdan t  p roper t i es  o f  c e l l u l o s e  are no t  as good as g lass o r  

minera l  wool. 

4.2 INDUSTRY PRODUCTION 

Th is  lower  cos t  

Ce l l u lose  i n s u l a t i o n  

I n  t h i s  sect ion,  minera l  wool sa les and produc t ion  are discussed, 

and f u t u r e  demand i s  pro jected.  Also descr ibed are  t h e  cu r ren t  

i n s u l a t i o n  market cond i t i ons  and how t h i s  a f f e c t s  expansion o f  t h e  

minera l  wool manufactur ing indus t ry .  

4.2.1 Minera l  Wool Sales and Product ion 

Al though Standard I n d u s t r i a l  C l a s s i f i c a t i o n  (SIC) 3296 i s  c a l l e d  

"mineral  wool ," t h i s  c l a s s i f i c a t i o n  i nc ludes  a v a r i e t y  o f  minera l  f i b e r  

products  such as minera l  wool, f i b r o u s  g lass  wool, f i b e r  board, and 

accous t ica l  t i l e .  The Un i ted  States Department o f  Commerce Census ~~ o f  

Manufacturers does not r e p o r t  product ion da ta  s p e c i f i c  t o  t h e  minera l  

wool manufactur ing i ndus t r y  as de f ined i n  t h i s  study. The Minera l  Insu- 

l a t i o n  Manufacturers Associat ion considers minera l  i n s u l a t i o n  t o  i nc lude  

f i b r o u s  g lass  wool and does not  ma in ta in  c u r r e n t  p roduc t ion  data. 

~~~~ ~~~ ~~ ~~ ~~~ ~ ~ ~~~ ~~~~~ ~~ ~ ~~~ 

The l a r g e s t  Un i ted  States manufacturer o f  minera l  wool i n s u l a t i o n  

was repor ted  t o  have had sales o f  approximately $35 t o  $37 m i l l i o n  i n  

1976, and t h e  second l a r g e s t  producer had sa les t o t a l l i n g  about $20 m i l l i o n .  

To ta l  minera l  wool i n s u l a t i o n  sa les were on t h e  order  o f  $175 m i l l i o n  per 

year  du r ing  t h e  1972 t o  1974 .per iod w i t h  about 65 percent coming from 

sa les  of s t r u c t u r a l  i n s u l a t i o n  and t h e  remain ing 35 percent be ing sales 

3 
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o f  i n d u s t r i a l  and equipnent i n ~ u l a t i o n . ~  

t o t a l  minera l  wool sa les were approximately $80 t o  $100 m i l l i o n  i n  1976. 

According t o  repor ted market research data, sa les have grown s ince t h e  
6 e a r l y  1960's a t  an annual r a t e  o f  on l y  3 percent i n  constant  d o l l a r s .  

Dur ing the  years 1972 t o  1974, minera l  wool i n s u l a t i o n  shipments 

Indus t r y  sources r e p o r t  t h a t  

5 

were est imated t o  be about 600 m i l l i o n  pounds, growing a t  an annual r a t e  

o f  l ess  than 2 per  cent. 

percent  f o r  f i b r o u s  g lass  i n s u l a t i o n  over t h e  1960 t o  1974 per iod.  

Although shipments o f  minera l  wool grew s l i g h t l y  dur ing  t h e  e a r l y  19701s, 

minera l  wool has s t e a d i l y  l o s t  i t s  share o f  t h e  thermal i n s u l a t i o n  market 

t o  f i b r o u s  glass and ce l lu lose .  Tables 4-2 through 4-4 show t h e  q u a n t i t y  

and value o f  i n s u l a t i o n  shipnents i n  1976 and t h e  d i s t r i b u t i o n  o f  demand 

f o r  i n s u l a t i n g  mater ia ls .  

4.2.2 Pro jec ted  Demand f o r  I n s u l a t i o n  

This  compares t o  an annual growth r a t e  o f  1 7  

7 

The demand f o r  i n s u l a t i o n  has h i s t o r i c a l l y  fo l lowed t h e  general 

economic c y c l e  s ince t h e  m a j o r i t y  o f  i n s u l a t i o n  ma te r ia l s  have been used 

i n  t h e  cons t ruc t i on  o f  new housing and i n d u s t r i a l  process equipnent. 

o i l  embargo o f  1973 - 1974 and t h e  fo l l ow ing  OPEC p r i c e  esca la t i ons  

r e s u l t e d  i n  increased energy conservat ion measures on e x i s t i n g  

s t ruc tu res .  Increased consumer demand, coupled w i t h  a s t r i k e  a t  a major 

f i b r o u s  g lass wool manufacturer, r e s u l t e d  i n  spot shortages o f  s t r u c t u r a l  

i n s u l a t i o n  du r ing  t h e  mid-1970's. As a r e s u l t  o f  these shortages, t h e  

i n s u l a t i o n  i n d u s t r y  committed i t s e l f  t o  major expansions i n  p roduc t ion  

c a p a b i l i t i e s  t o  meet t h e  a n t i c i p a t e d  demand f o r  energy conservat ion 

products.  

increased demand were heightened by t h e  1977 income tax  c r e d i t  f o r  energy 

The 

Fo l low ing  t h e  severe w i n t e r  o f  1976 - 1977, expectat ions of 
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Table 4-2. I n s u l a t i o n  Indus t r y  Shipments by Ma te r ia l ,  19768 

Est imated Shipments o f  S t r u c t u r a l  
I n s u l a t i n g  Ma te r ia l  

Value 
Ma te r ia l  ( l b s  x 10 ( $ x 106 - 

I n s u l a t i n g  

F i b e r  glass 
Rock wool 
C e l l  u l  ose 

1,400 

600 
400 - 500 

470 

65 
80 - 115 

9 Table 4-3. Demand f o r  I n s u l a t i o n  by Ma te r ia l  

F i b e r  Glass Rock Wool C e l l  u l  ose 

I n d u s t r i a l  equipment and pipes 35% 30% 10% 
B u i l d i n g  c o n s t r u c t i o n  65% 70% 

New r e s i d e n t i a l  
Reinsulation/remodelling 
Comerc i  a1 / i n d u s t r i  a1 

35% 
20% 
10% 

2 5% 
15% 
30% 

10 Table 4-4. B u i l d i n g  Construct ion I n s u l a t i o n  Demand 

New r e s i d e n t i a l  c o n s t r u c t i o n  
Re insu la t i on  and remodel l ing 
Comnercial and i n d u s t r i a l  

* Less than 0.5% 

b u i l d i n g  

10% 
75% 

5% 

F i b e r  Glass Rock Wool C e l l  u l  ose To ta l  

90% 
65% 
65% 

10% * 100% 
20% 100% 

100% 
15% 
35% 

4-8 



conservat ion expendi tures on e x i s t i n g  homes. Also a t  t h i s  t ime,  t h e  

Department o f  Housing and Urban Development (HUD) announced t h e  Minimum 

Proper ty  Standards which spec i f y  thermal i n s u l a t i o n  e f f i c i e n c i e s  f o r  new 

housing. 

A t  t h e  t ime o f  the  tax  c r e d i t  proposal i n  A p r i l  1977, several  

government agencies were concerned t h a t  l e g i s l a t i v e  e f f o r t s  cou ld  be 

hampered by a lack  o f  p rec ise  data on t h e  supply o f  i nsu la t i on .  

Although e x i s t i n g  s t a t i s t i c a l  data i nd i ca ted  t h e r e  was an adequate 

supply o f  storm doors and windows, t h e r e  were l i t t l e  data a v a i l a b l e  on 

t h e  present and f u t u r e  p roduc t ion  c a p a b i l i t y  o f  thermal i n s u l a t i o n  

manufacturers. 

ICF, Incorporated (ICF), under c o n t r a c t  t o  t h e  Federal Energy 

Admin is t ra t ion ,  conducted an ana lys i s  o f  t h e  Un i ted  States i n s u l a t i o n  

i n d u s t r y  i n  o rder  t o  est imate c u r r e n t  and planned i n d u s t r y  capac i ty  and 

p o t e n t i a l  i n s u l a t i o n  demand i n  l i g h t  o f  t h e  pending tax  c r e d i t  f o r  

energy-conserving investments. 

t h i s  work, and conducted extens ive i n te rv iews  w i t h  i n s u l a t i o n  i n d u s t r y  

assoc iat ions,  company o f f i c i a l s ,  and f i n a n c i a l  ana lys ts  i n  June o f  1977. 

ICF had on ly  10 calendar days t o  complete 

ICF est imated t h a t  minera l  wool capac i t y  would increase l e s s  r a p i d l y  

than f i b e r  glass capac i ty  over t h e  next  4 t o  7 years and t h a t  c e l l u l o s i c  

i n s u l a t i o n  capac i ty  would increase more rap id ly . "  According t o  t h e i r  

est imate,  minera l  wool capaci ty  cou ld  increase by 10 percent per  year  

through 1979 and 7 percent thereaf ter . "  To ta l  minera l  wool capac i ty  

cou ld  t o t a l  1.3 b i l l i o n  pounds i n  1985, as shown i n  F igure  4-1. 

repor ted  t h a t  a l l  i n s u l a t i o n  producers were under tak ing o r  p lanning 

ICF a l so  
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capacity increases in 1977 and t h a t  mineral wool manufacturers were 

operating near capacity a t  the time of the study. 13 

I C F  concluded tha t  there would appear t o  be no shortage of 

insulat ion capacity f o r  r e t r o f i t  purposes a f t e r  1977. 

i n  1977, enough insulat ion could be supplied t o  r e t r o f i t  4.6 mil l ion 

homes per year a t  "average" r e t r o f i t  levels .  Demand fo r  r e t r o f i t  in 1977 

was variously estimated a t  2 t o  3 mi l l ion  homes without a tax c red i t .  An 

additional 1 t o  4 mil l ion homes could be added as a r e su l t  of a t a x  

c r ed i t  . 

A t  f u l l  capacity 

15 

A t  the same time as  t h e  I C F  ana lys i s ,  a s imilar  study was undertaken 

by the Office of Business Research and Analysis ( O B R A )  of the United 

States Department of Commerce. 

o f  insulation materials and received responses from an estimated 95 

percent of the industry. 

production capacity as of January 1, 1977, p l u s  f inanc ia l ly  approved 

expansion plans th rough  January 1, 1980, and proposed expansion plans 

with no financial  commitment. 

OBRA mailed a questionnaire t o  producers 

The capacity f igures  reported include 

16 

Fiber Glass Batts and Blankets 
Capacity: January 1, 1977 January 1, 1980 

Million Square Feet 
of R-11 Equivalent 

Million Square Feet 
of R-11 Equivalent 

8,318 11,270 

Loose Fiber 
January 1, 1977 January 1, 1980 

Million Square Feet 
of R-19 Equivalent 

Million Square Feet 
of R-19 Equivalent 

535 820 
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Cel l  u l  ose January 1, 1977 January 1, 1980 

Capacity: (1bs) (1bs) 
1,677,648,000 4,896,384,000 

Mineral  Wool B a t t s  and Blankets 

Capacity: January 1, 1977 January 1, 1980 

M i l l i o n  Square Feet 

o f  R - 1 1  Equivalent 

M i l l i o n  Square Feet 

o f  R-11 Equiva lent  

917 1,197 

Loose F i b e r  

January 1, 1977 January 1, 1980 

M i l l i o n  Square Feet 

o f  R-19 Equivalent 

M i l l i o n  Square Feet 

o f  R-19 Equiva lent  

491 851 

Based on t h e  i n f o r m a t i o n  obtained from t h e  completed quest ionnai res and 

an ana lys i s  o f  t h e  e x i s t i n g  housing inventory ,  new c o n s t r u c t i o n  s t a r t s  

and t h e  c o n s t r u c t i o n  m a t e r i a l s  i ndus t r y ,  OBRA est imated t h a t  t h e r e  were 

approximately 25.5 m i l l o n  housing u n i t s  i n  1977 t h a t  could be improved 

by adding a d d i t i o n a l  i nsu la t i on .  The then e x i s t i n g  i n d u s t r y  capac i t y  

and committed expansion would prov ide s u f f i c i e n t  thermal i n s u l a t i o n  

m a t e r i a l s  t o  i n s u l a t e  these housing u n i t s  by 1981 i f  r e t r o f i t  was 

r e s t r i c t e d  t o  a t t i c s  on l y  o r  by 1983 i f  w a l l s  as w e l l  as c e i l i n g s  were 

upgraded.17 Tables 4-5 and 4-6 show t h e  housing u n i t s  which cou ld  be 

i n s u l a t e d  through 1982 w i t h  e x i s t i n g  and committed c a p a c i t y  expansion. 

There i s  l i t t l e  agreement i n  t h e  i n d u s t r y  as t o  t h e  actual  number 

~~~~ 

of housing u n i t s  t h a t  r e q u i r e  a d d i t i o n a l  i n s u l a t i o n  t o  meet c u r r e n t  

4-12 



Table 4-5 -Existing Capacity and Approved/Comrnitted Capacity Expansion for Supply of 
Insulation Materials for One To Four-Family Housing Units lAn idCe i l ing  and Sidewall Insulation) 

23,285 

e1.900 

e350 

'2.819 
3499 

41.562 
5239 
667 
779 

5.265 

3,015 

20.280 

Housing inwntory to be insulated a t  
beginning of period ............ 

New starts lonefour family unitrl ..... 
Mobile homer .................. 
Number of homer that can be 

inwlatedl .................. 

20.280 16,102 

e 2 . m  ' 2 . m  

0400 '400 

23.529 23.750 
3513 3513 

42,148 42,880 
5 240 5 240 

669 
780 780  

6,578 7,532 

4,178 5,132 

16,102 10,970 

Tots1 ................... 
Number of homer that can be retrofitted 

after subtracting requirements of new 
housing stans ................ 

' 

Balance of units left to be insulated . . . .  

1977 

25.500 

'1,900 

e 3 w  

22.555 
"4 
4987 
5237 
663 
779 

4,405 

2,205 

23,295 

1878 I 1979 I 1980 1981 

10.970 

e2.000 

e400 

'3.750 
3513 

42,880 
5 240 
669 
780 

7.532 

5.132 

5,838 

1982 

5.838 

'2.000 

0400 

23.750 

42.880 
5 240 

3513 

669 
780  

7.532 

5,132 

706 

lThe matoriais l isted In the columns wre combined in some lnstonsos with urea formdd.hvde (UFI foam to awive at ths numb, of homn t h a t  
Could bo Insulated. Since UF foam i s  umd only for sidewall InwlaUon. the other mafarial* were presumed to ProvldO the sorn.Ponding attic InsYI- 
lion in sash houslng unlt  

3r0ck wool 4soiIu10~ and VF foam (1979-82) sdUmlnum multi-lavemd mfleCtiY. 
foil and VF fosm 11879.821 

'fiber g k s  and UF foam (1977-821 

e - estimate 
6~er l l t e  loose fill and UF foam (1979.821 7vermisulit. io- flll and UF foam (1970821 

Table 4-6 -Existins Capacity and ApprwsdlCornmi t ted Capacity Expansion for Supply of 
Insulation Materials for One-Family Housing Units (Attic/Ceil ing Insulation Only) 

IThOUimd Uniul 

Housing inventory to be insulated a t  
beginning of period ................ 

New starts lowfamily units) . . . . . . . . . . . .  
Mobile horns ...................... 
Number of homes that a n  be insulated' ..... 

Total ....................... 
~ Number of homes t b t  can be retrofitted 

after subnsting mquiremenu of new 
housing nans and mobile homes ........ 

Balance of units left to be insulated ........ 

1977 

20.700 

a1.4CQ 

e300 

23,050 
3767 
1.678 
5237 
663 

5,874 

779  

4,174 

16,526 

1978 

16,526 

e1.4W 

e350 

23.443 
3791 

"2.656 
5 239 
667 
779 

7.275 

5,525 

11.001 

1979 I 1980 

11.w1 

e1.400 

'400 

24.188 
3813 

'3.470 
5 240 
668 
'80 

7,059 

3.942 1 

3,942 

e1.400 

e400 

'4.538 
3613 

43.557 
3 240 
668 
780  

9.297 

7.497 

... 

Source: ref.  17 
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thermal e f f i c i ency  standards because t h e  l e v e l  o f  e x i s t i n g  i n s u l a t i o n  i s  

no t  known. 

than 40 m i l l i o n  homes.19 

s ta ted  if many homeowners i n  t h e  more temperate reg ions o f  t h e  country  do 

no t  choose t o  i n s t a l l  add i t i ona l  i nsu la t i on .  It i s  impor tant  t o  keep i n  

mind t h a t  t h e  I C F  and Department o f  Commerce growth est imates were based 

on expectat ions o f  h igh  demand. 

est imate t h e  maximum p o s s i b l e  expansion o f  the  i n s u l a t i o n  i ndus t r y  i n  t h e  

presence o f  h igh  demand and a t a x  c r e d i t .  

I n  1977, est imates ranged from less  than 25 m i l l i o n  t o  more 

Even t h e  25 m i l l i o n  est imated cou ld  be over- 

The purpose o f  these s tud ies  was t o  

4.2.3 The Current I n s u l a t i o n  Market 

Present market cond i t ions  i n d i c a t e  t h a t  t h e  demand f o r  i n s u l a t i o n  

m a t e r i a l s  which was an t i c ipa ted  i n  1977 has .not 

c r e d i t  as enacted a l lows f o r  a c r e d i t  o f  15 percent o f  t h e  t o t a l  energy 

conservat ion expendi ture;  t h e  maximum c r e d i t  i s  $300 f o r  each residence. 

I ndus t r y  sources r e p o r t  t h a t  on ly  12 percent  o f  t h e  income t a x  r e t u r n s  

developed. The t a x  

f o r  1978 request c r e d i t  f o r  i n s t a l l a t i o n  o f  any t ype  o f  energy conserving 
~ 

~ 
~~ ~ ~~~ ~~~~ 

~~~~~ ~~~~ ~~~ ~ 
~~ ~ ~~ 

p roducts ( i n s u l a t i o n ,  storm doors and windows, caulk ing,  furnace burners,  

etc.)." Th is  inc ludes  a l l  c la ims i n  t h e  per iod  from A p r i l  20, 1977, t o  

December 31, 1978. Although t h e  minera l  i n s u l a t i o n  (minera l  wool and 

f i b r o u s  g lass)  i n d u s t r y  has expanded about 35 percent s ince  1977, 

present minera l  wool product ion i s  about 60 percent o f  capaci ty .  

R e t r o f i t  o f  i n s u l a t i o n  s t i l l  on ly  consumes a small p o r t i o n  o f  minera l  

wool p roduc t ion  w i t h  the  remainder be ing used i n  new housing and 

i n d u s t r i a l  app l i ca t i ons .  Apparently, t h e  e x i s t i n g  t a x  c r e d i t  has not  

prov ided s u f f i c i e n t  i ncen t i ve  t o  homeowners t o  r e t r o f i t  a t  t h e  r a t e s  

p rev ious l y  assumed. 

recep t i ve  t o  the  economics o f  i n s t a l l i n g  a d d i t i o n a l  i n s u l a t i o n  have 

2 1  

Consumers most i n c l i n e d  t o  i n s u l a t e  and those most 
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already r e t r o f i t t e d  t h e i r  homes. 

t h e  a d d i t i o n  o f  thermal i n s u l a t i o n  economical ly a t t r a c t i v e  t o  t h e  

remaining homeowners. 

4.2.4 Estimated Indus t r y  Expansion 

The e x i s t i n g  t a x  c r e d i t  has not  made 

As prev ious l y  s ta ted,  t h e  minera l  wool i n d u s t r y  i s  c u r r e n t l y  

I f t h e  i n s u l a t i o n  market was opera t ing  a t  about 60 percent o f  capaci ty .  

t o  improve s i g n i f i c a n t l y ,  e x i s t i n g  i n d u s t r y  capac i t y  cou ld  supply 

s u f f i c i e n t  thermal i n s u l a t i o n  t o  meet any foreseeable demand. It was 

shown i n  Sec t ion  4.2.2 t h a t  t h e  est imated 25.5 m i l l i o n  housing u n i t s  

needing i n s u l a t i o n  improvement cou ld  be suppl ied w i t h  m a t e r i a l s  from 

e x i s t i n g  i n d u s t r y  capac i ty  w i t h i n  6 years,  assuming new housing s t a r t s  

w i l l  average 2 m i l l i o n  u n i t s  annual ly.  I f  new housing s t a r t s  decrease 

due t o  inc reas ing  i n t e r e s t  r a t e s  on home mortgages, each 1 percent drop 

i n  new housing s t a r t s  w i l l  make enough i n s u l a t i o n  a v a i l a b l e  f o r  50,000 

add i t i ona l  r e t r o f i t  i n s t a l  1 at ions.  22 

Whi le h igher  energy cos ts  may even tua l l y  r e s u l t  i n  g rea te r  r e t r o f i t  

a c t i v i t y ,  i t  i s  not  l i k e l y  t h a t  s i g n i f i c a n t  expansion o f  t h e  minera l  wool 

i n d u s t r y  would occur s ince r e t r o f i t  a c t i v i t y  o f  t h i s  magnitude would be 

sho r t - l i ved .  

t h i s  demand cou ld  most q u i c k l y  be met by c e l l u l o s i c  i n s u l a t i o n  manu- 

fac tu rers .  

i s  r a t h e r  s imple and t h e  c a p i t a l  requirements a re  no t  h igh ,  t h e  i ndus t r y  

i s  sub jec t  t o  easy en t ry .  

repor ted  t h a t  10 t o  12 manufacturers o f  c e l l u l o s e  i n s u l a t i o n  were 

en te r ing  t h e  business every month.23 

products could be r e s t r a i n e d  i f  the  m a t e r i a l s  a re  perceived by consumers 

I f  spot shortages o f  i n s u l a t i o n  ma te r ia l s  were t o  occur, 

Because the  technology needed t o  produce c e l l u l o s e  i n s u l a t i o n  

Dur ing  a pe r iod  o f  h igh  demand i n  1977, it was 

However, t h e  demand f o r  c e l l u l o s e  
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to be less desirable because of quality problems such as fire retardancy 

and vermin resistance. The availability of boric acid, which is used as 

a fire retardant, could also constrain the expansion of cellulosic 

insulation production. 

Despite the existing lack of increased demand for insulating 

materials, it is still possible that the capacity equivalent of one 

new mineral wool plant could be constructed in the next 5 years. 

Expansion by more than one plant is not considered likely at this 

time. Both raw materials and finished products are bulky, making it 

economically attractive for plants to locate either near a source of 

raw materials or product demand. 

built in an area of the country where regional competition was not great. 

Even though national production capacity for insulation far exceeds 

current demand, a new mineral wool plant could compete for the existing 

market in some areas of the United States. 

A new plant could conceivably be 

Existing mineral wool plants without batt-producing capabilities 

~~-~could-be modified- to produce batts, but this is not considered likely 
~~~ ~- ~~~ ~ ~~~~ ~ ~~ 

~~~~ ~ ~~~ ~~ 

- 

due to current market conditions and existing production capacities. 

Existing plants might also add an entire production line, but due to 

nonutilization of present production capacity, this is net likely to 

occur unless demand for insulation increases significantly. 

Demand for mineral wool insulation could increase if the Federal 

Government enacts more stringent legislation on the thermal efficiencies 

of new residential and commercial buildings. Reportedly, the Department 

Of Energy will propose Building Energy Performance Standards in late 

1979. These standards will be an extension of HUD's Minimum Property 
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Standards, and t h e  "goals" o f  these standards cou ld  be met by e x i s t i n g  

i n s u l a t i o n  manufactur ing c a p a b i l i t i e s .  

4.3 PROCESS DESCRIPTION 

24 

Today, very l i t t l e  pure rock wool o r  s lag  wool as such i s  

manufactured. 

rock as t h e  pr imary raw mater ia l .  

t y p i c a l l y  c o n s t i t u t e s  t h e  charge t o  t h e  furnace. 

70 percent o f  t h e  mineral  wool so ld  i n  t h e  Un i ted  States i s  manufactured 

from b l a s t  furnace slag.25 Most o f  t h e  remainder i s  produced us ing  

copper, lead, o r  phosphate slag. 

Only one p l a n t  i n  t h i s  country  i s  repor ted t o  use na tu ra l  

A combinat ion o f  s lag  and rock 

Approximately 

I n  a t y p i c a l  mineral  wool manufactur ing p lan t ,  t h e  raw mate r ia l  

( s l a g  and rock)  i s  loaded i n t o  a cupola i n  a l t e r n a t i n g  l a y e r s  with coke. 

As t h e  coke i s  i g n i t e d  and burned, t h e  minera l  charge i s  heated t o  t h e  

molten s t a t e  a t  a temperature o f  2400 t o  3000°F. Combustion a i r  i s  

suppl ied through tuyeres loca ted  near t h e  bottom o f  t h e  furnace. 

a i r  i s  enr iched w i t h  oxygen i n  some processes. 

w i t h  na tura l  gas may a lso  be used t o  reduce t h e  consumption o f  coke. 

Th is  

A u x i l l a r y  burners f i r e d  

The molten minera l  charge e x i t s  t h e  bottom o f  t h e  cupola i n  a 

water-cooled t rough and f a l l s  onto a f i b e r i z a t i o n  device. 

minera l  wool produced i n  t h e  Un i ted  States i s  made by v a r i a t i o n s  o f  two 

f i b e r i z a t i o n  methods. The Powell process, as shown i n  F igu re  4-2, uses 

groups o f  r o t o r s  r e v o l v i n g  a t  a h igh r a t e  o f  speed t o  form t h e  f i b e r s .  

Molten ma te r ia l  i s  d i s t r i b u t e d  i n  a t h i n  f i l m  on t h e  surfaces o f  t h e  

r o t o r s  and then i s  thrown o f f  by c e n t r i f u g a l  force.  S m a l l  g lobules 

develop t h a t  t r a i l  long, f i b r o u s  t a i l s  as they  t r a v e l  h o r i z o n t a l l y .  

o r  steam may be blown around t h e  r o t o r s  t o  a s s i s t  i n  f i b e r i z i n g  t h e  

Most o f  t h e  

A i r  
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material .  A second f iber iza t ion  method, the  Downey process (shown in 

Figure 4-3), uses a spinning concave rotor  with a i r  o r  steam attenuation. 

Molten material i s  d i s t r ibu ted  over the  surface of the ro tor  where i t  

flows u p  and over the edge t o  be caught up  in  a high velocity stream of 

a i r  or  steam. The configuration of the  rotor var ies  from process t o  

process and may spin e i the r  in  a ver t ical  o r  horizontal plane. 

a t  which the molten stream contacts the  rotor can a l so  vary. 

The point 

During the spinning process, n o t  a l l  the globules t h a t  develop are 

converted in to  f ibe r .  

referred t o  as "shot." I n  raw mineral wool, as much as half of the mass 

of the product may consist  of shot.25 Shot  i s  usually separated from 

the  wool by gravity immediately following f iber iza t ion .  Some of t h i s  

waste has reportedly been used in  sandblasting b u t ,  in general, i t  

represents  a disposal problem fo r  mineral wool producers. 26 

standards fo r  mineral wool insulation generally l imit  the maximum shot 

content of the  material since shot i s  a poor insulator  which takes up 

space t h a t  F o u l d b e  be t t e r  y t i l i y e d  iToccupied by a i r .  

The non-fiberized globules t h a t  remain are 

Commercial 

~ 
~ ~ 

~ ~ 

~ 

Various chemical agents may be applied t o  the newly-formed f i b e r  

immediately following the rotor. In almost a l l  cases,  an o i l  i s  applied 

t o  suppress dus t  and ,  t o  some degree, anneal the f iber .  This o i l  can  

e i t h e r  be a proprietary product developed f o r  t h i s  use or a medium weight 

fuel or lubricat ing o i l .  If the f ibe r  i s  intended for  use as loose wool 

o r  b u l k  products, no further chemical treatment i s  necessary. Where the 

mineral wool p r o d x t  i s  req:ired t o  have s t ruc tura l  r i g i d i t y ,  as in b a t t s  

and industr ia l  f e l t ,  a binding agent i s  applied with or  in place of the 

o i l  treatment. This binder i s  typ ica l ly  a phenol- formaldehyde resin 
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t h a t  requ i res  c u r i n g  a t  e levated temperatures. 

b inde r  are app l ied  by atomiz ing t h e  l i q u i d s  and spray ing t h e  agents t o  

coa t  t h e  a i r -borne  f i b e r .  

Both t h e  o i l  and t h e  

Af te r  format ion and chemical t reatment,  t h e  f i b e r  i s  c o l l e c t e d  i n  a 

blowchamber. 

mesh conveyor by fans l oca ted  beneath t h e  c o l l e c t o r .  

conveyor i s  s e t  so t h a t  a wool b lanket  o f  des i red  th ickness  can be 

obtained. 

Resin and/or o i l - c o a t e d  f i b e r s  a r e  drawn down on a w i r e  

The speed o f  t h e  

Mineral  wool con ta in ing  t h e  b ind ing  agent i s  c a r r i e d  by conveyor t o  

a c u r i n g  oven where t h e  wool b lanket  i s  compressed t o  t h e  appropr ia te  

d e n s i t y  and the  b inde r  i s  baked. Hot a i r ,  a t  a temperature o f  300 t o  

60O"F, i s  fo rced through t h e  b lanket  u n t i l  t h e  b inde r  has set. 

t i m e  and temperature depend on t h e  type  o f  b inder  used and the  mass r a t e  

through t h e  oven. 

fo rce  a i r  a t  ambient temperatures through t h e  wool blanket .  

Cur ing 

A c o o l i n g  s e c t i o n  f o l l o w s  t h e  oven where blowers 

- ~ To-make bat ts-and&industc ia l .L fe l . t  pcoducts,~-the~cooled-wool b lanket  ~~ ~ ~. 

i s  c u t  l o n g i t u d i n a l l y  and t ransverse ly  t o  t h e  des i red  size.  

i n s u l a t i o n  products a r e  then covered w i t h  a vapor b a r r i e r  o f  aluminum 

f o i l  o r  asphal t -coated k r a f t  paper on one s i d e  and unt reated paper on 

t h e  o ther  s ide.  

a r e  sometimes r e f e r r e d  t o  c o l l e c t i v e l y  as a b a t t  machine. Those 

products  t h a t  do not  r e q u i r e  a vapor b a r r i e r ,  such as i n d u s t r i a l  f e l t  

and some r e s i d e n t i a l  i n s u l a t i o n  b a t t s ,  can be packed f o r  shipnent 

immediately a f t e r  c u t t i n g .  

t o  some spec ia l  i n d u s t r i a l  i n s u l a t i o n  products. 

Some 

The c u t t e r s ,  vapor b a r r i e r  app l i ca to rs ,  and conveyors 

A w i r e  mesh cover ing  may be app l i ed  by hand 
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Loose wool products cons is t  p r i m a r i l y  o f  b lowing wool and bu lk  

f i b e r .  

oven i s  e l iminated.  For  granulated wool products, t h e  f i b e r  b lanket  

l eav ing  t h e  blowchamber i s  fed  t o  a shredder and p e l l e t i z e r .  

p e l l e t i z e r  forms small, 1- inch diameter p e l l e t s  and separates shot from 

t h e  wool. For  o the r  loose 

wool products, f i b e r  can be t ranspor ted  d i r e c t l y  from the  blowchamber t o  

a ba le r  o r  bagger f o r  packaging. 

wool process f low diagram. 

For these products, no b ind ing  agent i s  appl ied,  and t h e  c u r i n g  

The 

A bagging opera t ion  completes t h e  processes. 

F igure  4-4 shows t h e  t y p i c a l  minera l  

Adopt ion o f  new techn ica l  innovat ions i n  t h e  minera l  wool i n d u s t r y  

has been slow. 

furnace ins tead o f  a cupola f o r  t h e  m e l t i n g  o f  s l a g  and rock. 

furnaces have received considerable a t t e n t i o n  as poss ib le  s u b s t i t u t e s  f o r  

cupolas, but  none are  c u r r e n t l y  i n  opera t ion  i n  t h e  Uni ted States. 

However, a s i n g l e  l i n e  minera l  wool p l a n t  c u r r e n t l y  under cons t ruc t i on  i n  

Woodbridge, V i r g i n i a ,  i s  repo r ted l y  i n s t a l l i n g  an e l e c t r i c  furnace. 

Although t h e  use o f  e l e c t r i c  furnaces would reduce t h e  a i r  p o l l u t i o n  

problems associated w i t h  cupolas, t h e r e  has been d i f f i c u l t y  i n  developing 

a commercially v i a b l e  re f rac to ry  l i n i n g  t h a t  can r e s i s t  t h e  co r ros i ve  and 

e ros i ve  e f f e c t s  o f  s l a g  i n  cont inuous m e l t i n g  operat ions.  29 

One p l a n t  c u r r e n t l y  i n  opera t ion  uses a reverbera tory  

E l e c t r i c  

28 

4-21 



t 
W 

c , S  
c, .r mL: 
m u  m 
E I-- i I 

! 

I ,I_--_._ 

c, 
S 
W 
E 
Q 

L: 
v, 

.C 

f 

I 

m x  w 
m v v x  
c n z  m u  - O S 0  

4-22 



REFERENCES 

1. Fibrous Glass - Manufacture, Use, and Physica l  
Proper t ies  I n  Occupational Exposure t o  Fibrous Glass - Proceedings o f  a 
Symposium. Washington, 0. C. Department o f  Health, Education, and 
Welfare (HEW). HEW P u b l i c a t i o n  Number (NIOSH) 76-151. A p r i l  1976. 
Page 12. 

2. Reference 1. 

3. ICF, Incorporated. Supply Response t o  Res ident ia l  I n s u l a t i o n  
R e t r o f i t  Demand. Report t o  t h e  Federal Energy Admin is t ra t ion.  Contract  
Number P-14-77-5438-0. Washington, D. C. June 17, 1977. Page 10. 

4. Reference 3. 

5. Reference 3. 

6. Reference 3. 

7. Reference 3, Page 11. 

8. Reference 3, Page 12. 

9. Reference 3, Page 26. 

10. Reference 3, Page 27. 

11. Reference 3, Page 18. 

12. Reference 3, Page 19. 

13. Reference 3, Page 17. 

14. Reference 3, Page 20. 

15. Reference 3, Page 3. 

16. Penoyar, W. E., and F. E. Wi l l iams. 
Res ident ia l  I n s u l a t i o n  Indus t r y  Capaci ty and Pro jec t i ons  f o r  R e t o r f i t t i n g  
Un i ted  States Housing Indus t ry .  
Washington, 0. C. D r a f t  t o  appear i n  Const ruc t ion  Review. August/ 
September 1977. Page 5. 

17. Reference 16, Page 9. 

18. Reference 16, Page 10. 

Pundsack, F. L. 

Survey o f  Uni ted States 

Un i ted  States Department o f  Commerce. 

4-23 



1 
19. Reference 16, Page 9. 

20. Telecon. S. Matthews, Rockwool Industries, and R. Rosensteel, United 
States Environmental Protection Agency. May 11, 1979. Production and 
capacity of the mineral wool manufacturing industry. 

21. Telecon. S. Cady, Mineral Insulation Manufacturers Association, with 
L. Anderson, United States Environmental Protection Agency. June 28, 
1979. Growth of the mineral wool manufacturing industry. 

22. Reference 3, Page 34. 

23. Reference 3, Page 34. 

24. Telecon. H. Major, Department of Energy, with L. Anderson, United 
States Environmental Protection Agency. July 10, 1979. Growth of the 
insulation industry and building energy performance standards. 

25. Fowler, D.P. Industrial Hygiene Surveys of Occupational Exposure to 
Mineral Wool. Draft Report. National Institute of Occupational Safety 
and Health (NIOSH). Cincinnati, Ohio. Report of NIOSH Contract 
Number 210-76-0120. June 1978. Page 2. 

26. Reference 25, Page 4. 

27. Reference 1 ,  Page 14. 

28. Telecon. L. Anderson, United States Environmental Protection Agency, 
with W. Millard, Virginia State Air Pollution Control Board. November 1 ,  
1979. Mineral wool plants operating in Virginia. 

29. -Cobble,-J., and J.- Hansen,- Evaluation of Refractories for Mineral 
Wool Furnaces. Bureau of Mines. Tuscaloosa, Alabama. Report of 
Investigation 8090. December 1975. 

- 

4- 24 



5. A I R  E M I S S I O N S  DEVELOPED I N  THE SOURCE CATEGORY 

5.1 PLANT AND PROCESS EMISSIONS 

Th is  chapter i d e n t i f i e s  t h e  types  and q u a n t i t i e s  o f  m i s s i o n s  from 

several  p o t e n t i a l  emission po in ts  w i t h i n  a t y p i c a l  mineral  wool 

manufactur ing p lan t .  

e s s e n t i a l l y  a l l  mineral  wool p lants .  Emissions from o ther  process po in ts  

such as cu r ing  ovens and coo le rs  occur when t h i s  equipment e x i s t s  i n  t h e  

p l a n t  c o n f i g u r a t i o n  and i s  be ing used t o  manufacture products r e q u i r i n g  

t h e i r  operat ion.  I n  t h e  d iscuss ion which fo l lows,  emission data and 

emission f a c t o r s  from t r a d i t i o n a l  sources have been 

References 1 and 2 w i l l  be r e f e r r e d  t o  as AP-40 and AP-42, respec t i ve l y ,  

throughout t h e  remainder o f  Chapters 5 and 6. I n  add i t ion ,  emission t e s t  

da ta  were requested from t h e  m a j o r i t y  o f  l o c a l  and Sta te  c o n t r o l  agencies 

aaving j u r i s d i c t i o n  over e x i s t i n g  minera l  wool p lan ts .  

States o f  Indiana, Missour i ,  and Alabama and t h e  South Coast A i r  Q u a l i t y  

Management D i s t r i c t  o f  C a l i f o r n i a  fu rn ished data f o r  t h i s  study. 

Emission data from the  open l i t e r a t u r e  and t e s t  data from con t ro l  

agencies were compiled and then c a l c u l a t i o n s  were performed as necessary 

t o  reduce the  data t o  p o l l u t a n t  concentrat ions and emission f a c t o r  

format. 

average o f  t h r e e  t e s t s  f o r  t h e  emission source. General ly,  emission 

f a c t o r s  were est imated by us ing p rev ious l y  repor ted  data; e.g., from 

Cupola and blowchamber emissions are  common t o  

The agencies f o r  the 

I n  t h e  d iscuss ion  t h a t  fo l lows,  a t e s t  p o i n t  u s u a l l y  i s  an 
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AP-40, plus the data obtained during t h i s  s t u d y  t o  ca lcu la te  average 

emission fac tors  based on a l l  avai lable  data. 

procedure will  be noted i n  the t e s t .  

5.1.1 Furnace Emissions 

Exceptions t o  t h i s  general 

Mineral wool i s  manufactured using cupolas as  the melting furnace 

One plant has a reverberatory furnace a t  most plants in t h i s  country. 

supplying mineral wool f i b e r  t o  several para l le l  processing lines. A 

plant using a n  e l e c t r i c  mel t ing  furnace i s  expected t o  be i n  operation 

in 1980. 

a s  would be expected, the majority of furnace test data describes cupola 

emissions. 

5.1.1.1 Pa r t i cu la t e  Emissions - Table 5-1 contains a sumnary of 

uncontrolled pa r t i cu la t e  emission data t h a t  i s  reported in AP-40 a s  well 

as data t h a t  were assembled d u r i n g  t h i s  source category survey. 

uncontrolled emission fac tor  reported i n  AP-42 i s  11 kg/Mg (22 l b s / t o n )  

which i s  apparently based upon the 3 cupola emission t e s t s  reported in  

APz40 which are-summarized-on ttie- f i r s t  l ine- in  Table 5 4 .  

Since cupolas are  by f a r  the most comnon furnace in the industry,  

The 

- ~ 

The uncontrolled emission f ac to r  f o r  cupola par t icu la te  emissions 

used in t h i s  s tudy  t o  estimate typical plant  emissions as well a s  t o t a l  

national emissions f o r  the industry i s  an average of the AP-40 data  plus 

the three additional tests obtained during t h i s  source category survey. 

The resu l t ing  uncontrolled emission f ac to r  is 8 kg/Mg (16 lb s / ton ) .  

The r e s u l t s  from only one p a r t i c l e  s i z e  analysis were avai lable  from 

the  agency data.  The tes t  data from an Andersen sampler analysis  o f  

uncontrolled pa r t i cu la t e  from a cupola were: 3 
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Table 5-1. Uncont ro l led  P a r t i c u l a t e  Emissions f rom Minera l  Wool Cupolas 

Dust Concentrat ion Emission Factor  
\umber rng/s.cn ( g r / s c f )  kg/Mg ( 1  bs/ ton)  
f Tests Range Average Range ' Average Reference 

3 1630.0 t o  2930.0 2410.0 8.0, t o  14.1 10.8 
(0.71 t o  1.28) (1.05) (16.0 t o  28.2) (21.6) 

AP-40 

3 1350.0 t o  5250.0 3140.0 2.3 t o  6.8 5.3 Present study 
(0.59 t o  2.29) (1.37) (4.6 t o  13.7) (10.6) 

-- -- -- 11 AP -42 
(22 )  

5-3 



1 

P a r t i c l e  s i z e  range,um 

+ 30 
9.2 t o  30 
5.5 t o  9.2 
3.3 t o  5.5 
2.0 t o  3.3 
1.0 t o  2.0 
0.2 t o  1.0 

Percent by weight 

5.6 
0.1 
0.5 
1 .o 
5.0 

67.8 
20.0 

There i s  one emission t e s t  repor ted  i n  AP-40 f o r  p a r t i c u l a t e  emissions 

from a reve rbe ra to ry  me l t i ng  furnace o f  approx imate ly  2.5 kg/Mg 

( 5  l b s / t o n )  which i s  a l s o  the emission f a c t o r  repor ted  i n  AP-42. 

f u r t h e r  t e s t  data f o r  reverbera tory  furnaces were obta ined du r ing  t h i s  

source category survey. 

5.1.1.2 S u l f u r  Compound Emissions - The o n l y  o the r  emission f a c t o r  

conta ined i n  AP-42 f o r  cupola emissions is t h a t  repor ted  fo r  s u l f u r  

oxides. 

obta ined d u r i n g  t h i s  source category survey. 

No 

Table 5-2 conta ins a summary o f  t e s t  data f rom AP-40 and data 

The emission f a c t o r  f o r  s u l f u r  oxides i n  AP-42 s i g n i f i c a n t l y  under- 

est imates t h e  emissions o f  s u l f u r  oxides from minera l  wool cupolas. 

The 0.01 kg/Mg (0.02 l bs / ton )  emission f a c t o r  seems t o  be i n  e r r o r  s ince  

AP-40 i s  used as a re ference but, as shown i n  Table 5-2, t h e  one s u l f u r  

ox ide  data o o i n t  f rom AP-40 was reduced t o  an emission f a c t o r  and was 

found t o  be much l a r g e r  than the  repor ted  va lue i n  AP-42. An emission 

f a c t o r  of 5.5 kg/Mg (11 l b s / t o n )  based on t h e  data c o l l e c t e d  i n  t h i s  

source category survey and t h e  one t e s t  r e s u l t  repor ted  i n  AP-40 was used 

t o  es t imate  uncon t ro l l ed  s u l f u r  oxides emissions from minera l  wool cupolas. 

~ ~~ ~ 

~ ~~~ 

The one t e s t  from AP-40 where the  concen t ia t i on  o f  s u l f u r  t r i o x i d e  

was i d e n t i f i e d  is worth n o t i n g  s ince  about 36 percent  by weight o f  t h e  s u l f u r  

oxides were repo r ted  t o  be emi t ted  as s u l f u r  t r i o x i d e  i n  t h i s  t e s t .  Th i s  

r e s u l t  i s  of i n t e r e s t  s ince, as w i l l  be discussed l a t e r ,  severe co r ros ion  
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problems in the baghouse s t ruc tures  were observed a t  several of the 

p l a n t s  v i s i ted  during the study. 

There were three t e s t s  in which hydrogen su l f ide  emissions from 

mineral wool cupolas were reported. Two tests from a Canadian s tudy 

showed concentrations o f  a b o u t  150 and 190 ppm hydrogen su l f ide  with 

emission fac tors  of 0.4 (0.8) and 0.5 kg/Mg (1.0 lb s / ton ) ,  respectively,  

f o r  two t e s t s .4  Additionally, one tes t  f o r  a United S ta tes  plant was 

reported where the f lue  gas concentration was 500 ppin with a 3.6 kg/Mg 

(7.14 lbs/ ton)  hydrogen su l f ide  emission f a ~ t o r . ~  An average o f  these 

three  t e s t s  was used t o  estimate emissions from both a typical mineral 

wool plant as well as t o  estimate national emissions, the resu l t ing  

emission fac tor  being equal t o  1.5 kg/Mg (3.0 lbs / ton) .  

5.1.1.3 Carbon Monoxide Emissions - There a re  s ignif icant  amounts of 

carbon monoxide produced by mineral wool cupolas a l t h o u g h  neither AP-40 

nor AP-42 report  t e s t  data or an emission fac tor  for  t h i s  pollutant.  

There were a t o t a l  of nine tests t h a t  were obtained for  uncontrolled 

carbon monoxide emissions from mineral wool cupolas during t h i s  study. 

As can be seen i n  Table 5-3, there  is  a wide range of both  carbon 

monoxide concentration in the f lue  gas  and emission fac tor  values. 

wide range may be explained in p a r t  by various amounts of d i lu t ion  a i r  

enter ing the cupola exhaust systems from plant t o  plant and possibly by 

t h e  various analytical  methods used t o  t e s t  fo r  carbon monoxide. 

the values were developed by Orsat analysis  wnile other r e su l t s  were 

based on highly sophisticated gas chromatographic analytical  techniques. 

~~ ~~~~ 
~ ~ ~~~~~~ 

~ ~~~~~~~ ~ ~ ~ ~~~~~~ 

This 
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For the estimate of typical plant and national emissions of carbon 

monoxide, an emission factor o f  78 kg/Mq (156 lbs/ton) was used. This 

factor is an average o f  nine test results collected during this source 

category survey. 

5.1.1.4 

from the control agencies, nitrogen oxides were analyzed and reported for 

cupola exhaust gases. The average 

of these tests, an emission factor of 0.8 kg/Mg (1.6 lbs/ton), was used 

to estimate typical plant and national emissions for mineral wool 

manufacturing. 

5.1.2 Blowchamber Emissions 

Most mineral wool plants have a blowchamber immediately followinq 

Nitrogen Oxides Emissions - For six emission tests obtained 

This data is summarized in Table 5-4. 

the fiberizing step in the process. 

fans is  usually treated by a control device to remove entrained flywool 

or lint before it is exhausted to the atmosphere. 

5.2.1.2 Blowchamber ParticulateEmissions - Table 5-5 contains 
uncontrolled dust-concentration and emission factor data for mineral wool 

blowchamber exhausts. The AP-42 uncontrolled emission factor of 17 

lbs/ton could also be related to the AP-40 data just as it could for the 

cupola emission factor. 

emission estimates in this study is a value of 6 kg/Mq (12 lbs/ton). 

This factor is based upon the overall average of the four tests from 

AP-40 and the two test results obtained from control agencies during 

this study. 

5.1.2.2 Blowchamber Volatile Organic Compound Emissions - The only 
pollutants other than particulate that were identified as being emitted 

from mineral wool blowchambers from the literature and this source 

The exhaust gas from the blowchamber 

The emission factor used for blowchamber 
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category survey a r e  v o l a t i l e  organic compounds ( V O C ) .  

o i l  i s  applied t o  mineral wool a t  the point where f ibe r s  a r e  formed t o  

control flywool generation. When ba t t s  are manufactured, a res in  i s  

applied in place o f ,  o r  in addition t o ,  the o i l .  

contr ibute  t o  VOC emissions. 

exhaust streams of about 180°F might r e s u l t  i n  condensation of the o i l s  

and  binders and thereby emission t o  the atmosphere as  pa r t i cu la t e  matter. 

Two t e s t  r e su l t s ,  both from the same plan t ,  were obtained during this 

study; the r e s u l t  of these two t e s t s  i; an average of 0.2 kg/Mg 

A n  annealing 

This res in  may 

The r e l a t ive ly  low temperatures in blowchamber 

(0.4 lbs / ton)  of t o t a l  VOC,  reported as  methane. 

i n  AP-40 f o r  a tes t  of aldehydes in the exhaust from a mineral wool 

blowchamber; t h i s  r e s u l t  i s  an emission f ac to r  of 0.86 lbs/ton a s  t o t a l  

a1 dehydes. 

One r e s u l t  i s  reported 

Since data was reported using d i f f e r e n t  bases, the higher tes t  

r e s u l t  o r  an emission f ac to r  value of 0.45 kg/Mg (0.9 lbs / ton)  of VOC 

a s  aldehydes from the blowchamber was used in t h i s  study t o  make typical 

plant  and national VOC emission estimates f o r  mineral wool manufacturing. 

The ava i lab le  t e s t  r e su l t s  f o r  uncontrolled pa r t i cu la t e  emissions 

from mineral wool curing ovens a re  reported in Table 5-6. The average 

emission f ac to r  estimate using the AP-40 values i s  2 kg/Mg (4  lbs / ton)  

which was used t o  make typical plant and national emissions estimates f o r  

pa r t i cu la t e  matter from mineral wool manufacturing. T h i s  i s  the same 

emission f ac to r  reported in AP-42 f o r  this source. 

Total VOC r e s u l t s  were n o t  reported i n  the d a t a  reviewed, b!t tests 

for aldehydes were reported i n  AP-40 f o r  the i n l e t  and o u t l e t  i n  two 

af terburner  t e s t s .  

an average emission f ac to r  o f  0.5 kg/Mg ( 1  lbs/ ton)  f o r  uncontrolled 

The two reported i n l e t  values were used t o  ca lcu la te  

5-1 0 



Table 5-6. Uncontro l led P a r t i c u l a t e  Emissions from Minera l  Wool Curing Ovens 

Oust Concentrat ion Emission Factor  
Number mq/scm ( g r / s c f )  kg/Mg (1 bs/ton) 

o f  Tests Range Average Range Average Reference 

275 - 961 484 ~ 0.75 - 2.95 1.82 AP-40 6 
(0.12 - 0.42) (0:21) (1.50 - 5.9) (3.63) 
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aldehydes from a minera l  wool cu r ing  oven. 

used t o  make VOC emission est imates f o r  a t y p i c a l  p l a n t  as we l l  as 

nat ionwide emissions. 

This emission f a c t o r  was 

Two t e s t  r e s u l t s  f o r  n i t r o g e n  d i o x i d e  emissions from c u r i n g  ovens 

a r e  repo r ted  i n  AP-40 a t  the i n l e t  t o  a f te rbu rne rs  used f o r  c o n t r o l  of 

VOC emissions. The average o f  these two t e s t s  i s  a 0.08 kg/Mq (0.16 l b s /  

t on )  emission f a c t o r ;  t h i s  f a c t o r  was used t o  est imate oxides o f  n i t r o q e n  

emissions from an uncon t ro l l ed  c u r i n g  oven. 

5.1.4 Minera l  Wool Cooler Emissions 

There were no data obta ined f o r  emissions f rom minera l  wool coo le rs  

du r ing  t h e  source category survey o the r  than four t e s t s  f o r  p a r t i c u l a t e s  

conta ined i n  AP-40. These t e s t  r e s u l t  i n  an average emission f a c t o r  of 

about 1 kg/Mg ( 2  l b s / t o n )  which i s  a l s o  t h e  emission f a c t o r  repor ted  i n  

AP-42. The 1 kg/Mg emission f a c t o r  was used t o  make subsequent emission 

est imates o f  p a r t i c u l a t e  mat te r  f o r  a t y p i c a l  p l a n t  and nat ionwide 

emissions. 

~ 

aldehydes was conducted. The r e s u l t  o f  t h i s  t e s t  i s  an emission f a c t o r  

es t imate  o f  0.02 kg/Mg (0.04 l b s / t o n )  o f  t o t a l  aldehydes which was used 

t o  make t y p i c a l  p l a n t  and nat ionwide VOC emission est imates.  

5 . 1 . 5  Asphal t  A p p l i c a t i o n  

F o r o n e  o f  ~ t h e  f o u r  ~ emission t e s t s  noted above, a t e s t  f o r  t o t a l  - ~ - ~~ 
- - 

Asphal t  vapors can be emi t ted  du r ing  a p p l i c a t i o n  o f  the  aspha l t  

f i l m  t o  t h e  paper backing used when manufactur ing i n s u l a t i o n  b a t t s .  

emissions r e p o r t e d l y  can be reduced by proper  temperature c o n t r o l  o f  the  

a p p l i c a t i o n  process.6 An aspha l t  a p p l i c a t o r  was opera t ing  a t  o n l y  one 

p l a n t  v i s i t e d  du r ing  t h i s  source category survey; no v i s i b l e  emissions 

These 
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were apparent while observing this operation. 

for this operation were obtained from either the literature or the 

agencies contacted during this study. For these reasons, this emission 

source was not further considered during the study. 

5.2 UNCONTROLLED ANNUAL EMISSIONS FOR A TYPICAL MINERAL WOOL PLANT 

No emission test data 

A typical mineral wool manufacturing plant was assumed to consist 

of two cupola lines with each line having the following production rates: 

Cupola charging rate - 2.73 Mg/hour ( 3  tons/hour) with 8400 

Blowchamber - 1.64 Mg/hour (1.8 tons/hour) with 8400 operating 

The cupola production rate is approximately the average and median 

operating hourslyear 

hourslyear. 

rate for the mineral wool industry in late summer of 1979. 

blowchamber operating rate assumes a 60 percent conversion of cupola 

charge to usable fiber. 

a curing oven and cooler with a production rate of 1.64 Ma/hour 

(1.8 tons/hour) which operates for 4200 hourslyear. 

this line manufactures blowing wool when batts are not being manufactured. 

The 

One of the lines is also assumed to have 

I 

i It is assumed that 

Table 5-7 contains a compilation of all of the emission factors used 

to make the emissions estimate for a typical plant and for the industry. 

Table 5-8 contains the annual uncontrolled emissions from a typical 

mineral wool plant operating at the specified conditions. 

The emissions from a typical mineral wool plant controlled to meet 

the requirements of a typical SIP are contained in Table 5-9. 

only standard from a SIP that can be considered to apply to mineral wool 

plants is the process weight regulation for particulates where 

The 
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E = 3.59 p o'62 has been found to be typical in this study. 

regulation, the controlled emission factors were found to be 1.18 kg/Mg 

(2.36 lbs/ton) for mineral wool cupolas and 1.43 kg/Mg (2.87 lbs/ton) 

for mineral wool blowchambers and curing ovens. Although some States 

regulate sulfur dioxide emissions with regulations in the range of 500 

to 2000 ppm, these concentrations are in excess of most cupola flue gas 

concentrations of sulfur dioxide reviewed in this study. 

SIP'S were not considered to result in reduction of mineral wool sulfur 

oxides emissions. 

5.3 TOTAL NATIONWIDE EMISSIONS FROM MINERAL WOOL MANUFACTURING 

Using this 

Therefore, the 

Total potential nationwide emissions for the mineral wool 

manufacturing industry are contained in Table 5-10. 

upon which this estimate is based include: 

The assumptions 

- Cupola charge capacity for the mineral wool industry is 
6 6 estimated to be 1.23 x 10 Mglyear (1.35 x 10 tons/year). This estimate 

is based upon individual plant data obtained from NEDS and from the 

source category plant visits. Where the cupola charge rate was not 

provided or considered confidential, an average plant capacity was 

substituted for the unknown value. 

- The conversion rate from total cupola charge to actual 

mineral fiber produced for further processing through the blowchamber 

was assumed to be 60 percent. 

in the cupola charge and for the "shot" produced from the cupola which 

cannot be further processed. 

This factor makes allowance for the coke 

5-1 5 
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- It was est imated t h a t  one- four th  o f  the  p l a n t  product ion f o r  t h e  

i n d u s t r y  i s  processed through a c u r i n g  oven and cooler .  

obta ined du r ing  the  source category survey i nd i ca ted  t h a t  t y p i c a l l y  one 

produc t ion  l i n e  had a cu r ing  oven and coo le r  t h a t  were used about h a l f  o f  

t h e  produc t ion  schedule on t h a t  l i n e .  

In fo rmat ion  

- Basel ine c o n t r o l  was assumed t o  apply  on l y  t o  p a r t i c u l a t e  

emissions from cupolas, blowchambers, and c u r i n g  ovens o f  a minera l  wool 

p lan t .  

- Basel ine c o n t r o l  was considered t o  be emissions i n  lbs/hour  

determined from E = 3.59 poa6', where p i s  the process weight r a t e  i n  

tons/hour. 
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6. E M I S S I O N  CONTROL SYSTEMS AND ENVIRONMENTAL IMPACT 

6.1 CURRENT CONTROL TECHNOLOGY PRACTICES 

Several sources o f  in fo rmat ion  were u t i l i z e d  t o  o b t a i n  data 

descr ib ing  the  a p p l i c a t i o n  o f  c o n t r o l  technologies t o  emission p o i n t s  i n  

the  minera l  wool process. 

p l a n t  personnel dur ing  i n d u s t r y  v i s i t s ,  con tac ts  w i t h  S ta te  and l o c a l  

con t ro l  agencies, and summaries f rom t h e  Nat ional  Emission Data System 

(NEDS). Only the  common process emission po in ts  - cupolas, blowcharnbers, 

cu r ing  ovens, and coo le rs  - were considered i n  developing t h i s  sumnary o f  

c o n t r o l  technology p rac t i ces  i n  t h e  indus t ry .  Some miscel laneous 

sources; e.g., sawing o f  c e i l i n g  t i l e ,  m ix ing  o f  i n d u s t r i a l  cement, etc., 

were i d e n t i f i e d  i n  data from the  States o r  NEDS b u t  were u s u a l l y  found i n  

o n l y  one o r  two p lan ts  i n  t h e  indus t ry .  

The data were obta ined from d iscuss ions w i t h  

A summary o f  the  c o n t r o l  technologies repor ted  i n  use f o r  t h e  

minera l  wool i n d u s t r y  i s  contained i n  Table 6-1. The f a c t  t h a t  t he re  i s  

n o t  a one-to-one r e l a t i o n s h i p  i n  Table 6-1 o f  cupolas t o  blowchambers i s  

apparent ly  due t o  combining cupola product  streams a t  some p lan ts  p r i o r  

t o  e n t r y  i n t o  the  blowchamber. As  has been s ta ted  e a r l i e r ,  t he re  i s  

u s u a l l y  no more than one cu r ing  oven i n  a minera l  wool p l a n t  which 

accounts f o r  t h e  considerably  fewer number o f  them compared t o  cupolas. 

Presumably, coo le rs  a re  no t  considered s i g n i f i c a n t  enough o f  a source t o  

warrant  r e p o r t i n g  i n  most cases. 
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6.1.1 Cupola Emission Contro l  Systems 

6.1.1.1 Control  o f  P a r t i c u l a t e  Emissions - Control  of p a r t i c u l a t e  

emissions from cupolas has rece ived more emphasis than c o n t r o l  o f  any 

o the r  a i r  p o l l u t a n t  from t h e  indus t ry .  

as t h e  most commonly app l ied  c o n t r o l  technology f o r  minera l  wool cupola 

p a r t i c u l a t e  emissions. The next most commonly appl ied con t ro l  technique 

i s  d ry  c e n t r i f u g a l  c o l l e c t i o n  o f  p a r t i c u l a t e s  emi t ted  from cupolas. 

Table 6-1 shows f a b r i c  f i l t r a t i o n  

I n  Table 6-2, emission data have been summarized t o  i l l u s t r a t e  

t h e  e f fec t i veness  o f  t h e  var ious p a r t i c u l a t e  c o l l e c t o r s  f o r  c o n t r o l  o f  

cupola emissions. The l a s t  l i n e  i n  t h e  t a b l e  shows t h e  dust concentra- 

t i o n  and emission f a c t o r  t h a t  would meet compliance w i t h  a t y p i c a l  S ta te  

Implementation Plan (SIP) p a r t i c u l a t e  regu la t ion .  There are  several  

p l a n t s  i n  t h e  i ndus t r y  which use on ly  cyclones f o r  cupola p a r t i c u l a t e  

emission con t ro l .  

t h e  t y p i c a l  S I P  process weight regu la t i on ,  bu t  compliance i s  t h e  

except ion r a t h e r  than t h e  r u l e .  

scrubber, but  t h i s  one r e s u l t  would no t  comply w i t h  t h e  t y p i c a l  S IP .  

o f  t h e  f a b r i c  f i l t r a t i o n  r e s u l t s  demonstrated c a p a b i l i t y  o f  meet ing t h e  

S I P  regu la t ion ;  i n  fact ,  t h e  h ighest  t e s t  r e s u l t  repor ted i s  lower than 

t h e  S I P  r e g u l a t i o n  by more than a f a c t o r  o f  four.  

These devices have t h e  c a p a b i l i t y  on occasion t o  meet 

There i s  on ly  one t e s t  f o r  a wet 

A l l  

Corrosion o f  t h e  baghouse s t r u c t u r e  o r  a u x i l  l i a r y  equipment was 

observed o r  repor ted a t  two 

The co r ros ion  problem experienced a t  one p l a n t  was severe enough t o  j u s t i f y  

enc los ing the  baghouse and making p r o v i s i o n  t o  heat t h e  area. 

cond i t i ons  were severe enough, t h e  mois ture condensed from t h e  f l u e  gas was 

repor ted  t o  n o t  on l y  " b l i n d "  the  bags b u t  may l i t e r a l l y  f reeze s o l i d  i n  the bags, 

p lan ts  which were v i s i t e d  du r ing  t h e  study. 

When c l i m a t i c  
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according t o  t h e  p l a n t  operator,  necess i ta t i ng  replacement o f  t h e  bags. 

A t  a second p lan t ,  t h e r e  was v i s i b l e  d e t e r i o r a t i o n  o f  exposed metal 

surfaces o f  ducts and baghouse s t r u c t u r e  a f t e r  approximately 18 months o f  

operat ion.  A t  a t h i r d  p lan t ,  t h e  baghouse was loca ted  i n s i d e  t h e  p lan t ,  

bu t  t h e  p lan t  manager repor ted t h e r e  had been condensation i n s i d e  t h e  

baghouse b u t  no r e s u l t a n t  cor ros ion  

For  t h e  th ree  p lan ts  v i s i t e d  bu t  no t  exper ienc ing ser ious 

co r ros ion  problems, one c o n t r o l l e d  cupola emissons w i t h  cyclones, another 

d i d  not have c o n t r o l s  operat ing,  and t h e  t h i r d  was equipped w i t h  a 

baghouse but  repor ted i n s i g n i f i c a n t  co r ros ion  problems, Dresumably due t o  

t h e  r e l a t i v e l y  m i l d  w in te r  c l imate.  

6.1.1.2 Control  of Carbon Monoxide Emissions - One p l a n t  i n  t h e  Uni ted 

States has an opera t ing  system f o r  c o n t r o l  o f  cupola carbon monoxide 

emissions. 

t h e  f o l l o w i n g  d iscuss ion  i s  based upon t h a t  v i s i t . '  The system was 

tes ted  i n  June 1979, and t h e  carbon monoxide concent ra t ion  based on an 

average o f  two t e s t s  was 1,000 ppm. Simultaneous i n l e t  concentrat ions 

were not  measured dur ing  the  1979 t e s t ,  but  t h e  average i n l e t  

concent ra t ion  was 70,OOO ppm f o r  a J u l y  1977 t e s t .  

d i f f e r e n t  t es ts ,  an est imate o f  t h e  c o n t r o l  e f f i c i e n c y  f o r  carbon 

monoxide would be i n  excess o f  98 percent.  

This p l a n t  was v i s i t e d  as p a r t  of t h e  source category survey and 

Using these two 

Natura l  gas and a i r  a re  i n j e c t e d  i n t o  some cupolas t o  supplement 

t h e  coke fuel  i n  t h e  charge t o  t h e  cupola. 

monitored a t e s t  about 3 hours i n  d u r a t i o n  t o  determine i f  CO emissions 

were a f f e c t e d  by a l t e r i n g  t h e  na tu ra l  gas and a i r  m ix tu re  t o  a cupola. 

The cupola was normal ly  run  w i t h  na tu ra l  gas and a i r  f lows on. 

Contro l  agency personnel 

This  
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normal c o n d i t i o n  was fo l lowed by a run  w i t h  t h e  gas f l o w  o f f  and t h e  a i r  

f low on. Then t h e  a i r ,  which u s u a l l y  i s  i n j e c t e d  w i t h  t h e  gas, was a l so  

tu rned o f f .  The author  concluded t h a t  t h e r e  was no e f f e c t  upon CO 
n L 

emissions under these var ious cond i t ions .  

6.1.1.3 Contro l  o f  S u l f u r  Compound Emissions - There has been a 

system repor ted i n  opera t ion  a t  a Canadian minera l  wool p l a n t  f o r  t h e  

c o n t r o l  o f  cupola hydrogen s u l f i d e  emissions.’ 

cons i s t s  o f  a baghouse and hydrogen s u l f i d e  removal reac to r  i n  ser ies.  

The hydrogen s u l f i d e  reac to r  cons is ts  o f  two beds o f  hemat i te  i r o n  o re  

p e l l e t s  supported by per fo ra ted  p la tes ;  t h e  f l u e  gas can be d i v e r t e d  t o  

e i t h e r  bed so t h a t  an i n a c t i v e  bed can be removed f o r  c a t a l y s t  

regenerat ion.  

screening and are e i t h e r  discarded o r  recovered f o r  sale. 

t h e  system have demonstrated hydrogen s u l f i d e  removal e f f i c i e n c i e s  o f  85 

and 90 percent, respec t i ve l y .  

s u l f u r  d iox ide  emissions by ~~ 42 ~ t o  7 5  percent. 

The con t ro l  system 

S u l f u r  and dust a re  recovered from t h e  ore  p e l l e t s  by  

Two t e s t s  o f  

This  system a l so  r e s u l t s  i n  reduc t i on  o f  

4 
- ~ 

~-~ 

A t e s t  f o r  eva lua t i on  o f  a p i l o t  baghouse f o r  cupola p a r t i c u l a t e  

c o n t r o l  has a l so  shown reduc t i on  o f  s u l f u r  d iox ide  emissions. I n l e t  and 

o u t l e t  SO2 t e s t s  o f  t h e  baghouse demonstrated a 68 percent reduc t i on  

i n  SO2  emission^.^ The apparent exp lanat ion  f o r  t h i s  p a r t i a l  s u l f u r  

d i o x i d e  con t ro l  was t h e  charg ing o f  l imestone w i t h  t h e  normal coke and 

s l a g  charge t o  t h e  cupola. 

6.1.2 Blowchamber Emission Contro l  Systems 

6.1.2.1 Contro l  o f  P a r t i c u l a t e  Emissions - The p a r t i c u l a t e  

emissions from t h e  blowchambers o f  minera l  wool p lan ts  a re  u s u a l l y  

con t ro l l ed .  This  f a c t  seems t o  be due t o  t h e  nature o f  these emissions, 
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p r i m a r i l y  " f l y  wool;" i.e., f i b r o u s  p a r t i c l e s  t h a t  are r e l a t i v e l y  large,  

a r e  r e a d i l y  v i s i b l e ,  and can c rea te  a nuisance when they accumulate i n  

t h e  area o f  the  p lan t .  

t h e  vapor i za t i on  o r  decomposition o f  t h e  anneal ing o i l  app l ied  t o  t h e  

f i b e r  as i t  i s  be ing formed a t  t h e  spinner.  

manufactured, t h e r e  may a l so  be some o f  t h e  r e s i n  emi t ted  as e i t h e r  a 

p a r t i c u l a t e  o r  gaseous decomposition product. 

There i s  a l so  some smoke o r  haze generated from 

When b a t t s  are be ing 

Table 6-1 shows t h a t  t h e  most commonly used c o n t r o l  devices f o r  

blowchambers are  wet scrubbers. 

t h i s  study were low energy scrubbers, genera l l y  b a f f l e d  spray chambers. 

When the  l a r g e  f l y  wool p a r t i c l e s  a re  c o l l e c t e d  i n  these devices, a 

res idue b u i l d s  u p  which must be au tomat ica l l y  removed o r  cleaned out  

The devices t h a t  were observed du r ing  

manually dur ing  process down time. 

The next most commonly used dev ice i s  a simple w i r e  mesh f i l t e r  

c a l l e d  a screen house, b u l l  cage, o r  l i n t  cage. This  dev ice i s  s imply a 

chamber covered w i t h  a f i n e  mesh screen through which t h e  blowchamber a i r  

i s  discharged. The m a t  o f  f l y  wool t h a t  b u i l d s  up on t h e  screen must be 

removed manually, u s u a l l y  on a d a i l y  bas is ,  sometimes us ing a water hose 

t o  d is lodge t h e  f i b e r  from t h e  screen. 

Test data f o r  c o n t r o l l e d  emissions from blowchambers t h a t  have 

been repor ted i n  AP-40 and t e s t . d a t a  obta ined du r ing  t h i s  study have been 

summarized i n  Table 6-3. 

able, but  t h e  AP-40 data i n d i c a t e  a scrubber/ESP system, a l i n t  cage, and 

a wet scrubber a re  capable o f  meeting an S I P  standard. The data obta ined 

du r ing  t h e  source category survey i n d i c a t e  t h a t  spray chambers and a wet 

scrubber could meet t h e  S I P  standard. 

There are r e l a t i v e l y  few t e s t  r e s u l t s  a v a i l -  

However, a t e s t  r e s u l t  f o r  a 

6-7 



1 

VI 
L 
W 
Ll 

.e u 
3 
0 

s 
- 
m 
7 

0 
0 
zz 

m 
L 
W 
c 
II 
E 
0 
L 
Lc 

VI 
c 
0 
VI 
VI 

E 
W 

W 
+J m 

0 

+J 
L m a 
U 
W 

0 
L + c 
0 
0 

v- 

.r 

.r 

.r 

- 
a 
.r 

7 - 

m 
I 

W 

W ,.- n m 
I- 

W 
U 
E 
W 
L 
W 
Lc 
W 
cc 

I 

h 
-0 
2 
c, 
VI 

+ 
E: 
W 
VI 
W 
L 
a 

0 
U 
l 
a 
4 

h 
-0 
2Y +J 
VI 

+J c 
W 
VI 
W 
L a 

0 
U 
I a 
4 

0 
d 
I 

n. < 

h 
U 
3 +J 
VI 

c, 
E 
W 
VI 
W 
L 
a 

In- 
W m  
0- I 

0 0  
4 . 0  

mco 
m h  

. .  , I I I I 
I I I I I I 

. .  
OS 

- 
I. m 
0 
0 

N .  
-0 

N 
N O  

c, 
0 +Jm m w o  
LnO . .  
r.z 

I 
I 

I 
I 

I 
I 

6-8 



device reported t o  be a wet cyclone exceeded the SIP  on both a d u s t  

l o a d i n g  and emission f ac to r  basis. 

Two blowchambers a t  one plant location are reported t o  use dry 

centrifugal co l lec tors  t o  control blowchamber emissions. 

may be process equipment ra ther  than control devices since cyclones a re  

commonly used t o  remove mineral wool from a i r  streams pr ior  t o  further 

processing s teps  i n  mineral wool plants.  There i s  a substant ia l  

proportion of blowchambers, 20 percent of the to t a l  in t h i s  survey, which 

a re  reported t o  be uncontrolled. 

6.1.2.2 Control of Volat i le  Organic Compound ( V O C )  Emissions - The only 

pol lutants  i n  addition t o  par t icu la tes  t h a t  were ident i f ied  in Chapter 5 

as  an emission from blowchambers were VOC's. 

use an afterburner fo r  control of blowchamber emissions although no test  

data were obtained fo r  t h i s  appl icat ion.  

emissions would be expected i f  blowchamber gases a re  controlled w i t h  an 

afterburner;  some reduction of combustible pa r t i cu la t e  m i g h t  a l so  be 

achieved. 

6.1.3 Cur ing  Oven Emission Control Systems 

These cyclones 

One plant  i s  reported t o  

Some reduction of VOC vapor 

In Table 6-1, the only control devices presently reported as  in use 

on curing oven emissions a re  d i r e c t  flame af terburners  and one f ab r i c  

f i l t e r .  Test r e s u l t s  a r e  avai lable  f o r  evaluation of several other  

control devices used i n  the past f o r  removal of par t icu la tes  from curing 

oven exhausts; these r e s u l t s  a r e  contained in Table 6-4. Each of the 

systems would be able t o  comply with the typical S IP  regulation f o r  

par t icu la tes .  

oven exhausts were obtained d u r i n g  t h i s  study. 

No reports  o f  tes t  r e s u l t s  f o r  f ab r i c  f i l t r a t i o n  of curing 

The resin binder i n  the 
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emit ted c u r i n g  oven p a r t i c u l a t e  might make f a b r i c  f i l t e r s  an imprac t i ca l  

c o n t r o l  dev ice by p lugging t h e  pores o f  t h e  bags. 

I n  AP-40, t he re  i s  one t e s t  r e s u l t  f o r  a c a t a l y t i c  a f te rbu rne r  and 

one t e s t  r e s u l t  f o r  a d i rec t - f l ame a f te rbu rne r  f o r  i n l e t  and o u t l e t  

emissions o f  aldehydes. 

and the  c a t a l y t i c  a f te rbu rne r  53 percent  o f  aldehydes from t h e  c u r i n g  

oven exhaust. 

6.1.4 Cooler Emission Contro l  Systems 

The d i r e c t - f l a m e  a f te rbu rne r  removed 5 7  percent  

The c o o l e r  i s  a r e l a t i v e l y  minor source o f  p o l l u t a n t s  compared t o  

t h e  o the r  emission p o i n t s  i n  a minera l  wool p l a n t  as i nd i ca ted  by t h e  

emissions inventory  f o r  a t y p i c a l  p l a n t  i n  Table 5-9. 

d i rec t - f l ame a f te rbu rne r  repor ted  i n  use t o  c o n t r o l  coo le r  emissions a t  

one p lan t .  

emissions from the  cooler.  

i s  not  i d e n t i f i e d  i n  most cases when p l a n t s  r e p o r t  emission sources t o  

t h e  States. 

emission c o n t r o l  devices. 

6.1.5 Processing Changes t o  Reduce Emissions - 

There i s  a 

However, t h e  usual p r a c t i c e  apparent ly  i s  not  t o  c o n t r o l  

Since t h e  c o o l e r  i s  a minor source, i t  

No t e s t  data were obta ined f o r  t h e  eva lua t i on  o f  any c o o l e r  

6.1.5.1 Raw Mate r ia l  Composition - S u l f u r  compound emissions a r e  

r e l a t e d  t o  t h e  s u l f u r  content  o f  t h e  coke and s l a g  charged t o  t h e  

cupolas. The t y p i c a l  s u l f u r  l i m i t  f o r  coke i s  a maximum o f  0.6 percent  

based on d iscuss ion  w i t h  personnel a t  several  p l a n t s  v i s i t e d  du r ing  t h e  

source category survey. Another p o t e n t i a l  source o f  s u l f u r  i s  t h a t  

contained i n  t h e  s lag  charged t o  t h e  cupola. 

was t h e  judgment o f  an o f f i c i a l  from t h e  S t a t e  c o n t r o l  agency t h a t  s u l f u r  

compound emissions were associated w i t h  s u l f u r  content  o f  t h e  slag.6 The 

A t  one p l a n t  v i s i t e d ,  i t  
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su l fu r  content of the s lag  was reported as 1.64 percent based on the 

s u p p l i e r ' s  ana lys i s ,  and  an  EPA analysis  of the  same s lag was reported 

t o  be higher. 

-oncentrations in the cupola exhaust had been reduced from the 500 ppm 

level t o  the 200 ppm level by changing s lag  suppl iers  thereby ef fec t ing  a 

reduction i n  the su l fu r  content of the s lag .  Sample r e su l t s  f o r  su l fu r  

content of the  s lag after the change of suppl iers  were not avai lable  t o  

help confirm t h i s  association. This plant  a l s o  had a problem with high 

f ines  content of the s lag which reportedly caused increased pa r t i cu la t e  

 emission^.^ 
the s lag  p i l e  for  comparison purposes. The s l ag  seemed t o  cons is t  of  a 

much grea te r  proportion of pa r t i c l e s  considerably smaller than the golf 

ba l l s  t h a t  had been observed a t  other  plants  v i s i t ed  during the source 

category survey. 

6.1.5.2 Replacement of Cupolas with E lec t r i c  Furnaces - An e l e c t r i c  furnace 

i s  reportedly in operation i n  Europe, and a Canadian plant i s  a l so  reported 

t o  be manufacturing mineral wool us ing  an e l e c t r i c  furnace.8 A United S ta tes  

company plans t o  s t a r t  mineral wool production using an e l e c t r i c  furnace 

i n  1980.' I n  addition t o  s ign i f i can t ly  lower emissions from an e l e c t r i c  

furnace, there a re  potent ia ls  f o r  fuel savings and decreased losses  due 

t o  shot production. A drawback t o  the use of  e l e c t r i c  furnaces i s  the highly 

corrosive and erosive action of the s lag  on the  re f rac tory  lining.' ' 

addition t o  possible economic consideration, discussions w i t h  p lant  personnel 

during the survey indicated some reluctance on the par t  of companies t o  

be the f i r s t  in the United S ta tes  industry t o  operate an e l e c t r i c  furnace. 

This observation i s  supported by the f a c t  t h a t  two plants  s t a r t ed  u p  i n  1978, 

and b o t h  plants  i n s t a l l ed  cupola melting furnaces. 

A consultant t o  the plant estimated tha t  hydrogen su l f ide  

Photographs of the s lag  were shown w i t h  golf ba l l s  placed on 
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6.2 ALTERNATIVE CONTROL SYSTEMS 

The process steps t h a t  cou ld  be considered f o r  f u r t h e r  NSPS i n v e s t i g a t i o n  

a r e  t h e  cupola, blowchamber, and c u r i n g  oven emission po in ts .  

was n o t  considered f u r t h e r  due t o  t h e  r e l a t i v e l y  low emission l e v e l s  and 

t h e  general l a c k  of c o n t r o l  technology a p p l i c a t i o n s  i n  the  i n d u s t r y  f o r  

c o n t r o l  o f  t h i s  emission po in t .  

The c o o l e r  

The a l t e r n a t i v e s  f o r  c o n t r o l  o f  m inera l  wool p l a n t  emissions are  

contained i n  Table 6-5. A l l  t h ree  o f  t h e  a l t e r n a t i v e s  address p a r t i c u l a t e  

c o n t r o l  o f  t h e  cupolas, blowchambers, and c u r i n g  ovens. 

a l t e r n a t i v e  considers c o n t r o l  o f  cupola carbon monoxide emissions and 

c u r i n g  oven VOC emissions. 

6.3 

Only t h e  f i r s t  

IMPACT OF MINERAL WOOL MANUFACTURING ON AMBIENT A I R  QUALITY 

The impact t h a t  emissions from minera l  wool manufactur ing have on 

t h e  ambient environment was evaluated by es t ima t ing  maximum ground l e v e l  

concentrat ions us ing  two s i m p l i f i e d  Gaussian d i spe rs ion  models, PTDIS and 

PTMAX. 

p a r t i c u l a t e  emissions from blowchambers were inc luded i n  t h i s  mode l l ing  

ana lys is .  

concent ra t ion  est imates;  the  f i r s t  assumed a s i n g l e  cupola w i t h  exhaust 

gases t rea ted  by a c o n t r o l  device t o  comply w i t h  a t y p i c a l  S I P  p a r t i c u l a t e  

emission standard w h i l e  the  second case was considered t o  be a p l a n t  

u t i 1  i z i n g  a baghouse t o  c o n t r o l  p a r t i c u l a t e  emissions. When cupola 

p a r t i c u l a t e  emissions a r e  c o n t r o l l e d  by f a b r i c  f i l t r a t i o n ,  t h e  gases 

from two cupolas u s u a l l y  exhaust t o  the  baghouse, t y p i c a l l y  composed o f  

several  modules. For eva lua t i ng  t h e  impact o f  minera l  wool process 

carbon monoxide (CO) emissions on t h e  ambient environment, the  two 

cupola conf igura t ions  descr ibed above were considered t o  have no c o n t r o l  

P a r t i c u l a t e  and carbon monoxide emissions f rom cupolas and 

Two cupola con f igu ra t i ons  were considered f o r  t h e  p a r t i c u l a t e  

~ 
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A1 t e rna t i  ve 

A1 t e rna t ive  

A1 t e rna t ive  

A1 t e rna t i  ve 

I 

I1 

111 

* FF - f ab r i c  f i l t e r ;  
wet scrubber; AB - 

Table 6-5 

A1 t e rna t ive  Control Systems 

Control Technology* 

FF 

Cupola 

+ CO Control 
System 

VS + ESP 

FF 

VS - high energy 
afterburner 
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Blowchamber 

venturi 

ws 

ws 

FF 

scrubber; 

C u r i n g  Oven 

AB 

None 

None 

ws - low energy 



Of CO emissions and a l s o  w i t h  a CO c o n t r o l  system. 

assumed t o  be designed t o  accept t h e  f i b e r  ou tpu t  f rom one cupola w i t h  

an exhaust stack f o r  each blowchamber a t  the  p l a n t .  

The blowchamber was 

P a r t i c u l a t e  emission r a t e s  complying w i t h  a S I P  f o r  the  s i n g l e  cupola 

case and t h e  blowchamber are contained i n  Chapter 8 o f  t h i s  repo r t .  

assumed values f o r  gas temperature and f l o w  r a t e  a r e  a l s o  contained i n  

Chapter 8. 

f o r  the s i n g l e  cupola case, and the  emission r a t e  was considered t o  be equal 

t o  the  average o f  t h e  t e s t s  f o r  f a b r i c  f i l t r a t i o n  c o n t r o l  o f  cupola 

p a r t i c u l a t e  emissions contained i n  Table 6-2. 

exhausts were assumed t o  be 15.24 meters (50 f e e t )  f o r  the  s i n g l e  cupola 

and the  baghouse. The stack diameter f o r  a s i n g l e  cupola was considered 

t o  be 0.914 meter (3  f e e t )  w h i l e  a baghouse s tack f o r  c o n t r o l l i n g  two 

cupolas was assumed t o  be 1.22 meters ( 4  f e e t ) .  

r a t e  from a cupola equipped w i t h  a c o n t r o l  system was assumed t o  be 

5 percent o f  the  uncont ro l led  emission r a t e  ( c o n t r o l  system e f f i c i e n c y  o f  

95 percent) .  The mode l l ing  i npu ts  o u t l i n e d  above were se lected as t y p i c a l  

based upon in fo rma t ion  c o l l e c t e d  du r ing  p l a n t  v i s i t s  o r  obta ined f rom Sta te  

agencies and NEDS. 

The 

For cupola baghouse con t ro l ,  exhaust gas f l o w  i s  double t h a t  

The s tack heights  f o r  cupola 

The c o n t r o l l e d  CO emission 

The r e s u l t s  f rom d ispers ion  est imates f o r  p a r t i c u l a t e  and CO 

concentrat ions around t y p i c a l  minera l  wool p lan ts  a r e  contained i n  
I S  Table 6-6 and Table 6-7, respec t ive ly .  

For p a r t i c u l a t e  emissions from a cupola o r  a blowchamber complying 

w i t h  the  t y p i c a l  S IP ,  the  maximum 24-hour average concent ra t ion  would be 

l ess  than 3 percent  o f  the  na t i ona l  pr imary ambient a i r  q u a l i t y  standard 

i n  e i t h e r  case wh i l e  the  maximum annual average p a r t i c u l a t e  concent ra t ion  

would be l ess  than 2 percent o f  the  n a t i o n a l  pr imary ambient a i r  q u a l i t y  

6-15 
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standard f o r  e i t h e r  emission point. 

a blowchamber would r e s u l t  in estimated maximum par t icu la te  concentrations 

l e s s  than 1 percent of the 24-hour average and annual average national 

primary ambient a i r  qua l i ty  standards. 

emissions with a baghouse was reported f o r  one plant (see Table 6-1) and 

therefore  included in the modeling analysis ,  the lower blowchamber 

exhaust gas temperature, as  compared t o  the cupola exhaust gas tempera- 

t u r e  plus increased moisture content of the gas when steam i s  used f o r  

f i b e r  a t tenuat ion ,  m i g h t  make blowchamber baghouse control impractical 

as  a r e s u l t  of condensation and possible a t tendant  corrosion problems. 

Baghouse control of the cupolas or  

Although control of blowchamber 

The maximum 1-hour average CO concentration estimates f o r  a cupola 

with a separate  exhaust stack and for cupolas control led w i t h  a baghouse 

a re  b o t h  l e s s  than 5 percent of the national primary ambient a i r  qua l i ty  

standard f o r  CO, and when controlled w i t h  a CO control system, both a r e  

estimated t o  be reduced t o  l e s s  than 1 percent o f  the 1-hour average 

s t a n d a r d .  -For-an 8-hour averaging time,-a cupola with a separate  exhaust 

stack and cupolas w i t h  baghouse pa r t i cu la t e  control a r e  estimated t o  r e s u l t  

i n  maximum ambient CO concentrations l e s s  than 10 percent of the national 

primary ambient a i r  qua l i ty  standard and the estimated concentrations a r e  

reduced t o  l e s s  than 1 percent of the national primary ambient a i r  qua l i ty  

standard f o r  cupolas with CO control systems. 

- -  
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7. E M I S S I O N  DATA 

7.1 AVAILABILITY OF DATA 

The emission data obta ined from S t a t e  and l o c a l  con t ro l  agencies 

du r ing  t h e  conduct o f  t h i s  study are i d e n t i f i e d  i n  Table 7-1. 

cases, where on ly  data summaries have been obtained, more d e t a i l e d  data 

might  be a v a i l a b l e  from t h e  c o n t r o l  agencies and/or companies. 

7.2 SAMPLE COLLECTION AND ANALYSIS 

I n  some 

Reference methods are  de f ined i n  40 CFR P a r t  60 Appendix A f o r  

sample c o l l e c t i o n  and ana lys is  o f  a i r  p o l l u t a n t s ;  s p e c i f i c  EPA re fe rence 

methods t h a t  may be app l ied  t o  the  eva lua t i on  o f  emissions from minera l  

wool processes inc lude:  

Method 1 - Sample and V e l o c i t y  Traverses f o r  S ta t ionary  Sources 

Method 2 - Determinat ion o f  Stack Gas V e l o c i t y  and Volumetr ic  Flow 
Rate 

Method 5 - Determinat ion o f  P a r t i c u l a t e  Emissions from S ta t i ona ry  

Method 6 - Determinat ion o f  S u l f u r  D iox ide  Emissions from 

Sources 

S ta t i ona ry  Sources 

Method 7 - Determinat ion o f  N i t rogen Oxide Emissions from 
Sta t ionary  Sources 

Method 8 - Determinat ion o f  S u l f u r i c  Ac id M is t  and S u l f u r  D iox ide  
Emissions from S ta t i ona ry  Sources 

Method 9 - Visual  Determinat ion o f  t h e  Opaci ty o f  Emissions from 
Sta t ionary  Sources 
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8. STATE AN0 LOCAL E M I S S I O N  REGULATIONS 

The f o l l o w i n g  sec t i on  summarizes t h e  emission regu la t i ons  concerning 

newly const ructed mineral  wool manufactur ing p lants .  Only t h e  regula-  

t i o n s  o f  t h e  14 States where minera l  wool i s  c u r r e n t l y  manufactured were 

examined. It i s  be l ieved t h a t  these 14 States a r e  rep resen ta t i ve  o f  t h e  

emission standards f o r  a l l  50 States. 

taken from the  Environment Repor te r lw i th  supplemental i n fo rma t ion  

gathered from Sta te  and l o c a l  a i r  p o l l u t i o n  c o n t r o l  agencies. 

These regu la t i ons  were p r i m a r i l y  

Emission regu la t i ons  are presented and compared i n  Table 8-1. I n  

o rder  t o  compare t h e  var ious Sta te  regu la t i ons ,  i t  was necessary t o  

choose process weight ra tes  and exhaust gas f l o w  ra tes  f o r  a t y p i c a l  

p lan t .  A t y p i c a l  p l a n t  was assumed t o  have the  f o l l o w i n g  parameters: 

Cupolas: charg ing r a t e  - 3 T/hr 
exhaust gas temperature - 300°F 
exhaust gas f l o w  r a t e  - 6600 scfm (9650 acfm a t  300°F) 

Blowchambers: process weight r a t e  - 1.8 T/hr 

exhaust gas temperature - 180°F 

exhaust gas f low r a t e  - 20,000 scfm (24,800 acfm a t  180OF) 

Cur ing Ovens: process weight r a t e  - 1.8 T/hr 
exhaust gas temperature - 32OOF 

exhaust gas f l o w  r a t e  - 5000 scfm (7500 acfm a t  320OF) 
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I n  making t h i s  comparison, i t  was assumed t h a t  each Sta te  considers a 

p roduc t ion  l i n e  con ta in ing  a cupola, blowchamber, and c u r i n g  oven t o  

cons is t  of t h ree  separate processes. 

process weight r a t e  was determined on a once-through bas is  (no increase 

i n  a l lowable emissions cou ld  be achieved by r e t u r n i n g  the  a i r l i f t  exhaust 

t o  the  blowchamber so t h a t  the  throughput cou ld  be counted t w i c e  i n  

determining t h e  process weight r a t e ) .  

I t  was a l so  assumed t h a t  the  

I n  general, the  on ly  p o l l u t a n t  em i t ted  f rom minera l  wool processes 

which i s  sub jec t  t o  r e g u l a t i o n  i n  every S ta te  i s  p a r t i c u l a t e  mat ter .  

The Sta te  o f  Pennsylvania requ i res  t h e  i n s t a l l a t i o n  o f  a f te rbu rne rs  on a l l  

minera l  wool c u r i n g  ovens t o  c o n t r o l  odors. Several States r e q u i r e  

af terburners t o  c o n t r o l  carbon monoxide emissions from grey i r o n  foundry 

cupolas, b u t  minera l  wool cupolas are  n o t  inc luded i n  these regu la t i ons .  

A t y p i c a l  m inera l  wool p l a n t  has two p a r a l l e l  p roduc t ion  l i n e s  w i t h  

o n l y  one l i n e  having a c u r i n g  oven. Tak ing E = 3 . 5 9 ~  

an average S ta te  general process emission regu la t i on ,  t h i s  t y p i c a l  p l a n t  

cou ld  emi t  a l lowab le  p a r t i c u l a t e  emissions t o t a l l i n g  about 30 l b s / h r  f rom 

t h e  5 emission sources opera t ing  a t  process r a t e s  p rev ious l y  s ta ted.  

t o  represent  

O f  those examined, t h e  most s t r i n g e n t  emission r e g u l a t i o n  was t h a t  

o f  t h e  South Coast A i r  Q u a l i t y  Management D i s t r i c t  o f  C a l i f o r n i a .  Under 

these regu la t ions ,  no new minera l  wool p l a n t  cou ld  be b u i l t  which would 

e m i t  more than a sum o f  250 lbs/day o f  any p o l l u t a n t  f rom a l l  emission 

sources a t  t h e  f a c i l i t y .  

! 
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