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PREFACE 

The purpose o f   t h i s  document i s   t o   p r o v i d e   t e c h n i c a l   i n f o r m a t i o n   t o  
S t a t e s   o n   e s t i m a t i n g  and c o n t r o l l i n g   v o l a t i l e   o r g a n i c  compounds (VOC) 
emissions  f rom  the  manufacture  of   polystyrene  foam  (PSF).   This  document 
addresses   the   expandab le   po lys ty rene  bead  indus t ry ,   and  the   ex t ruded 
p o l y s t y r e n e  foam  and  sheet   indust r ies.  

Technology  Center (CTC)  was e s t a b l i s h e d   b y  EPA’s  O f f i c e   o f  The C o n t r o l  
Research  and Deve 
Standards (OAQPS) 
p o l  1 u t i  o n   c o n t r o l  
t h r o u g h   t h e  CTC.  

lopment (ORD) and O f f i c e   o f  Air Qual  i t y  P1 ann 
t o   p r o v i d e   t e c h n i c a l   a s s i s t a n c e   t o   S t a t e  and 
a g e n c i e s .   T h r e e   l e v e l s   o f   a s s i s t a n c e   c a n  be 
F i r s t ,  a CTC HOTLINE has   been   es tab l i shed   t o  

i n g  and 
Local  a i r  
accessed 
p r o v  i de 

te lephone   ass i s tance  on m a t t e r s   r e l a t i n g   t o   a i r   p o l l u t i o n   c o n t r o l   t e c h n o l o g y .  
Second,  more i n -dep th   eng inee r ing   ass i s tance   can   be   p rov ided  when a p p r o p r i a t e .  
T h i r d ,   t h e  CTC c a n   p r o v i d e   t e c h n i c a l   g u i d a n c e   t h r o u g h   p u b l i c a t i o n   o f   t e c h n i c a l  
guidance  documents,  development o f   pe rsona l   compu te r   so f tware ,  and 
p r e s e n t a t i o n   o f   w o r k s h o p s   o n   c o n t r o l   t e c h n o l o g y   m a t t e r s .  

focus  on t o p i c s   o f   n a t i o n a l   o r   r e g i o n a l   i n t e r e s t   t h a t   a r e   i d e n t i f i e d   t h r o u g h  
c o n t a c t   w i t h   S t a t e  and  Local  agencies. I n   t h i s  case  the CTC under took  t h e  
i n v e s t i g a t i o n   o f   v o l a t i l e   o r g a n i c  compound ( V O C )  e m i s s i o n s   a n d   t h e i r   c o n t r o l  
f o r   t h e   p r o d u c t i o n   o f   p o l y s t y r e n e  foam.  The  document i n c l u d e s   d e s c r i p t i o n s  o f  
t h e   p r o d u c t i o n   p r o c e s s e s   u s e d ,   a s s o c i a t e d   e m i s s i o n s ,   a v a i l a b l e   c o n t r o l s ,   a n d  
e s t i m a t e d   c o s t s   f o r   a p p l y i n g   c o n t r o l s .  

The techn ica l   gu idance   p ro jec ts ,   such   as   t h i s   i n fo rma t ion   documen t ,  

i v  





TABLE OF CONTENTS 

1.0 INTRODUCTION ................................................ 
2.0 CONCLUSIONS ................................................. 

2 . 1   I n d u s t r y   C h a r a c t e r i z a t i o n  ............................. 
. 2.2 VOC Emissions ......................................... 

2.3 VOC Emiss ions   Cont ro ls  ................................. 
2.4 Con t ro l   Cos t   Es t ima tes  ................................ 

3.0 INDUSTRY  STRUCTURE .......................................... 
3 . 1  End Produc ts  .......................................... 
3 .2   Ma jo r   Manu fac tu re rs   o f  PSF ............................ 
3.3  Economics o f   t h e  PSF I n d t i s t r y  ......................... 

4.0 POLYSTYRENE  MANUFACTURING PROCESSES ......................... 
4.1  Process  His tory   and  Overv iew .......................... 
4.2 Ex t ruded   Po lys ty rene  Foam Sheet ....................... 
4.3   Ex t ruded  Po lys ty rene Foam Board ....................... 
4.4  Expandable  Polystyrene ................................ 
4.5  Polystyrene  Loose Fill Packaging ...................... 

5.0 PROCESS EMISSIONS . .......................................... 
5.1  Process  Emissions.Overview ............................ 
5.2  Emissions  Sources ..................................... 
5.3 VOC Emission  Rates .................................... 
5 .4   Na t iona l  VOC Emiss ion   Es t imates  ....................... 
5.5 S t a t e   R e g u l a t i o n s  ..................................... 

6.0 EMISSION CONTROL TECHNIQUES ................................. 
6.1  Capture  Systems ....................................... 
6.2  Add-on  Controls ....................................... 
6 . 3  A i L 2 m a L s  i i a v ~ n g  , 2sn:; .............................. 

1-1 

2 - 1  

2 - 1  
2 - 2  
2-2 
2 - 3  

3 - 1  
3 - 1  . 

3 - 4  
3 -7  

4 - 1  

4 - 1  

4 - 1  
4-4 

4-4 

4 -8  
J E - !  

5 - 1  

5 -2  
5-7 

5-10 
5-12 

6 - 1  

6 - 1  

5 - 3  

V 



7.0 CONTROL COSTS ............................................... 7-1 
7.1 Cost  Assumptions ...................................... 7-1 
7.2 Control  Costs ......................................... 7-4 
7.3 Effect o f  Capture  Efficiency  on  Costs ................. 7-7 
7.4 Use  of  Existing  Boilers ............................... 7-14 

Appendices 
A. Companies  Involved in Manufacturing  of  PS  Foam  Products 
B. Calculation  of  VOC  Emission  Estimates  for  Polystyrene 

C. Cost  Effectiveness  Figures  for  Model  Facilities 
Foam B1 owing 

vi 



L I S T  OF FIGURES 
Number Paqe 

4-  1 Flow diagram of a typical polystyrene foam  sheet 
manufacturing process ...................................... 4 - 3  

4 - 2  Flow diagram of a typical polystyrene foal board 
manufacturing process ...................................... 4 - 5  

4 - 3  Flow diagram of a typical  EPS  bead process .....'............ 4 - 6  

- 4 - 4  EPS  batch pre-expander ..................................... 4 - 7  

5- 1 Average and maximum percent pentane losses at 
manufacturing emissions points for EPS facilities .......... 5-3  

6- 1 Carbon adsorber system process flow  diagram ..........,..... 6 - 8  

v i  i 



LIST OF TABLES 

Paqe 
Domest ic   consumpt ion   o f   po lys ty rene  foam by end  uses ....... 3 -3  
Es t imated U . S . p r o d u c t i o n   o f   p o l y s t y r e n e   r e s i n s  ........... 3 -5  
D i s t r i b u t i o n   o f  PSF producers by s t a t e  ..................... 3 -8  
P e n t a n e   l o s s   a n a l y s i s   f o r  EPS bead  products  . ............... 5-4 
Summary o f  VOC emiss ion   sou rces   and   examp le   d i s t r i bu t i on  
i n   p o l y s t y r e n e   e x t r u s i o n   p r o d u c t s  .......................... 5-6 
Model p l a n t s  . PSF sheet  ................................... 5 - 8  
Model p l a n t s  . EPS bead  products  ........................... 5-9 
E s t i m a t e d   n a t i o n a l  VOC emiss ions  f rom PSF f a c i l i t i e s  . ...... 5 -11  

E v a l u a t i o n   f a c t o r s   f o r   a l t e r n a t e   p o l y s t y r e n e   f o a m   b l o w i n g  
agents ..................................................... 6-13 
A l t e r n a t i v e   b l o w i n g   a g e n t s  ................................. 6-14 

Con t ro l   by   ca rbon   adso rp t i on  ............................... 7 - 4  

Number 
3 -  1 
3-2 
3-3 
5-  1 
5 -2  

5-3 
5 - 4  
5-5 
6 - 1  

6-2 

7 - 1  
7 - 2  

7-3 

C o n t r o l   b y   t h e r m a l   i n c i n e r a t i o n  ............................ 7 - 5  

D u c t   c o s t  .................................................. 7-7  

v i i i  



1.0 INTRODUCTION 

The purpose of this study was  to conduct_a survey of the polystyrene 
foam (PSF) manufacturing industry to  characterize the industry,  define  the 
nature and scope o f  volatile organic compound (VOC) emissions  from  this 
source category, identify potential controls  for  reducing VOC emissions, 
and develop  cost estimates for VOC capture and control technologies.  The 
study includes an estimate of total industry VOC emissions and the 
g'eographic distribution of industry facilities. A process overview and 
descriptions of three  separate manufacturing processes used for  polystyrene 
foam products are presented in this  report, and process emission points are 
identified. The  report also includes a  review of demonstrated and 
potential- emission control options that have -been identified for reducing 
VOC emissions  from  this source category. The  estimates of VOC emissions 
are not based on empirical data, but were calculated based  on figures and 
assumptions from industry and government reports. Cost estiyates  for 
capture and control of VOC emissions have been developed according  to the 
U.S. Environmental Protection Agency's (EPA) Office of Air  Quality Planning 
and Standards (OAQPS)  Control Cost Manual, 1990. 

Many previous studies of this source category have focused primarily 
on chlorofluorocarbon (CFC) rather than VOC emissions. However, with the 
adoption of the Montreal Protocol (40 CFR Part 82) in August 1988, whicn 
restricts  the production and consumption of a  number of fully halogenated 
CFCs, the use of hydrocarbons and soft CFCs as blowing agents in the 
polystyrene foam manufacturing process has increased. 

This increased use of hydrocarbon blowing agents will likely  result in 
increased VOC emissions from this source category  nationwide. With the 
continued and increasing ozone  non-attainment  problems  facing many U.S. 

metropolitan areas, EPA is evaluating the potential for reducing emissions 
f r o m  a l l  sources of VOC. In 1988. 101 urban areas in the United States 
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were classified as non-attainment areas for ozone. It i s  estimated that 
over 170 polystyrene foam manufacturing plmts are l x a t e d  in ncn-  
attainment areas. National  annual VCC 2m:ssions frorr, this source cateyer? 
are estimated at 25,000 short tons per year.  Approximately 68 percent of 
source facilities identified in this  report are located in ozone  non- 
attainment areas. Therefore,  the PSF industry represents a source of VOC 

emissions which may be affecting local air quality in many urban areas of 
the United States. 

1-2  



2 . 0  CONCLUSIONS 

The major 
can be categor 

f i n d  ings of this  study  are  presented below. The'conclusions 
ized i n t o  three  groups: 1)  industry  characterization, 2 )  VOC 

emissions and emission controls,  and 3 )  control  cost  estimates. I n  
general, due t o  the  eventual  phaseout of CFCs, i t  i s  expected t h a t  VOC 

emissions from t h i s  source  category  will  increase  over  time  unless  emission 
control equipment i s  instal led or a l te rna t ive  blowing agents  are  used. 
Add-on controls such as  carbon  adsorption and incineration have been 
demonstrated  for  this  industry. In  a d d i t i o n ,  some e x i s t i n g   f a c i l i t i e s  have 
successfully  switched from hydrocarbon blowing agents t o  
hydrochlorofluorocarbon ( H C F C )  blowing agents. HCFCs have only a f ract ion 
of the ozone depletion  potential of CFCs and are,   for  the  present, ,  
considered an environmentally  acceptable  alternative t o  b o t h  hydrocarbon 
and CFC blowing agents. The PSF industry, however, considers  the 
regulatory  status of HCFCs uncertain, and other   a l ternat ives   are  being 
actively  investigated.  
2.1 INDUSTRY CHARACTERIZATION 

0 Polystyrene foam manufacturing consists of three  separate 
processes  for  producing foam sheet,  foam board, and expandable 
beads. Ini t ia l   es t imates   indicate   that   the  expandable bead 
process  results i n  the   greatest  VOC emissions dur ing  processing, 
followed by foam sheet  production. Extruded foam board i s   s t i l l  
primarily manufactured  using CFCs as  the b lowing  agent, and,  
therefore,  VOC emissions  are  negligible; 

0 The polystyrene foam blowing industry  is  made u p  of many 
companies o f  widely  varying  sizes which purchase  polystyrene or 
expandable  polystyrene beads (EPS) and manufacture  speci a1 t y  foam 
products. These plants  are  spread  geographically t h r o u g h o u t  the 
United States. .  and ??:ct: : Y O  hc3:pi;, - 7  .:# s t a t 2 s :  , I . " 
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Polystyrene foam can be blown with a  number of different blowing 
agents. Until the  late 1980s, CFCs  were the blowing agent of 
choice  for extruded PSF products. Due t o  an eventual phaseout o f  

fully halogenated CFCs,  the industry is switching to  HCFCs and 
hydrocarbons as alternative blowing agents. The EPS process 
continues  to primarily use pentane as  the blowing agent,  while 
isopentane and n-butane are used occasionally. 

2.2 VOC EMISSIONS 
0 National VOC emissions from polystyrene foam blowing in 1988 are 

estimated at 25,000 short  tons per year; 
0 There are three general classes of emissions  from  polystyrene 

foam: manufacturing emissions; prompt foam cell losses,  which 
are losses  that typically occur during storage and shipping; and 
banked emissions, which are losses  that  occur through slow 
diffusion of blowing agents out of the  foam  over  the  life of the 
product. This  report focuses' on emissions  during  manufacturing, 
because they are significant and controllable. Less attention i s  

given  to  emissions during storage and shipping. Banked emissions 
are characterized to  some  extent, but discussion i s  limited 
because no  controls  for banked emissions have been identified 
(except, of  course,  for manufacturing with  alternate blowing 
agents) ; 

0 Exhaust streams  from individual plants are  typically 
characterized by high flow  rates and low VOC concentrations  due 
to OSHA regulations for minimizing worker  exposure  to  pentane and 
ventilation systems design requirements  to  ensure  that 
concentrations  remain below 25 percent of the  Lower  Explosive 
Limit (LEL) to minimize fire and explosion hazards. 

2 . 3  VOC EMISSIONS  CONTROLS 
Incineration is a demonstrated and readily  available  add-on 
control technology for reducing VOC emissions  from  polystyrene 
foam blowing. Incineration can  reduce  captured VOC emissions by 
98t percent;  however,  the  cost per ton of VOC removed  can be 
relatively high due to  the  large  exhaust  flow  rates and low VOC 
concentrations  characteristic of the  exhaust stream. PSF plants 
+h> t ,  h?I;/F ,-;j~*-C,--:*.; .._ ..." 8 1 '1" . ? P " .  . ~ > -  . . : r?r?~ .?g  "3'1;s.5:Ynnc -?:7t?r+? :?vc , .  
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d u c t e d   t h e   e x h a u s t   t o   e x i s t i n g   b o i l e r s   o r   o t h e r   e x i s t i n g  
combust ion   dev ices ,   and  nave  thereby   e l im ina ted   the   ma jor  c a p i t a l  
expenses ; 

0 Carbon  adsorpt ion  a lso  has  been  demonstrated  as a VOC emiss ions 
c o n t r o l   d e v i c e   f o r   t h e  PSF m a n u f a c t u r i n g   i n d u s t r y .  However, t h e  

VOC r e m o v a l   e f f i c i e n c i e s   a r e   e x p e c t e d   t o   b e  somewhat l o w e r   t h a n  

remova l   e f f i c i enc ies   wh ich   can   be   ach ieved   us ing   i nc ine ra t i on ;  
0 Use o f  a1 te rna te   b low ing   agen ts   such  as c h l o r o d i f l  uoromethane 

(HCFC-22),  and t e t r a f l u o r o e t h a n e  (HCFC-134a) i n  p l a c e   o f  CFC and 
hydrocarbon  b lowing   agents ,   o r  C02 i n  c o m b i n a t i o n   w i t h  
hydrocarbons i s   i n c r e a s i n g  as a means o f  VOC and CFC emiss ion  
r e d u c t i o n ,   p a r t i c u l a r l y   f o r   s h e e t   e x t r u s i o n   p r o c e s s e s .   C o s t  and 
a v a i  1 a b i  1 i t y  o f   t h e  a1 t e r n a t e   b l o w i n g   a g e n t s   a r e   s t i l l  

p r o b l e m a t i c ,   a l t h o u g h  a s i g n i f i c a n t   p o r t i o n   o f   t h e  PSF sheet  

e x t r u s i o n   i n d u s t r y   h a s   r e c e n t l y   s w i t c h e d   t o   u s i n g   p r i m a r i l y  
c h l o r o d i f l u o r o m e t h a n e  (HCFC-22)  as a b low ing   agen t .  

2.4 CONTROL  COST ESTIMATES- 
Cont ro l   cos ts   have   been   es t ima ted   f o r  PSF sheet  and EPS bead  processes 

f o r   s m a l l ,  medium,  and l a r g e   c a p a c i t y   f a c i l i t i e s .  Carbon  adsorp t ion  and 
t h e r m a l   i n c i n e r a t i o n   a r e   c o n s i d e r e d .  as c o n t r o l   o p t i o n s .  The r e s u l t a n t   c o s t  
e f f e c t i v e n e s s   f i g u r e s   a r e  as f o l l o w s :  

Carbon   Adsorp t i on   Therma l   I nc ine ra t i on  

P r o c e s s   C a D a c i t v   ( t o n / v r l   p o l  1 u t   a n t  removed 1 R o l l   u t a n t   r e m o v e d )  
Foam Produc t   Cos t   ($ / ton   o f   Cos t   ($ / ton   o f  

EPS Bead  1,500 
3,000 
4,500 

PSF Sheet  1,000 
5,000 

10,500 

2-3 

3,300 
2,010 
1,405 

6,790 
2 ,  !9G 
1,290 

6,950 
5,020 
4,405 

11,100 
5,055 
4,050 





3.0 INDUSTRY  STRUCTURE 

~ 

Po lys ty rene  foam ( P S F )  p roduc ts   a re   manu fac tu red   by   one   o f   two   bas i c  
p rocesses ,   ex t rus ion   o r   expandab le   bead   b low ing .   Bo th   o f   t hese  
m a n u f a c t u r i n g   p r o c e s s e s   a r e   d e s c r i b e d   i n   d e t a i l   i n   S e c t i o n  4.0.  Foam 
e x t r u s i o n  and  expandab le   po lys ty rene (EPS) bead  b lowing  each  produce 
d i s t i n c t  e n d   p r o d u c t s ,   a n d   i n v o l v e   d i s t i n c t   p o p u l a t i o n s   o f   m a n u f a c t u r i n g  

i o m p a n i e s .   T h i s   s e c t i o n   o f   t h e   r e p o r t   d e s c r i b e s   t h e   p r o d u c t s   m a n u f a c t u r e d  
f rom PSF, the  companies  that   produce PS and f i n i s h e d  PSF p r o d u c t s ,  and 
r e c e n t   m a r k e t   t r e n d s .  

3.1 END PRODUCTS 

I n  g e n e r a l ,  PSF p roduc ts   a re   used  fo r   var ious   packag ing   and/or  
i n s u l a t i o n   p u r p o s e s .  The d e n s i t y ,   s t r e n g t h ,   f o r m a b i l i t y ,  and i n s u l a t i n g  
q u a l i t i e s   o f  PSF make i t  an i d e a l   m a t e r i a l   f o r   t h e   f a m i l i a r   p a c k i n g  
" p e a n u t s , "   h a m b u r g e r   b o x e s ,   a n d   h o t   o r   c o l d   d r i n k   c u p .  A 1988 e s t i m a t e  of  
end  uses f o r   p o l y s t y r e n e   r e s i n   i n d i c a t e s   t h a t   e x t r u d e d  foam  board  products  

a c c o u n t   f o r  11 p e r c e n t ,   s i n g l e   s e r v i c e   e x t r u d e d   s h e e t   p r o d u c t s   a c c o u n t   f o r  

25 p e r c e n t ,   a l l   o t h e r   s h e e t  22 percent,   and EPS p r o d u c t s   a c c o u n t   f o r  

41 p e r c e n t   o f   t o t a l  U.S. PSF p r o d u c t i o n   ( a p p r o x i m a t e l y  1354 m i l l i o n   l b / y r ) .  

T o t a l  PSF p r o d u c t i o n   i n   t u r n   a c c o u n t s   f o r   a p p r o x i m a t e l y  26 p e r c e n t  o f  t o t a l  

po l ys ty rene   use .  1 
3.1.1 Ext ruded  Produc ts  - Boardstock  and  Sheet 

Ex t ruded PSF p r o d u c t s   i n c l u d e   t h o s e  made from  foam  board  and  foam, 
s h e e t .   M a r k e t   f i g u r e s   f o r  1988 f r o m   t h e   J o u r n a l   o f   M o d e r n   P l a s t i c s  
i n d i c a t e   t h a t   a b o u t  60 p e r c e n t   o f  PSF p roduc ts   a re   ex t ruded . *  The v a s t  
m a j o r i  t y  o f  PSF board i s  used as i n s u l a t i o n   m a t e r i  a1 i n  commerci a1 and 

r e s i d e n t i a l   c o n s t r u c t i o n .  Foam board i s  somewhat h i g h e r   t h a n   f i b r o u s   g l a s s  

i n   i n s u l a t i n g   e f f i c i e n c y  and  comparable i n   c o s t  i n  d o l l a r s   p e r   R - f a c t o r  

! h e a t - r e s i s t a n c e   f a c t o r ) .  and i s  a l s o   o r a c t i c a l   i n   c e r t a i n   c o n s t r u c t i o n  

d e s i g n s   w h e r e   t r a d i t i o n a l   i n s u l a t i n g   m a t e r i a l s   a r e   n o t .  
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Extruded PSF i n s u l a t i o n   h a s   h i g h   r e s i s t a n c e   t o   m o i s t u r e   a n d   t o  
f r e e z e / t h a w   d a m a g e   a n d ,   c o n s e q u e n t l y ,   r e t a i n s   i t s   i n s u l a t i n g   q u a l i t y   l o n g e r  
t h a n   o t h e r   f o a m   i n s u l a t i o n   m a t e r i a l s .   I t  i s  p a r t i c u l a r l y   w e l l   s u i t e d   t o  
i n s u l a t i n g   a r o u n d   b u i l d i n g   foundation^.^ Some  PSF board i s   l a m i n a t e d   w i t h  
f a c i n g  materials t h a t   i n c r e a s e  the b o a r d ' s   m o i s t u r e   r e s i s t a n c e   a n d   r e t a i n  
the i n s u l a t i n g   c a p a b i l i t i e s   ( i . e . ,  the b l o w i n g   a g e n t )   l o n g e r .  

Foam sheet p r o d u c t s   a r e   u s e d   l a r g e l y   f o r   p a c k a g i n g ,   m o s t   n o t a b l y   f o r  
f o o d   p a c k a g i n g   a n d   s i n g l e   s e r v i c e   p a c k a g i n g .  The m o s t   f a m i l i a r   e x a m p l e s   o f  
foam sheet p r o d u c t s   a r e   f a s t   f o o d   c o n t a i n e r s ,   m e a t   a n d   p r o d u c e   t r a y s   u s e d  
i n  g r o c e r y   s t o r e s ,   a n d   d i s p o s a b l e   p l a t e s .   T a b l e  3-1 l i s t s  the major   end 
uses o f  PS foam  board  and sheet and presents t o t a l  U.S.  consumpt ion   of  
p o l y s t y r e n e   f o a m   p r o d u c t s  i n  1987  and  1988. 
3.1.2 Expandabl e Bead P r o d u c t s  

E x p a n d a b l e   p o l y s t y r e n e   ( E P S )   b e a d s   a r e   p r i m a r i l y   u s e d   f o r   f o a m   b o a r d  
and sheet,  foam  packaging   par t s ,   and   foam cups a n d   c o n t a i n e r s   a s  shown i n  
Table   3 -1 .   Most  EPS b e a d s   a r e   s o l d   i n   b u l k   t o  foam p r o c e s s i n g   c o m p a n i e s  
who expand t h e  b e a d s   t o   t h e   r e q u i r e d   d e n s i t y   a n d  mold them i n   " s t e a m   c h e s t "  
molds .   Abou t   ha l f  the PSF i n s u l a t i n g   b o a r d   i s   p r o d u c e d   f r o m  t h e  e x t r u d e d  
p r o c e s s   a n d   h a l f   f r o m  t h e  b l o w n   b e a d   p r o c e s s .   P h y s i c a l   p r o p e r t i e s   s u c h   a s  
thermal r e t e n t i o n   a n d   d i m e n s i o n a l   s t a b i l i t y   a r e   a b o u t   e q u i v a l e n t   a t  
comparab le  d e n ~ i t i e s . ~  However, EPS i n s u l a t i o n   b o a r d   i s   c o n s i d e r a b l y   l e s s  
expensive than e x t r u d e d  PS b o a r d   o r   p o l y u r e t h a n e   b o a r d .  Blown bead 
i n s u l a t i o n   b o a r d   i s   u s e d   p r i m a r i l y   i n   l a r g e   c o m m e r c i a l   r o o f i n g   a p p l i c a t i o n s  
a n d   e x t e r i o r   w a l l   s y s t e m s .  

PSF p a c k a g i n g   m a t e r i a l s   i n c l u d e   l o o s e  f i l l ,  such a s   " s h e l l s "   a n d  
" p e a n u t s , "  as well a s   mo lded   shapes  such a s   t h o s e   t h a t   p r o t e c t   a u d i o  
equ ipmen t   du r ing   sh ipp ing .   Loose  f i l l ,  o r   d u n n a g e ,  i s  m a n u f a c t u r e d   w i t h  a 
c o m b i n a t i o n   o f   e x t r u s i o n   a n d  EPS o p e r a t i o n s .  
3.1.3 S u b s t i t u t e   a n d   C o m p e t i n q   P r o d u c t s  

For   mos t   ex t ruded   and   expandab le   bead '  PSF p r o d u c t s  there  a r e  
compet ing   products .   However ,  there a r e   t r a d e - o f f s   i n   p e r f o r m a n c e ,   s u c h   a s  
i n s u l a t i o n   p r o p e r t i e s   f o r   h e a t   r e t e n t i o n ,  and   env i ronmen ta l   conce rns  such 
as r e c y c l a b i l i t y  t o  be   cons idered .   For   example ,  PSF sheet i s  u s e d   f o r   f a s t  
f o o d   p a c k a g i n g   p r i m a r i l y  by McDonald 's   Corporat ion.  Other f a s t   f o o d  . 
o p e r a t i o n s ,  such as Wendy's,   Arby's,   and  Burger  King use v a r i o u s   p l a s t i c   o r  
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TABLE 3 - 1 .  DOMESTIC CONSUMPTION OF POLYST'(RENE FOAM BY END USES5 

1987  1988 
(mill. l b s . )   ( m i l l .   l b s . )  

Ex t ruded Foam 

Board 

Sheet 
S i n g l e   S e r v i c e   C o n t a i n e r s  
S tock  Food Trays 
Egg Cartons 
Other  Foamed Sheet 

Subto ta l   Sheet  

T o t a l   E x t r u d e d   P o l y s t y r e n e  

ExDandab1  e  Beads 

Bui  1 d i n g  and C o n s t r u c t  i ona 
Cups and Con ta ine rs  
Pac kag i ng 
Loose Fill 
Other  EPS Produc ts  

T o t a l  EPS Bead Produc ts  

142 

285 
188 
80 
61 

614 

7  56 

173 
160 
80 
42 
68 

147 

344 
190 
80 
35 

649 

796 

170 
166 
106 

60 
56 

523 558 

a F i g u r e s   i n c l u d e   c o n s t r u c t i o n   u s e s   o t h e r   t h a n   i n s u l a t i o n   b o a r d ,  
such as w a l l  and c e i l   i n g   c o v e r i n g s  and conc re te  f i 1 l e r .  
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fo i l  laminated  paper  products  for wrapping  food;  the  cost  is  approximately 
equivalent  for a l l  of  these wrapping  options.  Different companies  choose 
d i f fe ren t  wraps, based on effectiveness,   perceived  attractiveness,  or 
consumer appeal .6 Egg cartons  are manufactured from PSF sheet or from 
paper. Recent aggressive  marketing by the  paper  industry has resulted i n  
increased  competition between paper and PSF sheet  manufacturers of egg 
cartons.  Recently, PSF waste  disposal has become an important issue.  
Concern over  landfil l ing and harm caused t o  marine mammals have received a 
cer ta in  amount of consumer attention and could affect  competition. 
Industry i s  beginning  recycling  efforts f o r  PSF products. 

Foam insulating  materials have become popular  in  construction  since 
the  early 1970s. However, polyurethanelpolyisocyanurate and other  products 
such as  phenolic and fibrous  glass board  a r e   s t i l l  more  commonly used t h a n  
PSF f o r   t h i s  purpose. Because of i ts   superior  moisture  resistance,  PSF 
insulation board has advantages  over  other  insulation  boards  for below 
grade i nsul a t  i o n .  
3 . 2  MAJOR MANUFACTURERS O F  PSF 

3 . 2 . 1  Pol vstvrene  Producers 
Polystyrene is  the raw material for extruded PSF products. About 20 

t o  25 percent of polystyrene  resin produced i s  used i n  foam products. 
Relatively few large chemical companies produce the  polystyrene polymer. 
Most extruded PSF products  are  also manufactured by these  large  polystyrene 
producers. Blowing agent i s  incorporated i n t o  the  polystyrene  as i t  i s  
extruded. Expanded polystyrene  products, however, are made from 
polystyrene  beads, which contain an inactive blowing agent. These  beads 
are  usually produced by the  large chemical  companies, b u t  they  are expanded 
and molded a t   d i f fe ren t   fac i l i t i es ,   as   descr ibed  i n  the  following  section. 
Taole 3 - 2  i l s t s   t h e  major U .  S .  producers o f  polystyrene  resin and t h s  
estimates from three  sources o f  their   respect ive annual capaci t ies   for  
polystyrene  production. Note t h a t  these  figures  for  polystyrene  production 
include  resin used fo r  some products  other t h a n  foam products. 
3 . 2 . 2  Foam B1 owers 

In some cases, PSF products  are  manufactured by the PS. producing 
companies'. However,  most PSF f a c i l i t i e s  do n o t  produce PS. These 
companies purchase PS and EPS beads as raw materials from PS producing 
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TABLE 3-2.  ESTIMATED U. S. PROOUCTION OF POLYSTYRENE RESINS 

D i rec to ry   o f  Chemical  Mannsvi \ l e  
Chemi ca  1  Marketing  Chemical  Products  Average of  

Producers  Reporter Synops i s Avai [ ab le  
Plant  Locat ion 1 9 8 4  June, 1988' April, 1988' Data 

A & E P l a s t i c s  

American Petrof ina,  Inc. 

City o f  Industry, C a l i f o r n i a  

Calunet City, I l l i n o i s  
Carvi l le,   Louis iana 
Uindsor, Neu Jersey 

Oxford,  Massachusetts 

55 55 

200 
1 8 0  
135 

200 
1 70 
140 

200 
340 
100 

200 
230 
125 

American  Polymers, I n c .  

Amoco Corporation 

106 80 70 85 

J o l i e t ,   I l l i n o i s  
Decatur, Alabama 
Torrance, C a l i f o r n i a  
U i l l o u  Springs, I l l i n o i s  

Monaca, Pemsylvania 
Painesv i l le ,   Ohio 

South  Brunsuick, New Jersey 

Marietta, Ohio 

Ouensboro, Kentucky 

Gales  Ferry,  Connecticut 
Ironton, Ohio 
J o l i e t ,   I l l i n o i s  
Midland, Michigan 
Pevely,  Missouri 
Torrance,  Californ'ia 

260 260 
207 

30 
79 

203 
30 
77 

210 
25 
75 

35 
85 

ARC0 Chemical Cocrpany 545 560 
70 

560 
70 

555 
70 

BASF Corporat i on 

Chevron 

Dart  Container  Corporation 

Dou Chemical U.S.A. 

180 220 175 192 

480 440 440 453 

70 70 65 68 

100 
200 
210 
400 
120 
200 

130 
200 
215 
400 
120 
150 

100 110 
200 
208 
3 78 
113 
183 

200 
335 
100 
200 

General  ELectric-Huntsman  Corp. 

Godson  Polymers,  Inc. 

Huntsman Chemical Corporation 

Se lk i r k ,  New York 70 100 85 

Troy,  Ohio 

Belpre,  Ohio 
Chesapeake, V i r g i n i a  
Peru, I l l i n o i s  
Rome, Georgia 

Hazleton,  Pennsylvania 

110 80 78 89 

300 
400 
378 d 

45 

300 
400 
250 

33 

35 

320 
445 
220 

40 

307 
41 5 
2 83 

39 

Kama Corporation 35 37 36 
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TABLE 3-2. (Continued) 

Directory of Chemi ca l Mannsvi l le 
Chemi ca 1 Marketing  Chemical  Products  Average cf 

Producers  Reporter Synops i s Avai labie 
Plant  Location 198P June, 1988' Apri 1, 1988' Data 

Mobil Corporation 
~ ~~ ~ 

Holyoke,  Massachusetts 80 80 
Joliet, Illinois 365 360 
Sante A n a ,  California 70 60 

80 80 
360 362 
60 63 

Monsanto  Ccmpany Ackiyston, Ohio 300' 210  300  270 

Polysar Grwp Akron, Ohio 120 84 
Copley,  Ohio 
Decetur,  Alabama 140  70 
Leominster,  Massachusetts 1 8 0  126 
Springfield,  Massachusetts 180 210 

102 
140 140 
70  93 
180  162 
300  230 

Scott Paper  Company Fort Uorth,  Texas 
(Plant formerly  ouned  by 
Texstyrene) 

90 100 120  103 

Tenneco, Inc. City of Industry, California 55 55 55 55 

Vititek  Delano,  California 5 5 5 

TOTAL: 6329 

a SRI estimates  as of January 1 ,  1989. SRI International.  Directory of Chemical  Producers. 1989. p. 900-901. 
' Chemical Profile. Chemical  Marketing  Reporter.  June 20,  1988. p. 74-75. 
Based on announced  capacities and trade estimates. Mannsville  Chemical  Products  Corporation.  Chemical  Products 
Synopsis: Polystyrene.  April, 1988. 
150 mi llion pounds of capacity  on standby. 
PLant is leased to Polysar, Inc. 

Note: These  production  figures  include  resin used for some products  other  than foam prodwts. 
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companies.   This i s  e s p e c i a l l y   t r u e   i n   t h e   c a s e   o f  EPS beads.  Those PSF 

f a c i l i t i e s   w h i c h   p u r c h a s e   r a t h e r   t h a n   p r o d u c e  PS f o r   u s e   i n  foam 
m a n u f a c t u r i n g   t e n d   t o   b e   s m a l l e r   f a c i l i t i e s  and may s p e c i a l i z e   i n   c u s t o m  
molding  such  as  foam  packing  for   appl iances.  These  foam  blowing  companies 
a r e   m o r e   d i f f i c u l t   t o   c o u n t  and c h a r a c t e r i z e ,   s i n c e   t h e y   a r e  so v a r i e d  and 
a re   no t   t racked   by   economic   ana lyses   o f   t he   i ndus t r y ,  as a r e   t h e   l a r g e  

chemical  companies. 
Severa l   t r ade   assoc ia t i ons   rep resen t   t hese   va r ious   f oam  b low ing  

companies  and  suppl iers .   The  largest   and  most   wide ly   recognized 

a s s o c i a t i o n  i s  t h e   S o c i e t y   o f   t h e   P l a s t i c s   I n d u s t r y   ( S P I ) .  S P I  r e p r e s e n t s  

hundreds o f  companies  from a l l   p a r t s  o f  t h e   p l a s t i c s   i n d u s t r y ;  PS and PSF 
a r e   t h e   f o c u s   o f   o n l y  one o f  many d i v i s i o n s   w i t h i n  S P I .  The Foodserv ice  
a n d   P a c k a g i n g   I n s t i t u t e ,   f o r m e r l y   t h e   S i n g l e   S e r v i c e   I n s t i t u t e ,  i s  an 
example o f  a s p e c i a l i z e d   a s s o c i a t i o n   s e r v i n g   p l a s t i c   f o a m   p r o d u c e r s   a l m o s t  

e x c l u s i v e l y .   T h e r e   a r e   a l s o   t r a d e   a s s o c i a t i o n s   f o r   t h e   p a c k a g i n g   i n d u s t r y  
t h a t   r e p r e s e n t   t h e  PSF sheet   producers i n   p a r t i c u l a r .  

The  number o f  PSF producers was e s t i m a t e d   b y   c o m p i l i n g   t r a d e  

a s s o c i a t i o n   m e m b e r s h i p   l i s t s ,   l i s t i n g s   i n   t h e  Thomas R e g i s t e r ,  and  another 
p u b l i s h e d   l i s t   o f  foam b lowing   compan ies .   Tab le   3 -3   g ives   the  number o f  
foam  b lowing  companies  located i n  e a c h   S t a t e   t h a t   a r e   l i s t e d   i n  a t  l e a s t  

one o f   t h e   t a b l e ' s   r e f e r e n c e s .  The t h r e e   r e f e r e n c e s   u s e d   t o   c o m p i l e   t h i s  
t a b l e  show v e r y   l i t t l e   o v e r l a p ;   t h e r e f o r e ,  i t  i s   d i f f i c u l t   t o  gauge t h e  

completeness o f  t h i s   l i s t .  Appendix A l i s t s  many o f   these  compan ies   and 
t h e i r   l o c a t i o n s .  Foam p r o d u c t   m a n u f a c t u r e r s   t e n d   t o   c l u s t e r   a r o u n d   u r b a n  

areas   and  manufac tur ing   cen ters   where   packag ing   mater ia l  i s   i n  demand. 

O v e r   t w o - t h i r d s   o f   t h e  PSF m a n u f a c t u r i n g   f a c i l i t i e s   l i s t e d   i n   A p p e n d i x  A 
a r e   l o c a t e d   i n  ozone  non-at ta inment  areas. 

3.3 ECONOMICS OF THE  PSF INDUSTRY 
A v a i l a b l e   a n a l y s i s   o f   t h e  PSF i n d u s t r y   f o c u s e s   o n   t h e   p r o d u c t i o n   o f  

PS and EPS beads. I n   t h e   l a t e  1980s, c u r r e n t   j o u r n a l   a r t i c l e s   n o t e  a surge 
i n   t h e  demand f o r  and p r o d u c t i o n   o f  PSF i n   g e n e r a l  . lo, l 1  The  surge  has 
been c o n s t r a i n e d   b y  a s h o r t a g e   i n   t h e  PS supp ly ,   and  compl ica ted   by  
a g g r e s s i v e   c o m p e t i t i o n   f r o m   t h e   p o l y u r e t h a n e   f o a m   a n d   p a p e r   i n d u s t r i e s .  

The t r a d e   j o u r n a l  Modern P l a s t i c s   p r e d i c t e d  a s t a b i l i z a t i o n   o f   t h e  

PSF m a r k e t   d u r i n g  1989. Growth  has  been a t   a b o u t  2 p e r c e n t   i n  1989 
. .. :.-,7:.~.l - ~ -  .~ ap-." ..-,.,,#r,: .-- -.srcql.,r, -*Ls- 37:- C.-" '"70 A -  ' Q : ?  inr - 7 -  . 
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TABLE 3 - 3 .  DISTRIBUTION OF PSF PRODUCERS BY STATE 

Sheet,  Film,  Board, and Block Producer 
Including Foam 61 owers and Extruders l ,&9 

State 
Number o f  
Facilities 

Number o f  
State  Facilities 

A1 abama 
Arizona 
Arkansas 
Cal i forni a 
Colorado 
Connecticut 
F1 orida 
Georgi a 
Hawaii 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Mary1  and 
Massachusetts 
Michigan 
Minnesota 

2 
1 
7 

23 
4 
7 
6 

11 
1 
1 

12 
5 
2 
1 
4 
3 

12 
14  

3 

Mississippi 
Missouri 
Nebraska 
New Hampshire 
New  Jersey 
New Mexico 
New  York 
North Carol i na 
Ohio 
Okl ahoma 
Pennsylvania 
Rhode I sl and 
South Carol ina 
Tennessee 
Texas 
Virginia 
Washington 
Wisconsin 

TOTAL 

14 
9 
2 
1 
9 
1 

14 
4 

14 
1 

19 
2 
2 
3 
8 
4 
6 
5 

237 
- - 
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1989 to 1992, average PSF industry growth is predicted to be 3 to 4 percent 
per year. Four key U.S. producers plan  to increase production of EPS beads 
in order to meet predicted demand. This increased production capacity is 
expected to stabilize the PS market further.l* 

The price of polystyrene resin determines  the price of finished PSF 
products. Resin price, in turn, is dependent upon the  price of benzene and 
ethylene, the major raw  materials used to produce PS. Prices o f  these  raw 
materials  were predicted to  rise early in 1989.13 However,  efforts by 
major producers to restrain rising costs o f  PS are likely  to be effective; 
the producers are concerned that higher PS prices would cause  a switch to 
competing products. 
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4 .0  POLYSTYRENE MANUFACTURING PROCESSES. 

4.1 PROCESS HISTORY AND OVERVIEW 
The three primary forms of PSF are  extruded  sheet,  extruded  board, and 

molded EPS. The production of PSF has been developed t h r o u g h  a number o f  

processes  over  the  last 45 years. The oldest  commercially available form 
i s  PSF board ,  f i r s t  marketed by the Dow Chemical Company around 1943 under 
the  trade name StyrofoamTM. Foam sheet was introduced  in  the mid 1960s, 
i n d  immediately found widespread use i n  the packaging industry. 

Polystyrene i s  foamed t h r o u g h  the use of physical blowing agents. 
Physical blowing agents  are  gases or l iquids  which are  soluble i n  the 
molten polymer under pressure. Upon depressurization,  the blowing agent 
volati l izes,   causing  the polymer t o  foam through the  formation of gas 
c e l l s .  

I n i t i a l l y ,  PSF was produced with vo la t i l e  hydrocarbon  blowing agents 
such as  n-pentane,  isopentane, and n-butane. These blowing agents pose a 
sa fe ty   r i sk  due t o  their   highly flammable nature, and began t o  gradually be 
rep1 aced with nonflammable CFCs. Recent regulations prompted by widespread 
concern  over  depletion of the s t ra tospheric  ozone layer due t o  the  use of 
CFCs have caused some major producers of PSF t o  reevaluate   their  commitment 
t o  the use  of CFC-11 and CFC-12, and investigate a return t o  hydrocarbon 
blowing agents or other   a l ternat ives  such as H C F C - 2 2 .  Current ly ,   extrusiw 
and EPS bead molding account for   v i r tua l ly  a1 1 PSF product  manufacturing. 
These two processes and their   respect ive blowing agents  are  described  in 
detai  1 bel ow. 
4 .2  E X T R U D E D  POLYSTYRENE FOAM SHEET 

The formation of PSF shee t   i s  an extrusion  process, commonly using two 
extruders i n  s e r i e s  or one extruder  with two sections.  The process 
produces foam sheets 1 t o  7 mm thick,   with  densit ies of 32 t o  160 kg/m3 ( 2  
L-, ln 1 c c  311 n_ ~ . , ~ : - ? l  = : , + v . s ~ 3 ~  

I _  , . a  ", ~ , ,  - : _ _ .  .... 'SF F3am sheet  manufacturing  process 
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flow diagram i s  shown i n  Figure 4 - 1 .  Polystyrene  pellets  are mixed w i t h  a 
small amount ( 0 . 2  t o  2 percent) of powdered nucleating  agent such as t a l c ,  
or a combination of c i t r i c   ac id  and bicarbonate of soda.2  This  mixture i s  
fed  into  the primary extruder. The extruder  is  heated t o  provide an 
increasing  temperature  profile a long  i t s  length, so t h a t  the  polystyrene 
melts. The blowing agent is   in jected as a l iqu id ,  under  high pressure, 
into  the primary  extruder where i t  mixes with the molten polystyrene. A 
screen i s  used t o  remove impurities from the molten polystyrene  before i t  
enters  the secondary  extruder. The secondary  extruder  introduces a cooling 
prof i le  t h a t  increases  the  mixture’s  viscosity and gives i t  enough strength 
to  contain  the blowing agent  as i t  expands. As the  viscous  polystyrene mix  
leaves  the  secondary  extruder t h r o u g h  a d i e ,  i t  foams  and pa r t i a l ly  
s o l i d i f i e s .  The blowing agent  bubbles attach  to  the  nucleating  agent, and 
a ce l lu l a r   s t ruc tu re   i s  formed. 

An annular  extrusion  die  is  used in  extruded  polystyrene  sheet 
production,  resulting i n  a tubular form. Foaming in i t ia tes   near   the   d ie  
ou t le t  where the  pressure  rapidly  decreases,  allowing  the blowing agent t o  
vo la t i l  
a i r  i s  
occurs 
mandrel 
end of 

ize .  As the foamed polystyrene  passes t h r o u g h  the   d ie ,  compressed 
applied, forming a skin on the  outer  surfaces.  Additional foamimg 
outside  the  die  as  the  polystyrene  tube  passes  over a forming 
, which determines  the  final  circumference of the foam tube. A t  the 
the mandrel , the  tube i s   s l i t  lengthwise,  flattened o u t ,  and an 

S-wrap, or sheet wrapping u n i t ,  winds the  sheet  into a r o l l .  The PSF sheet 
i s  then  stored  for two t o  five  days. During this   t ime,  a portion of the 
blowing agent  diffuses o u t  of  the foam c e l l s  and i s  replaced w i t h  a i r .  
This r e su l t s  i n  an optimum r a t i o  of a i r   t o  blowing agent w i t h i n  the foam 
c e l l s ,  which will  allow  for  postexpansion of the PSF during  reheating, 
before  thermoforming. 

Thermoforming i s  a process  in which the  extruded PSF sheet i s  

reheated,  then  pressed between the two halves o f  a metal mold t o  form the 
desired end product such as f a s t  food containers.  After  thermoforming,  the 
molded shape i s  trimmed, sometimes printed,  and packaged. Resulting  scraps 
are  ground and sent t o  scrap  storage  si los.   This  scrap i s  introduced  into 
the  primary  extruder  with  virgin  polystyrene.  Polystyrene  scrap  typically 
makes up 35 percdnt of the  total  polystyrene  fed  to the primary extruder.  
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4.3 EXTRUDED POLYSTYRENE FOAM BOARD 
Polystyrene  foam board ranges from 1.25 to 15 cm  thick, with densities 

of 21 to 66 kg/m3 (1.3 to 4 lbs/ft3). The extrusion of PS  foam boards is 
identical to  that  of  PS foam sheets, with the  exception  that  a  simple slit 
aperture die is  used instead of an annular die so that board is extruded as 
slabs  rather than a tube. Following cooling of the  PS  board, it  is trimmed 
to  size and packaged. A typical PSF board manufacturing process  flow 
diagram is shown in Figure 4-2. Some board is laminated with facing 
materials  that act as a vapor barrier or aid  in the  retention of low 
conductivity  gas. 
4.4 EXPANDABLE POLYSTYRENE (EPS) 

Expandable polystyrene is produced from spherical polystyrene beads 
which have been impregnated with a volatile hydrocarbon such as pentane. 
The  polystyrene beads are produced by polymerizing styrene in a  water 
suspension and adding a volatile liquid such as  pentane as a blowing agent. 
The beads typically  contain  five  to seven percent by weight of the blowing 
agent. Prior  to use the beads are stored at ambient temperatures in 
cartons with vapor barrier plastic liners  to inhibit premature  diffusion o f  
the blowing agent  from  the beads.s 

A typical EPS  bead manufacturing process flow  diagram is shown in 
Figure 4-3. Normally,  the beads are expanded in one  step and molded in 
another. Expansion is promoted by exposing the beads to  a  continuous  flow 
of steam or hot air at temperatures of 212°F to 220°F within  a process unit 
called a  pre-expander. Batch and continuous processes are common. A 
typical EPS batch pre-expander process is shown in Figure 4-4. The 
transfer of heat vaporizes the volatile hydrocarbon trapped in the 
polystyrene  matrix;  the volatiles are released from  the  matrix  causing  the 
beads to foam and expand. This is the stage where  the  density of the  raw 
beads is brought to approximately the density required for molding. The 
amount of expansion is controlled by steam pressure and temperature, and 
the bead feed rate.6 This process is generally performed in a  continuous 
mode. 

Following the expansion process,  the  excess  moisture acquired during 
steaming ,is eliminated with hot air, and the beads are  transported to 
storage  silos constructed of large mesh bags,  where  they  are allowed to 
.-  .J > 
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portion of the remaining trapped volatile compounds  evaporates, and is 
replaced with air that diffuses into the beads. Air may be pumped throqh 
the beads to accelerate the aging process. There  are  three  types  of 
molding: shape,  block, and cup molding.8 

In shape  molding,  a premeasured amount of expanded beads is fed to  a 
preheated split  cavity mold. The beads are exposed t o  steam through small 
holes in the mold. The beads undergo further  expansion,  become  soft and 
molten due to  the  transfer of heat from  the ,steam, and fuse  together under 
these  conditions  to  form  a single polymer mass. Following the expansion 
and fusing process, the mold and PSF part are cooled by circulating  water 
through the mold. The mold is then opened, and the molded part.is ejected 
by compressed  air, mechanical pins, or manually. Shape-molded  polystyrene 
foam products have densities ranging from 1.0 to 2 . 5  lb/ft3.9 

In block molding,  pre-expanded beads are molded into large blocks of 
densities  from 0.8 to 1.0 lb/ft3.I0 Following cooling and intermediate 
storage,  the blocks are sliced into sheets or custom fabricated shapes. 

Cup molding uses smaller beads and lower blowing agent  content than 
block or shape molding. Small beads are used to accommodate  the thin walls 
of  the.cup molds. Cup density i s  over 3.5 1b/ft3.I1 Cups are molded at a 
moderate  temperature;  the final product is packaged in plastic and  boxed 
for shipping. 
4.5 POLYSTYRENE LOOSE FILL PACKAGING 

Polystyrene loose fill packaging is manufactured with a  combination of 
extrusion and  bead expansion. The following process description is taken 
from  the South Coast Air Quality Management District's Staff  Report for 
Proposed Rule 1175. 

Recycled and new polystyrene are mixed with a  nucleating  agent and 
melted,  as for extrusion. The blowing agent i s  injected under  pressure, 
and the  viscous mix is extruded, foaming as  the blowing agent  evaporates, 
and forming  hollow  strands as it exits through the die. The hollow  strands 
are  cut into 3/4-inch pieces. The strands are then steamed for'  further 
expansion, as are EPS beads. Intermediate aging follows, and then  the 
strands  are  further steam expanded, dried in ovens, and aged. The density 
of loose fill is about 0.2 lb/ft3.12 
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5.0 PROCESS EMISSIONS 

5.1 PROCESS EMISSIONS OVERVIEW 
For processes using hydrocarbon blowing agents, VOC emissions are 

known to  occur at various phases of PSF manufacture and use. There are 
three general classes of emissions: manufacturing emissions, prompt foam 
cell loss, and banked emissions. Manufacturing emissions are the loss  of 
blowing agent  during processes prior to storage of the final product. 
Emissions from  extrusion,  thermoforming, and scrap grinding during PSF 
sheet  manufacturing, and pre-expanding and molding emissions during EPS 

manufacturing are examples of manufacturing emissions. Prompt foam cell 
losses  occur in the  first  one  to  two  months following manufacture,  either 
during storage and shipping, or consumer use. Banked emissions are 
associated with PSF boardstock production and,  therefore, are limited 
primarily to CFC-12 emissions. Banked emissions result when a portion of 
the blowing agent sealed in the closed cell structure of the boardstock 
slowly diffuses  out of the  foam  over  a long period o f  time. Generally, 
this  occurs during consumer use of the product. The  half-life  of  CFC-12 in 
PSF board, for instance, is estimated to be anywhere from 40 to 200 years. 

In addition to the  three general classes of emissions discussed above, 
manufacturing losses  can be further classified as fugitive  or point source 
emissions. Point scurce emissions originate from a  single location such as 
a process vent or exhaust stack. Fugitive emissions  originate from larger, 
more general areas such as  storage warehouses. 

The manufacturing processes described in Section 4.0 afford different 
opportunities  for blowing agents to escape. Industry-generated  data exist 
on points of emissions  during manufacturing and the  percentage of blowing 
agent  lost at each of these points. Characterization of VOC emissions from 
the EPS bead process was developed from an industry study based on emission 
measurements from 20 t o  25 plants.' The emissions profile for  the 

5- 1 



extrusion process is  based  on blowing agent emissions  data  from several 
producers, and on dialogue with representatives from major extrusion 
companies. 
5.2 EMISSIONS SOURCES 
5.2.1 ExDandab1 e Beads 

As described in Section 4 . 0 ,  EPS beads are produced by injecting 
pentane into polystyrene resin. The beads are expanded, and molded or cut 
in a  separate  process, usually at a  different facility. 

Manufacturing emissions of VOC occur primarily during expanding 
(blowing) and molding. Pentane emissions are a1 so known to occur during 
bead impregnation. In some  cases, bead impregnation occurs during the 
styrene polymerization process. These  particular  emissions are addressed 
by proposed Standards of Performance for New Stationary Sources: 
Propylene,  Polyethylene,  Polystyrene, and  Poly(ethy1ene terephthalate) 
Manufacturing Industry [52 FR 36678, September 30, 1987].3 However,  a 
small number of companies inject pentane into polystyrene resin. Emissions 
that may occur during this process are not covered by the  NSPS;  this report 
addresses only those EPS emissions that occur as part of the expansion and 
molding processes. There are several points of emission during  the 
expanding and molding process. Figure 5-1 shows points of manufacturing 
emissions and the percentage o f  total blcwing agent (pentane) emitted at 
each point. 

Total weight percent of pentane in raw beads is from 6 to 7.5 percent. 
This is the optimal concentration of blowing agent;  less would prevent 
expansion to desired  densities, and more would not significantly improve 
the product. Pentane concentrations can be lowered by using it in 
combination with other blowing agents, such as CO2. Alternative blowing 
agents and blowing agent combinations  are discussed ir. Section 6.3. 
Pentane  loss  analysis  figures from an industry study demonstrate that EPS 
bead pentane is lost primarily during expansion and molding. Additional 
significant los'ses occur  during  storage and shipping, and  fall in the 
category of prompt foam cell losses (see Table 5-1). The end product will 
typically have an average pentane weight of less  than 
two percent. 
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5 . 2 . 2  Extruded PSF Boardstock 
Extruded PSF board depends, t o  some extent,  upon  i t s  blowing a g e n t  

content   for   i ts   insulat ing  propert ies .  Extruded board i s  blown primarily 
w i t h  C F C  blowing agents. Only a b o u t  15 percent of the blowing agent i s  
emitted  during  the  manufacturing p r o ~ e s s . ~  Emissions  occur  primarily as 
the foam leaves  the  extruders. The remainder i s  emitted  gradually  over 
several  years as banked emissions .6 A s  blowing agent i s  1 os t  and rep1 aced 
by a i r ,   t h e  board loses some insulating  value; however, even when a l l  
blowing agent i s  replaced by a i r ,  PSF board i s   s t i l l  an e f fec t ive  
insulation. 

To a large  degree,  the  thickness of the board determines  the r a t e  o f  

emissions;  the  thicker  the b,oard, the  slower  the  emissions  rate. 
Because the  percent blowing agent l o s t  d u r i n g  manufacture i s  substant ia l ly  
lower for  extruded boa rd  t h a n  for  extruded  sheet or EPS products(l5 pe rcen t  
iersus  50 t o  80 percent) ,  and because the blowing agent used i n  extruded 
board is   usual ly  CFCs, emissions from extruded board are n o t  s ign i f icant  
r e l a t ive  t o  sheet and EPS emissions.  Therefore,  the  extruded boa rd  process 
will n o t  be considered  further i n  t h i s   r epor t .   I f ,  due t o  regulatory 
action,  the  extruded board industry moves towards  hydrocarbon blowing 
agents,  emissions from this  process  will need t o  be reexamined. 
5.2.3 Extruded PSF Sheet 

The PSF sheet  manufacturing  process i s  similar t o  the board process; 
however, more of the blowing agent i s  emitted  during  processing.  Table 
5-2 shows the approximate  percentage  losses of blowing agent d u r i n g  
manufacturing,  storage, and use.  Approximately 50 percent of the blowing 
agent i s  emitted d u r i n g  manufacture.  Emissions  will vary depending upon  
the  diffusion  ra te  of the  par t icular  blowing agent  being  used,  as well as 
the  product  being thermoformed. Different  product  sizes and shapes  require 
d i f fe ren t  mold configurations;  the amount of scrap  sheet  generated d u r i n g  
thermoforming varies  according t o  the mold configuration.  Since 
significant  emission  control can be achieved d u r i n g  the  scrap  reclaim 
process,  the amount of scrap  generated ( a n d ,  hence,  the  product  type) 
ul t imately  effects   the blowing agent  emissions. The most s ign i f icant  
manufacturing  emissions  occur  during  scrap  grinding and re-extrusion of 
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TABLE 5 - 2 .  SUMMARY OF  VOC EMISSION SOURCES AND EXAMPLE 
DISTRIBUTION IN POLYSTYRENE EXTRUSION PRODUCTS~~ 

Percenta Percenta 
From From 

Extruded Extruded 
Emission Source  Sheet Boardstock 

Manufacturing Losses 
Extrusion 10 10 
Intermediate Storage 5  5 
Thermoformi ng 5 
Scrap Grinding/re-extrusion 30 " _  

Prompt Foam Cell Losses 50 1 
(within 1-2 months) 

Banked Emissions 0 84 

" _  

100.0 100.0 
_ _ _ _ ~  ~ 

aThese  estimates may vary among producers based 
on blowing agent content and process conditions. 
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recycled sheet. Minor losses occur during extrusion and thermoforming as 
the foam is heated. Prompt foam cell losses are also significant; about 50 
percent of the blowing agent is lost within two  months after manufacture. 
There are virtually no banked emissions in PSF sheet.', 8, 9 9  lo  
5 . 3  VOC EMISSION RATES 

This section presents estimates of VOC emission rates and 
concentrations for "typical" EPS and sheet manufacturing plants. These 
estimates are based  on the assumptions noted on Tables 5 - 3  and 5 - 4 .  They 
are not based  on  actual emissions measurements. Total VOC emissions at  any 
particular manufacturing facility will vary significantly based on the 
facility size, process, and type of foam products produced. However, the 
emission estimates presented here can provide some  guidelines on emissions 
as a  function of plant production. Calculations of emissions  estimates are 
shown in Appendix B. 
i . 3 . 1  Model P1 ants 

Tables 5 - 3  and 5 - 4  present production and material usage 
characteristics  for  small,  medium, and large plants producing 
PSF sheet and EPS bead products, respectively. The emission rates  were 
calculated assuming a 50 weeks per year, 7 days per week, and 24 hours per 
day production schedule. The annual production volumes , figures, and 
emission rates are based on the references and additional assumptions given 
in each table. 
5 . 3 . 2  PSF Sheet 

The total manufacturing emissions losses from  the model sheet plants 
consist exclusively of pentane, which is assumed to comprise 4.8 weight 
percent of the product. Manufacturing losses  are assumed to be 50 percent 
of the total VOC content. Pentane losses  for  small,  medium, and large 
facilities are calculated to be 2 4 ,  95, and 252 tons per year, 
respectively. The overall production pentane loss is 45 pounds of pentane 
per ton of polystyrene foam production. The total plant production exhaust 
flow  ranges  from 3805 to 3 1 , 3 9 5  scfm to maintain an exhaust VOC 
concentration at 200 ppmv. 
5.3.3 EPS Beads 

The.tota1 manufacturing emission losses  from  the model  EPS  bead plants 
consist exclusively o f  pentane, which is assumed to comprise six weight 
percent o f  the product. Manufacturing losses are assmed t o  be 50 p e r c e n t  

5-7  



TABLE 5-3. MODEL PLANTS - PSF SHEET 

Plant  Size Small Med i um Large 
~~ ~ 

Annual Production,  tons/yr 1, 0ooa 5 ,  OOOb 10, 500b 

Production  Emissions, l b / w  ( t D y I C  

Pentane  48,000 ( 2 4 )  190,000 (95)  504,000  (252) 

Total P1 ant Productaon 
Exhaust Flow (scfm) 3805 15,400  32,400 

aBase'd  on assumption t h a t  smal 1 fac i l i ty   represents  20 percent  the  capacity o f  a 

bAnnual production  rates based on model f a c i l i t y   i n  Reference 4 (Sect.ion 3 )  and 

CAssumes use  of  pentane a t   4 .8  w t .  percent of product, and  50 percent  loss d u r i n g  
panufacturing  (Reference  6.1). Does not  include prompt foam c e l l  losses .  
Standard  cubic  feet  per  minute. Based on a waste  stream  concentration  of 
200 ppm. 

medium-size f a c i l i t y .  

Reference 9. 
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TABLE 5 - 4 .  MODEL  PLANTS - EPS BEAD PRODUCTS 

i 

P1 ant   S ize  Smal l  Med i urn Large 

Annual   Product   ion , t o n s / y r a  1 , 500 3,000 4 , 500 

Product ion  Emiss ions,  l b / w  (trw)b 

Pentane  110,000 (55) 216,000 (108) 326,999 (163) 

T o t a l   P l a n t   P r o d u c t i o n  
Exhaust F1 ow (scfm) 3 , 570 7,020 10 , 600 

aBas,ed on  range o f  a n n u a l   p r o d u c t   i o n   r a t e s   g i v e n   f o r  model f a c i  1 i t i e s   i n  
Reference 4 ( S e c t i o n  3 ) .  

bAssumes use o f   p e n t a n e   a t  6 w t .  pe rcen t   o f   beads ,  and 60 p e r c e n t  1 oss  d u r i n g  
manu fac tu r ing   (Re fe rence   1 ) .   Ac tua l   l osses  may range  between 50 and 85 pe rcen t  
(Reference  11) .  Does n o t   i n c l u d e   s t o r a g e   l o s s e s .  

‘S tandard   cub ic   fee t   per   m inu te .  Based  on  a w a s t e  s t r e a m  c o n c e n t r a t i o n  o f  
200 ppm. 
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of the total VOC content. Pentane losses  for  small,  medium, and large 
facilities are calculated to be 55, 108, and 163 tons per year, 
respectively. The overall production loss i s  72 pcunds of pentane per t c n  
of production. The total plant production exhaust flow  ranges  from 3750 to 
10,598 scfm to maintain an exhaust pentane concentration of 200 ppmv. 
5.3.5 Summary 

Based on the emission rates calculated for each of the model 
facilities,  the  EPS bead facilities produce the  largest amount of VOC 
emissions (72 pounds VOC/ton of production), while extruded sheet 
manufacturing VOC losses are approximately 45 pounds per ton of production. 
Losses are based on the assumptions noted in Tables 5-3 and 5-4:. Actual 
percent losses will vary depending on processing and product 
characteristics. 
. In addition to manufacturing losses modeled here, PSF  sheet and EPS 
bead products continue  to  lose blowing agent after processing. Industry 
testing has indicated that some of these  losses, particularly in  bead 
products, occur in the first 24 to 48 hours following manufacturing,  while 
other products retain some blowing agent for up to two  months.12,13 
Based on  the emission losses calculated from  the model facilities, losses 
from  the model PSF sheet  facilities are approximately 62 percent as great 
as  the  losses  from  the EPS  bead  model facilities. 
5.4 NATIONAL VOC EMISSION  ESTIMATES 

Most of  the previous research on emissions from polystyrene foam 
blowing has focused on chlorofluorocarbon emissions. Since  the Montreal 
Protocol (40 CFR  Part 82) was passed in August 1988 restricting  the 
production and consumption of a  number of fully halogenated CFCs,  the 
polystyrene foam industry has focused most of its research efforts on 
developing alternative blowing agents. These  altzrnatives  include, but are 

. not limited to,  HCFC-22,  HFC-l34a,  HCFC-l42b, hydrocarbons, and blends of 
these  chemicals  together, and with carbon dioxide. 

The industry is.currently in a  state of transition  concerning which 
compounds to use as blowing agents, and different  segments of the industry 
are moving in different directions. In this  report,  estimates of national 
VOC emissions  from  the use of hydrocarbons as blowing agents  were 
caJculated based on production data  from  the 1 iterature and from  the 
industry1 trade associations. The estimates of national VOC emissions 
presentsa il; , d;, 2 ; . r )  4.;-z . ; Z : ~ Q  .,E c ; ;  JW i;;s asen: u;;is2 p ; ; ; - , ; ~ ; - ~ - ;  .:s;;;--*,.s.:: 
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for  the industry during 1987 and 1988. Calculations of estimates are 
included in Appendix 8. A discussion o f  alternate blowing agents and their 
current  status is included in Section 6.0 of tnis report. 
5.4.1 EPS Beads 

Based on review of the  literature and contacts with industry, it 
appears that hydrocarbons are used exclusively as  the  foam blowing agent 
for producing foam beads.14  It is estimated that approximately  six pounds 
of blowing agent are used per 100 pounds of foam beads produced. l5 
Eighty-five p.ercent of the hydrocarbon blowing agent i s  emitted during 
processing and storage, resulting in estimated annual VOC emissions  of 
approximately 14,200 tons. 
5 . 4 . 2  PS Foam Sheet 

Manufacturers of foam sheet are currently moving away from  the use of 
CFC-12 as  a blowing agent. Recent estimates indicate that 60 to 70 percent 
of  the foam  sheet  that is produced is blown with hydrocarbons, primarily 
pentane.16 Combinations of  C02 and pentane are also being used 
successfully. (See Section 6.3 for  further discussion.) Approximately 
50 per 
rema i n 
months 
foam  b 
1 osses 

C 

i 

1 

ent of the blowing agent is emitted during processing, and the 
ng 50 percent is lost during storage or over  the first one t o  two 

of product life. National manufacturing losses of hydrocarbons from 
owing of  PS sheet are estimated at 5062  tons per year. Delayed 
occurring during storage,  shipment, and use are also estimated at 

5062 tons per year. 
5.5 STATE REGULATIONS 

Regulation o f  PSF manufacturing varies from state  to state. Many have 
regulations and permitting programs addressing VOC emissions in general; 
existing regulations pertaining specifically to PSF manufacturing are 
described bel ow. 
5.5.1 South Coast Air Quality Manaqement District 

The South Coast  Air Quality Management  District (SCAQMD) of California 
has adopted Rule 1175 [Control of Emissions From the Manufacture of 
Polymeric Cellular Products (Foam)]. The  rule limits  VOC,  CFC, and 
methylene  chloride  emissions  from  EPS, PSF extrusion,  polyurethane, and 
other  polymer  foam facilities. Rule 1175  requires  the control of 
manufacturing emissions, and does not differentiate between fugitive and 
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non-fugitive emissions. For EPS bead, the total uncontrolled emissions, 
including the residual blowing agent in the manufactured product, must not 
exceed 2.4 pounds/100 pounds of raw material processed. This would mean, 
for example, for a product with six percent blowing agent, at least 
60 percent of  the blowing agent must be controlled during processing and 
storage. Extrusion facilities must reduce  emissions by 40 percent in 1991 
-and 100 percent in 1994 (over 1988 baseline emissions). If  compliance is 
not demonstrated in due  time,  capture and control devices  must be installed 
to  achieve at least 90 percent and 95 percent efficiency,  respectively. 
Compliance with the  SCAQMD  rule may  be achieved by using alternative 
blowing agents that are exempt from the  rule, such as HCFC-22,  HCFC-123, 
HFC-l34a, and HCFC-142b. 

As discussed in previous sections,  some emissions occur  from  the final 
products after  the manufacturing process. These  emissions  are  higher 
huring the first few  days following manufacturing than at other times. If 
total emissions exceed the  above-cited  cutoffs or if  the final product, 15 
minutes after  manufacture,  contains  more than 1.8 percent blowing agent, 
Rule 1175 requires  the  storage of the foam products and capture of vented 
emissions in order  to  reduce  the post manufacturing losses. The final 
product must be stored for 48 hours (24 hours if processing less than 
800,000 pounds per year). EPS facilities processing less than 200 pounds 
per day  are  exempt from the total regulation. 
5.5.2 Kern Countv, California 

Polystyrene foam manufacturing has been regulated in Kern County, 
California since  December 1988 under Rule 414.4. Rule 414.4 bans the use 
of any VOC, CFC-11, or CFC-12 as a blowing agent if no emission 
collection/control systems are operated. Alternatively,  a facility may 
install a  collection  system  on  controllable VOC emission  sources; 
controllable  sources ar'e defined as fluff  silos or bins, reclaim extruders, 
and reclaim  die hood exhausts. Collection systems must, meet  the 
requirements of the American Conference of Governmental Industrial 
Hygienists, and the  Sheet Metal  and Air Conditioning Contractors National 
Association Guidelines, and must be vented to a  combustion  device achieving 
at least 95 weight percent control efficiency. Additionally, Rule 414.4 
requires any VOC blowing agent storage  tank with greater  than 200 gallons 
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capacity to be equipped with a collection and control device or to be 
sufficiently pressurized to prevent the  release of VOC emissions. 
5.5.3 Illinois 

The Illinois State regulation controls  sources processing plastic foam 
scrap or "fluff"  from  the manufacture of foam containers and packaging 
material to  form  resin pellets, i f  uncontrolled VOC emissions exceed 100 
tons per year. These  sources must operate in compliance with RACT, which 
requires an emission capture and control system achieving at least an 
81 percent reduction in uncontrolled VOC emissions. Emissions from the 
extrusion process are not regulated. 
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6.0 EMISSION CONTROL TECHNIQUES 

This  chapter  discusses VOC emission capture and control techniques 
which have been applied to the PSF industry. The demonstrated controls 
discussed include incineration and carbon adsorption;  some potential non- 
demonstrated control techniques are also discussed briefly. 

Overall efficiency and costs of VOC control depend largely upon 
characteristics of the emission points involved, and the  efficiencies of 
c'apture and control devices. The  cost of air pol 1 ution control devices 
increases as the  flow  rate of air requiring treatment  increases, primarily 
because higher flow rates require  larger control devices. It follows that 
low  flow, high concentration streams are desirable for achieving reasonable 
cost effectiveness. Low flow and high concentration are achieved through 
good capture  device efficiency and design.l In addition, as discussed in 
Section 5, "Process  Emissions", VOC concentrations should be maintained in 
the capture and  del ivery systems at or below 25 percent of the 1 ower . 
explosive  limit (LEL) (3500 ppm for pentane), due  to safety considerations. 
A related concern is worker exposure to VOC emissions. Capture  device 
design as well as work  area ventilation systems  effect  ambient VOC levels, 
which must be maintained below the threshold limit value (TLV) (600 pprn for 
pentane). Ideally,  a  capture  system would optimize  collection  efficiency, 
waste stream concentration, and flow rate  to maintain safety standards and 
minimize costs. 
6.1 CAPTURE SYSTEMS 

There  are  three general classes of capture devices: local,  general, 
and complete enclosure.*  Each type can achieve  ranges of collection 
efficiencies and flow  rates depending on factors such as the  number and 
types of,emission sources to which each device is applied,  the proximity to 
the emission source, and the amount of worker  traffic in the area. Capture 
efficiencies are difficult to a e a z ~ r e ? ,  2;7< 2 3 8  5e v e ~ y  s;;e ;pzci:'ic.3 . .  
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6.1.1 Local and General CaDture Devices 
Local capture  devices  consist of hoods or intake  ports  located  near a 

single  source t o  collect  emissions. Tne collection  efficiency and exhaust 
flow rate  for  local  capture  devices  are  affected by air   turbulence i n  the 
immediate vicinity,  the  design  capture  velocity, and the amount of a i r  
inflow, or d i lu t ion ,  t o  the  emissions ~ t r e a m . ~  General capture  devices 
collect  emissions from  more t h a n  a single  source. A s ingle  vacuum hood 
collecting  emissions from several   extruders  is  an example o f  a general 
device. > 

6.1.2  Total  Enclosure CaDture Devices 
I t  may be possible t o  enclose 1 imi ted  areas of a process  completely, 

and vent all  the  area  emissions t o  a control  device.  Capture  efficiency 
fo r  complete  enclosure can be close t o  100 percent.  Enclosure m i g h t  be 
possible  for  areas where personnel t r a f f i c   i s  a t  a min imum.  Areas where 
automated  equipment such as  extruders,  scrap  grinders, or thermoformers are  
1 ocated would  be suited t o  total  enclosure  capture  devices. I t  may  be 
possible t o  apply total  enclosure  devices t o  storage  areas.   Partial  
enclosures, such as  customized or extended hoods,  are   feasible  i n  more 
s i tua t ions  t h a n  total  enclosure, and can be expected t o  achieve  greater 
capture  efficiencies t h a n  local or general  devices, t h o u g h  n o t  as great  as 
to ta l  encl  osure. 
6.1.3 Cascadins o f  CaDture Devices 

Cascading i s  a concept  in which VOC collection  devices  are  arranged  in 
a s e r i e s  such t h a t  VOC i s  moved from an area of  lower capture  efficiency t o  
an area of higher  capture  efficiency. The benefit of cascading i s  t h a t  the 
same  mass of a i r   i s  used t o  co l lec t  VOC from  more than one area,   resul t ing 
in an increased VOC concentration.  This  results i n  an overall  increase i n  
VOC capture  efficiency, and consequently, VOC control  efficiency. 
Cascading may also  reduce  the amount of air required t o  capture VOC 
emissions, and thus the  s 'ize,  capital  cost, and annual  operating  cost, o f  
pol 1 ut i  on control equipment . 

I t  i s  important t h a t  t he   a i r  be moved from an area of lower collection 
efficiency t o  an area of equal or  higher  collection  efficiency. Thus, a i r  
collected by a general or local  collection  device  could be used as make-up 
a i r   f o r  a completely  closed  area. One example of t h i s  concept would be the 
use  of a i r  collected c y  3 ~ e n ~ r - 2 ;  , e c t i x  devicz i n  a taernoforming  area " 
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I .  

as the air supply for a pneumatic conveyer system transporting PSF scrap 
to  storage silos. 
6.1.4 Current Industry Practice 

Because most PSF facilities are only now being considered for 
regulation,  there are no well established conventions for VOC capture. 
State environmental agencies indicate that both  local  and  total enclosure 
capture  devices have been  used  in the EPS industry.6 Other  facilities plan 
to use room-type enclosures for control of VOC emissions from pre-expansion 
operations and/or molding operations. The room  enclosures will be 
ventilated to maintain the TLV of 600 ppm; exhaust will  be vented to 
control devices. Local capture  devices can also be used to  deliver 
emissions  to existing  boiler^.^ Hoods can be attached directly to the  pre- 
expanders and fluidized bed driers, and vented to control devices. 

Data on the  capture efficiencies of these various systems are not 
ivailable, primarily because of the difficulty of measurement. Generally 
speaking, engineering estimates put capture  efficiencies for devices  other 
than total enclosure at approximately 75 percent under optimal conditions, 
while  efficiencies as low as 30 percent have been measured.8 Operators o f  

the facilities with total enclosure estimate  capture  efficiencies at close 
to 100 percent;  however,  no  data are available to verify this e ~ t i m a t e . ~  
The SCAQMD's Amended Rule 1175 (see Section 5.0) requires  a  capture 
efficiency of 95 percent for VOC emissions. Some industry contacts feel 
that total enclosure of the most significant emission points (i.e., pre- 
expanders,  molders, and extruders) is necessary in order  to  achieve 
95 percent capture efficiency. 10 
6.2 ADD-ON CONTROLS 

Add-on control devices may be divided into three general groups: 
incineration, adsorption systems, and alternate technologies. Of  the  add- 
on control technologies evaluated in this  report, incineration and carbon 
adsorption are the only demonstrated and readily  available  technologies  for 
control1 ing VOC emissions from polystyrene foam blowing facilities. 
Information on the possible alternate technologies is provided with a 
discussion of the potential advantages and disadvantages.  Cost 
effectiveness  figures for carbon adsorption and thermal incineration 
controls are estimated in Section 7.0. Control o f  emissions through the 
'Is2 of  r r ? r ~ a t o  blnwino ace?+.: ' : 1' :::~:::;d i n  5act.j 25 5 . 5 . 2  ~ 
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6.2.1 Incineration 
The use of incineration has been demonstrated for  controlling VOC 

emissions  from polystyrene foam manufacturing facilities. Several States 
have issued permits allowing incineration of VOC emissions at EPS 
facilities  I1,l2, and industry contacts  report incineration for VOC 
control. l 3 9 I 4  Recently, an EPS faci 1 i ty has been issued a permi t by the . 

SCAQMD  to install cogeneration boilers, but has not initiated construction 
or installation. 

Two  types of incinerators are available, thermal and catalytic. 
Thermal incineration involves the oxidation of organic  vapors  to carbon 
dioxide and water. The exhaust stream is incinerated in a combustion 
chamber at temperatures in the  range of approximately 1600°F (870°C). 

Catalytic incinerators use a  catalyst bed to oxidize  the  organic vapors and 
operate at lower  temperatures of 750" to 1000°F (400" to 540°C).  Important 
incineration design  factors are residence  time,  gas  stream  flow  rate, 
operating  temperature, and waste  gas heat content. 

The heat content of an exhaust  stream is important in determining 
auxiliary fuel  and air requirements. Exhaust streams with heat contents of  
20 to 50 Btu/scf, corresponding to 40 to 100 percent of the LEL, must be 
diluted with excess air or auxiliary fuel to meet insurance companies' 
safety regulations  for  flammable gases. l5 Streams with 13 to 20 Btu/scf 
correspond  to 25 to 40 percent of the LEL. For example,  a VOC stream 
containing 3500 ppmv of pentane (25 percent of LEL) has a heating value of 
approximately 13 Btu/scf. 

auxiliary fuel to maintain combustion temperatures.16 Although pollutant 
streams with heat contents ranging from 50 to 100 Btu/scf have sufficient 
heat content to support  combustion, auxiliary fuel  may be needed for flame 
stability. When the heat content of a VOC stream' is greater than 100 
Btu/scf, the  stream possesses sufficient heat content  to  support  combustion 
alone and may even be considered for use as a fuel gas  or boiler feed gas. 

Pollutant streams with heat contents  less than 50 Btu/scf require 

Thermal incinerators used to control VOC emissions at PSF facil i ti es 
will generally  require supplemental fuel. Heat recovery  equipment is 
nearly always used with incinerators applied to  low VOC concentration 
streams  to  reduce  the amount of supplemental fuel required. The amount o f  
*..?-," ,.;-,:;,;;2>.*, I-" . I  

. -  
~ . ~ , .  . =tj;;s! 2 1-3 ;2 A ;  _ _  3 =  ;err?q;. - .  io=, -  -3f--',t9r*. - 2 0  3 2  ..- . -. - .  8."- " d  - .  " I '  
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accomplished using a non-contact heat exchanger system. An example of a 
non-contact heat recovery device is a tube and  shell heat exchanger. This  
type of heat exchanger consists of a bundle of parallel tubes inside a 
cylindrical shell. The hot incinerator flue gases flow through the heat 
exchanger on the shell side. The vapor stream to be incinerated flows 
through the heat exchanger on the  tube  side and absorbs heat from  the hot 
flue  gases through the walls o f  the  tubing, thereby increasing its heat 
content and reducing the need for auxiliary fuel. Generally,  the  more 
energy efficient incinerators have lower operating costs due  to  the reduced 
fuel consumption, but a higher initial capital cost resulting from  the 
addition of heat exchange equipment. 

Regenerative thermal incineration is currently used to control VOC 

emissions at several major PSF facilities. These  systems use direct heat 
exchangers constructed of ceramic materials that can  tolerate  the high 
temperatures needed to  achieve ignition of the  waste stream. The ignited 
gases  react in the combustion chamber and subsequently pass through another 
ceramic bed, heating it to the combustion chamber  outlet  temperature.  The 
flow is periodically reversed to continually feed the inlet stream to  the 
hot bed.18 Energy recovery efficiency can be as high as 95 percent; 
associate capital costs are high, but generally are offset by a decreased 
need for auxiliary fuels.19 

For  the expected range o f  VOC concentration levels encountered in PSF 
manufacturing (600-3500 ppmv), thermal incinerators can achieve 99 percent 
or greater VOC destruction,  while  catalytic incinerators are  capable of 
achieving up to 95 percent VOC destruction.*O 

Some EPS manufacturing facilities have existing boilers in place  to 
provide steam in the  pre-expansion and molding steps. VOC emissions could 
possibly be vented to existing boilers for incineration. The benefit of 
using existing boilers for emissions control i s  a reduction in capital and 
operating costs. The only capital investments involved are the  capture 
systems  ductwork, and fans and boiler modifications required to direct 
emissions to  the boiler. Where applicable, use of existing boilers would 
be the most  effective control option (see Section 7.3). 

I n  general,  however, existing boilers are  designed for steam 
production,  not  for VOC control. Emission capture  devices  must be designed 
based upon these existing boiler operating parameters, such as fuel firing 
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device is to be purchased, the operating and design parameters can be 
calculated t o  fit facility needs and a suitable device  can be constructed. 
The  design effort is considerably more  labor intensive when  capture devices 
must be designed to meet the existing design and operating parameters of 
existing boilers.21 Existing boilers may not be able to control all the 
emissions  from  a facility, and  an additional incineration device may be 
required. The capital costs associated with the use of existing boilers 
for control devices  are discussed in Section 7.0 ,  "Control Costs". The 
incineration of chlorinated compounds  can produce combustion products such 
as hydrochloric and hydrofluoric acids, and may require  the use of 
corrosion-resistant  materials and  tail gas scrubbers. This would 
significantly  increase  the projected control costs. 
6.2.2 Adsomtion 

Adsorption is a  mass-transfer operation involving interaction between 
gaseous and solid phase components. The  gas phase (adsorbate) is captured 
on the solid phase (adsorbent) surface by physical or chemical adsorption 
mechanisms. Physical adsorption occurs  when  intermolecular van der  Waals 
forces attract and  hold the  gas molecules to the solid surface. 
Chemisorption  occurs  when  a chemical bond forms between the  gas and sol id 
phase molecules. A physically adsorbed molecule can readily be removed 
from  the  adsorbent under suitable  temperature and pressure  conditions, 
while  the removal of a chemisorbed component is much more  difficult. 

The most  commonly used industrial adsorption systems are based on the 
use of activated carbon as the adsorbent. Carbon adsorption devices have 
been designed and installed for the successful control of VOC emissions in 
PSF facilities.** Activated carbon is effective in capturing  certain 
organic  vapors, including pentane, by the physical adsorption mechanism. 
In addition,  the  adsorbate may be vaporized for  recovery by steam 
regene'ration of the  carbon bed. 

The  design of a  carbon adsorption system depends on the chemical 
characteristics of the VOC being recovered,  the physical properties o f  the 
inlet stream (temperature, pressure, and volumetric  flow rate),  and the 
physical properties of the adsorbent. The mass  flow of VOC from  the gas 
phase to  the  surface of the  adsorbeht, or  rate o f  capture, is directly 
proportional to  the  difference between the VOC concentration in the  gas 
phase and the adsor3tion potential of the solid surface. In addition, 
caofxre r a t e  i s  i i ~ g 2 n ~ 2 n t  cn LW aasorxnc XCI voiurne, t n e  surface area o f  
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adsorbent avail able to capture VOC, and the  rate  of diffusion of VOC 
through the  gas film at the  gas and solid phase interface. Physical 
adsorption is  an exothermic operation that is most efficient within a 
relatively narrow  range of temperature and pressure. A  schematic diagram 
of a typical fixed bed, regenerative carbon adsorption system is shown in 
Figure 6- 1. 

Vapors entering the adsorber stage of the  system are passed through 
the porous activated carbon bed. Adsorption of the vapors occurs in the 
bed  until the activated carbon is sufficiently saturated with VOC to  result 
in VOC breakthrough. At this point, the  VOC-laden air stream typically is 
routed to an alternate bed while  the saturated bed  is regenerated, usually 
with steam. Therefore, most carbon adsorption systems will consist of at 
least two  carbon beds. 

For  the expected range of VOC concentration levels encountered in PSF 
manufacturing (600 to 3500 ppmv), carbon adsorption devices  can  achieve up 
to 99 percent removal e f f i ~ i e n c y . ~ ~  Polymerization of styrene on the 
carbon is a  concern because -it would quickly deactivate  the bed. However, 
the styrene  content in vent streams from PSF facilities is expected to 
occur  at  trace levels. Additionally, carbon adsorption systems have been 
successfully operating at facilities  where  styrene  concentrations are 
higher than  those expected in PSF manufacturing. There has been no 
indication that styrene is polymerizing on the bed at these facilities. 
Another  design consideration for  those instances where  a  mixture of pentane 
and CFC is  used is the  difference in equilibrium adsorptive  capacities of 
pentane and CFC compounds. At a partial pressure of 
0.0002 psia, the  equilibrium adsorptive capacity of virgin carbon for 
pentane is 12 pounds per 100 pounds of carbon,  while  the  equilibrium 
adsorptive capacity of  CFC-12 is only 7 pounds per 100 pounds of carbon, 
making the removal of  CFC-12 the limiting design criteria. 
6.2.3 Alternate  Technoloqies 

Three  technologies have been identified that may serve as alternatives 
to carbon adsorption and incineration. The discussion of sol vent scrubbers 
and refrigeration  technologies is taken directly  from SCAQMD's Staff Report 
on Proposed Rule 1175.24 None of these  technologies has been proven 
commercially in the'PSF industry. 

Solvent Scrubbers. I n  the  scrubber,  the pentane in emissions 
1 -.".-"<. . ..- .... c.>:, .., . ..., ' p *  > ?  _.....- s..>n . . . ... .._., d "  . . i , L I  _ "  . , - -24,- ". -4. - . A  * , 
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pentane is   s t r ipped from the  solvent and recovered. The solvent 
c i rcu la tes  back t o  the  scrubber. Minimum s ize  would  be for  5000 
cfm o f  air .   Capi ta l   costs   are   re la t ively h i g h .  A large  plant 
could have mu1 t i  pl e small scrubbers  with  only one s t r ipper  and 
possibly  save on large ductwork costs .  
Refriseration. The emissions  stream  containing  pentane i s  
refr igerated t o  condense the  pentane. This approach i s  
economically  practical where re la t ive ly  low a i r  flow and h i g h  
pentane  concentrations  are  possible. As the  concentration o f  

pentane  decreases,  the amount of energy  required t o  condense o u t  
the  pentane  increases  (because lower  temperatures  are  necessary). 
Since many of the  contaminated a i r  streams  in  the PSF industry 
have low concentrations, h i g h  operating  costs  will  usually make a 
refr igerat ion  control  system impractical. However, there  are 
selected  instances where this technology would  be appropriate. 
Soi l   Biof i l t ra t ion .   Soi l   b iof i l t ra t ion   i s  a promising a l te rna t ive  
technology fo r  removing-V0Cs such as  propane,  butane,  pentane, and 
styrene from contaminated a i r  streams. The contaminated a i r  stream i s  
passed through a soi l  bed, and the VOC i s  adsorbed t o  the  soil  
colloids.   Soil   bacteria  oxidize  the VOCs aerobically,  producing C02 

and water. The bacteria  regenerate  themselves and the o x i d a t i o n  
process renews the  soil 's   adsorptive  capacity.  Approximately 10 
square  feet o f  l a n d  i s  required t o  t r e a t  each cfm of contaminated 
air .25,  26 

Soi l   b io f i l t r a t ion   t e s t   r e su l t s  have indicated t h a t  a VOC removal 
efficiency of greater  t h a n  90 percent is   possible .27  Biof i l t ra t ion 
beds are  known t o  be operating  successfully i n  a t   l e a s t  one commercial 
f a c i l i t y ,  where pentane and propane are being removed, 
and are  currently being tested i n  severa l   o ther   fac i l i t i es .  
Biofiltration  offers  several  advantages  over  other p o l l u t i o n  control 
alternatives,   including: 

0 A low capital   cost  and minimal operating  costs; 
No fuel or oxidants  are  required; 
No secondary pollutants  are  generated; and 

0 Bed operation i s  safe  both for   the environment and the 
workers. 28 
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The major disadvantage  to soil biofiltration is the  large land area 
required for high  VOC  removal efficiency. 

6.3 ALTERNATE BLOWING AGENTS 
The PSF industry uses a variety of blowing agents including both 

hydrocarbons and chlorofluorocarbons. In PSF sheet  production,  the most 
commonly used hydrocarbon blowing agent is pentane and the  most commonly 
used chlorofluorocarbons have been CFC-11 and CFC-12. Until recently, 
polystyrene boardstock products were blown almost exclusively with CFC-12 
because it provides board with superior insulating quality. Expandable 
polystyrene beads are blown exclusively with hydrocarbons. Recent 
widespread concern  over depletion of the earth's ozone  layer due to CFC 
emissions and the eventual total phaseout o f  CFCs has prompted major 
producers of PSF sheet and board to  reevaluate  their  commitment  to  the use 
of CFC. Additional concerns  over air pollution caused by VOC emissions 
have caused similar  evaluations regarding the use of such hydrocarbon 
blowing agents  as pentane. The ideal alternative blowing agent would 
minimize  the  threat to  the ozone  layer and the quantity of VOC emissions, 
and have the chemical and physical properties required for each of the 
various end products. This is particularly important for polystyrene 
boardstock products that depend upon the  low thermal conductivity of CFCs 
for  superior insulating properties. 
6.3.1 Processinq Considerations 

The blowing agent for polystyrene foam should be chemically  stable 
under  the  operating  conditions present during polystyrene  manufacturing. 
For purposes of consistent product quality, it is essential that  the 
blowing agent not  react with any of the  foam ingredients. It is equally 
important that  the blowing agent is not easily thermally  decomposed to 
retain  foam integrity during the processing steps.29 

To be effective  as a blowing agent for extruded use, a compound must 
have an appropriate vapor pressure in the 'mol ten resin at the point of 
extrusion. In most  cases,  this vapor pressure should be at least 670 psia 
at extrusion temperature. This  limits blowing agents for most  resins t o  

those with boiling points from -4O'C to t50'C (-4O'F to t122'F). If  the 
boiling point is too  low,  the blowing agent would not be an easily 
compressed  vapor;  therefore, it would be difficult  to  meter into the 
extruder. Conversely, i f  the boiling point is t o o  high,  the  vapor bubbles 

. .  
,+ . i  , , ;;<F;??C czc 3 .  :la :,/ jr ,:cz 3;  ii j . . .  
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Because extruded polystyrene foam production requires  the presence of 
a blowing agent,  the permeability of the blowing agent through the polymer 
is  an important factor. Permeability is a function of the blowing agent's 
diffusivity through the polymer, its solubility in the  polymer, aging 
characteristics, and rate of air infusion. If either  the  diffusivity  or 
the solubility is too high, thermoforming will  be difficult, because there 
will not be enough blowing agent retained in the  foam cells. High 
solubility and/or diffusivity would also make potential substitutes 
unsuitable for manufacture of polystyrene insulating boardstock. If the 
blowing agent  escapes through the foam cells,  the valuable insulating 
properties would be lost. In fact, because most of the blowing agent 
should be retained in the foam for the entire  life of the product 
(i.e., 20 years or more), diffusion rates should be very small to  ensure 
long-term product performance. There is a  controversy  within  the  foam 
insulation board industry as to the relative longevity of insulating 
characteristics  for  the  different  foam products. 

The quantity of blowing agent required to make  a  given  foam is a 
function of the agent's molecular  weight and gas e f f i ~ i e n c y . ~ ~  For  a 
blowing agent,  the  gas efficiency equal s the actual contribution to cell 
volume divided by the total volume of  gas required. The efficiency i s  a 

measure of the amount of blowing agent used that actually contributes  to 
product expansion. A good blowing agent for polystyrene foam should have a 
gas  efficiency  greater than 90 percent. 

Blowing agents for EPS foam should have a high enough molecular  weight 
not to  vaporize  at ambient air pressure during aging and storage of 
impregnated beads. At the  same  time,  the  molecular  weight  must be low 
enough to vaporize during bead expansion. ~ Pentane i s  the only blowing 
agent that  satisfies both of these conditions. 

Fire hazards are associated with using hydrocarbon blowing agents. 
However,  the  flammability of the  foam product is more  a  function of the 
flammability of the polymer than that of th>e blowing agent trapped in the 
foam cells.31 Although it is certainly preferable that  a blowing agent be 
nonflammable, it is possible to manufacture foams safely with  a  flammable 
blowing agent, such as  pentane, given proper equipment and sufficiently 
trained personnel. This is supported by the  fact  that  some  major producers 
of thermoformable PSF sheet and virtuallv all producers of EPS beads use 
hvdrocarbons 75 +he;r ? r ;Ta r ' r  5' W;FC! ?c.?n+s. 33?:!?.: 2 2  n E  s1 m:mabi 
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emissions with adequate ventilation is the primary safety precaution taken. 
6.3.2 Product Considerations 

Most PSF sheet is  used for packaging or serving food products. Meat 
trays, egg cartons, hamburger shells, and disposable plates are  examples o f  

this application. Because some blowing agent is retained in the final foam 
product and these products come in direct  contact with food stuffs, the 
Food and Drug Administration (FDA) must  approve any new chemical which 
would be used as a blowing agent. Prior  to such approval , a  candidate 
substitute blowing agent has to undergo extensive  toxicity  testing, and 
even a  slight  degree o f  toxicity would jeopardize FDA acceptance of a 
potential alternative compound.32 

Polystyrene  foam boardstock is used primarily as an insulating 
material for residential and commercial structures. In these  applications, 
polystyrene boardstock has the advantage of high insulating quality (per 
thickness) due  to  the CFC vapor trapped in the cells. An alternative 
blowing agent with lower insulating capability (i.e., higher thermal 
conductivity) could be used, but the material's competitive  advantage would 
be lessened in the building materials market. Thus, an optimum  substitute 
would possess insulating qualities  similar  to or better than  those of 
CFC-12. For use in the construction industry, the product must meet 
flammability standards. The use of hydrocarbons as blowing agents may 
cause  problems in this respect. 
6.3.3 Avai 1 ab1 e A1 ternati ves 

Although PSF products have traditionally been produced with CFC-11, 
CFC-12,  or hydrocarbon blowing agents,  four  alternative  HCFCs  exist as 
potential replacements. These are HCFC-22,  HCFC-124,  HFC-l34a, and 
HCFC-142b.  HCFC,  the  so-called  "soft  CFC", and HFC are not fully 
halogenated and consequently have significantly less  ozone  depletion 
potential. Characteristics of these alternatives are presented in 
Table 6-1. Table 6-2 shows blowing agent a1 ternatives by end product. 
HCFC-22 and HCFC-142b are  currently  commercially avail able, and HCFC-22 is 
now being used in many extruded PSF sheet facilities. The Foodservice and 
Packaging Institute recently announced that, in response to  the Montreal 
Protocol, HCFC-22 has completely replaced CFC-11 and CFC-12 in extruded PSF 
sheet for' the food packaging industry. I t  i s  used either  alone or in 
combination with a ! r ! t  31) T Y Y ~  pentane i n  sheet e x t r l ~ i o n . ~ ~  The 
I : ~ T , -  , -  " 1  - - A  '1r.r - 4 1 - .;,,,~-''-.~ . -;;:;,!I,-,: y , ?  '../R.>r-.:': , . .  - 1  1 -=  ..." . A " -  ,. . , - .  L l i  
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TABLE 6 -2 .  ALTERNATIVE BLOWING AGENTS BY END PRODUCT38 

~~ ~~ 

End P roduc t   Cur ren t   B low ing   Agen t   A l te rna t i ve   B low ing   Agen t  
~ ~~~~~ ~ 

E x t ruded   Po lys ty rene  VOC (Pentane,  Butane) HCFC-22, HCFC-l42b, 
CFC-12 HFC-l34a, CO2/VOC 

combina t ion  

Loose Fill Packaging VOC (Pentane,  Butane) HCFC-22, HCFC-l42b, 
CFC-11, CFC-12 HFC-134a 

Expandable 
P o l y s t y r e n e  (EPS) Pentane CO2/VOC comb ina t ion  
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available by mid-1992-36 Performance of these two alternatives is not 
fully proven,  nor are they approved for food packaging uses.37 

The use of HCFCs and HFCs as  PSF blowing agents could theoretically 
eliminate VOC emissions from the industry. However, as discussed above, 
product quality and performance would be affected. In addition,  the 
availability of alternative blowing agents has been questionable in the 
recent past. Suppliers of soft  CFCs are apparently hesitant to commit  to 
HCFC production in light of their uncertain regulatory status. 

currently used by at least one major board  producer.38 The  HCFC-142b is 
combined with approximately 25 percent pentane for foam board blowing 
purposes. However,  there is reportedly an availabil  ity problem with 
HCFC-142b.39 HFC-134a is also a viable alternative for extruded PSF board. 
Fripp Fibre Foams has developed a foam product using HFC-134a that compares 
favorably to foam blown with HCFC-22, and requires  smaller  amounts of 
blowing agent per product unit than does  HCFC-22.  However,  HFC-134a  costs 
approximately three to  five- times as much as HCFC-22.40 

For extruded PSF board, HCFC-142b is an acceptable alternative and  is 

N-pentane (C5H12)  is the primary hydrocarbon blowing agent currently 
in use. Isopentane and n-butane are alternatives to  this blowing agent 
that have been used sparingly. Other hydrocarbons do not exhibit the same 
suitable  characteristics required of blowing agents. Butane (C4H10)  and 
lower molecular. weight hydrocarbons exist as  gases at room temperature and 
are difficult to handle and meter during processing. Hexane (C6H14)  and 
higher molecular  weight hydrocarbons have higher boiling points and lower 
vapor pressures. 

Blends of hydrocarbons and soft CFC offer promising options to  the PSF 
industry for reducing VOC  and CFC emissions. Maintaining a  certain 
percentage of hydrocarbon in blowing agents may help to preserve product 
quality;  the  soft  CFCs  appear  to be an improvement for both stratospheric 
and ground-level  ozone concerns.41 Current industry developments indicate 
that soft  CFC-VOC  combinations are vi able blowing agent a1 ternatives due to 
their  costs,  availability, and relative environmental acceptability. 
However, uncertainty concerning the regulatory status of soft  CFCs is still 
a  significant barrier to  their  further use. 

Combinations of C02 and pentane are used successfully in sheet 
extrtlsion. Because of C02’s h’9h CliCfl!rinn r?t,e. f u g i t i v e  pentane 
2nj;s’zns 3 ~ 2  r~~~~~~ 1 ; y : = - z u  -:-. - - ~ - c : c * ’  ,-, -..**. , 23 :f 2entzne 5 1 o s t  d U r : q  
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the reclaim process where it can be more effectively controlled. Industry 
data indicate that pentane emissions can be reduced by 35 percent when 
pentane blowing agent is replaced with 25 percent C02. 42 

amount of pentane needed as  a blowing agent (1 ow pentane beads) . 4 3  The use 
of low pentane beads (t6.5 percent pentane) has been mandated by the  State 
of Georgia  Department of Natural Resources, Environmental Protection 
Divi sion in several compl i ance schedul es .44 The compl i ance schedul es 
require  low pentane beads with no greater  than 5.35 percent pentane to be 
phased in  by July, 1991. A major disadvantage  to  the use of  CO2 as  a 
blowing agent in expandable beads is its extremely fugitive  nature, 
requiring EPS bead products to be reblown after pre-expansior~.~~ 

CO2 is also used in the manufacture of expandable beads, reducing the 

Due  to  the  resource  constraints of this  study,  alternate blowing 
agents are not included in the model facility cost  estimates in 
S'ection 7.0; however, they are clearly a  feasible control option for some 
PSF facilities. (No instances were found o f  EPS bead processes using 
blowing agents  other  than 100 percent pentane.) Some  estimates o f  the 
costs associated with switching blowing agents are  available through 
industry contacts. The  Foodservice and Packaging Institute estimates that 
switching from  CFC-11  or  CFC-12  to  HCFC-22 incurs capital costs o f  about 
$100,000 for an average  size facility.46 An Institute representative also 
cited' a United Nations Environmental Programme report estimating capital 
costs of $50,000 per plant for switching blowing agents. Within the PSF 
food packaging industry, egg carton production i s  considerably  more  complex 
than other  processes, and would probably incur the higher estimated 
costs.45 A large  sheet facility reports having switched from  pentane to 
HCFC-22 as  their primary blowing agent at a  cost of $60,000, including lost 
production, operator  training, and time spent by researchers .48 However, 
this  facility  reports  that  the  cost of  HCFC-22 is approximately  five to s i x  

times  that of pentane. 
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7.0 CONTROL  COSTS 

This  chapter presents costs  for  controlling VOC emissions  from  the EPS 
bead  and PSF sheet model plants presented in Section 5.0, "Process 
Emissions". Control costs for PSF extruded board facilities  were not 
devel oped because these faci 1 i ties predominately use CFCs or  HCFCs, not 
hydrocarbons (VOC). The annual production rates of the model facilities 
are based on model facilities developed in the  California South Coast  Air 
Quality Management District Proposed Rule 1175 and a  Society o f  Plastics 
Industry conference paper.1,2,3 A  small,  medium, and large model facility 
for each process is included (1,500, 3,000, 4,500 tpy  for  ESP; 1,000, 
5,000, 10,500 tpy for extruded sheet). 

Thermal incineration and carbon adsorption are  the VOC control 
technologies  for which costs are presented. Three general groups o f  

control devices  were discussed in detail in Section 6.0, "Emissions Control 
Techniques": incineration, adsorption systems, and alternate  technologies. 
7.1 COST  ASSUMPTIONS 

Thermal incineration and carbon adsorption costs  were estimated using 
the methods presented in the EPA Office of Air  Quality Planning and 
Standards (OAQPS)  Control Cost Manual  (EPA 450/3-90-006, January 1990) .4 
Different costing procedures may produce different results. Industry 
reports of the  cost effectiveness of these control technologies vary 
widely, and illustrate the  fact that many capital and operating costs are 
plant-specific. Installed ductwork  costs  were estimated using the method 
of Vatavuk and  Neveril .5 Installed fan cos-ts for  the  capture  system  were 
estimated using the Richardson Estimating Standards.6 Each  model plant was 
estimated to require 3000 feet of 1/8-inch thick carbon steel ductwork  for 
routing captured emissions t o  the control device. Actual ductwork 
construction and length will vary on a  plant-to-plant basis. The 
feasibility and costs o f  vPntirl9 VOC emissions t o  existinu boilers are a l s o  
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discussed. The costs presented in this  report are study-level  cost 
estimates of t30 percent accuracy, as applied to the model facilities. All 
costs are in 1988 dollars. 

The VOC losses resulting from  storage of finished products  were  not 
considered in the  cost analyses. It is assumed that only those VOC losses 
occurring  during production are controlled. Storage  losses were not 
addressed because individual facilities will have a wide  range of storage 
configurations  that a limited number of model plants cannot accurately 
address. High capture efficiency may be achieved in storage  facilities 
where, for example, total enclosure i s  possible, or  where  the exhaust 
stream  can be cascaded or recirculated. However,  under  less optimal 
conditions, higher flow  rates and lower  capture  efficiencies would be 
expected in storage areas. Therefore,  the overall cost  effectiveness of 
controlling  storage  losses is expected to be high relative to  the amount o f  

emission  reduction achieved. 
In many cases, preliminary engineering work is required to design  the 

capture and control systems..  For  purposes of these  cost  estimates, 
engineering costs are estimated at 30 percent of the purchased equipment 
costs.7 The amount of engineering time required will depend on the 
availability of information, as well as the  size and layout of the 
facility. Large facilities may have staff  engineers to perform preliminary 
design  efforts,  while small facilities may have to hire outside engineering 
firms. 

Capture  efficiencies in the  range of 50 to 75 percent are believed to 
be representative of capture efficiency corresponding to a well-designed 
capture system. It might be possible to achieve up to 100 percent capture 
efficiency for those  cases  where VOCs can be piped directly  from  the 
emission source to a control device. Costs  for  the  three PSF sheet model 
facilities  assume 100 percent capture of scrap/repelletizing emissions 
based on hard piping the emissions directly to  the control device (i.e., 
carbon absorption or thermal incineration), Cost for  the  three EPS model 
facilities assumes 60 percent capture efficiency of manufacturing 
emissions. Additional cost analyses were prepared for  the EPS model 
facilities using 50 and 75 percent capture efficiencies. These additional 
analyses provided a general indication of the impact of capture efficiency 
on cost effect,i"?nOrc nf ~ ~ ~ + u r e  3 r d  cmtrql 
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Where hoods are used as  the primary capture  device, an efficiency as 
high as 75 percent or higher may be achieved. As described in Section 6.0, 
different processes afford differat oppcrtunitizs f o r  capturing missims. 
Capture efficiencies of 75 percent and higher are  more  likely for certain 
emissions  points, such as scrap grinding units, than for less  easily 
contained  processes, such as molding lines or thermoforming units. Actual 
capture efficiency will depend on the hood design. Capture  efficiencies of 
75 percent or more will be obtained only in those  cases  where  the hood is 
designed for a specific application.8 

~ Additionally, accurate estimates of variables such as pollutant 

concentration and required air flow  rates  must be determined. Any change 
occurring in these variables after the hood has been installed can 
drastically  reduce hood effi~iency.~ It  is desirable to achieve  the 
highest capture efficiency possible. A higher capture efficiency will 
produce a lower  waste gas stream flow  rate because less air is required to 
dull the  same amount of pollutant into the  capture and control system. A 
lower air flow  rate  results in a less expensive control system. 

Thermal incineration costs are based on installing units equipped with 
a heat exchanger rated at 70 percent heat recovery. An estimate of 70 
percent heat recovery is  used since it  is the highest heat recovery 
considered  reasonable by the  OAQPS Control Cost Manual .lo The destruction 
efficiency is assumed to be 98 percent, corresponding to an incineration 
temperature of 1600'F and a nominal residence  time of 0.75 seconds.ll 

Carbon adsorption efficiency is assumed to be  an average o f  
90 percent over  the  lifetime of the  carbon bed. Short  term  carbon 
adsorption may be 95 percent or higher, but a more realistic  time weighted 
average is 90 percent. Annualized costs of carbon adsorption include 
recovery credits. These  credits are based on reuse  for  the PSF sheet model 
plants and use as fuel  in process steam boilers in the EPS  bead  model 
plants. It is assumed that the VOC will not be disposed of as hazardous 
waste. .Disposal costs can'range from $0.15 t o  $0.50 per pound, not 

' including transportation, which may  vary with geographic .location. 12 
Finally, all model plants are assumed to operate on an 8400 hours per 

year schedule (50 weeks per year, 7 days per week, 24 hours per day). Many 
small PSF facilities, particularly small EPS bead facilities,  do not 
operate continuously. Again, the variety of actual existing operating 
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conditions  cannot all  be reflected in these  cost  estimates. All other 
assumptions are stated in the  OAQPS Control Cost Manual  and ar2  not 
discussed in this  document. 

An additional consideration is the control of  emissions at facilities 
where VOC/CFC or VOC/HCFC mixtures  are used as blowing agents. The  costs 
reported here  reflect  the control of VOC emissions only. Halogenated 
compounds such as  CFCs and HCFCs can produce  combustion  products such as 
hydrochloric and hydrofluoric acids, and may require  the use of  corrosion- 
resistant  materials and  additional flue  gas  treatment. In carbon 
adsorption,  a  larger bed volume may be required to  achieve  the  same removal 
efficiency when a  mixture  of blowing agents is used,  since  the  adsorptive 
capacity o f  carbon is typically less for halogenated compounds compared to 
pentane.  These  considerations can cause  significant  increases in control 
costs. 
7.2 CONTROL  COSTS 

Tables 7 - 1  and 7-2  present emission reductions and cost  estimates  for 
applying carbon adsorption and  thermal incineration VOC  control devices to 
the EPS  and  PSF sheet model facilities. As discussed  earlier,  these  costs 
assume 100 percent capture o f  scrap/repelletizing emissions  from  the PSF 
sheet model plants and 60 percent capture  of manufacturing emissions from 
the EPS  model  plants. These tables indicate that  carbon  adsorption may be 
more  cost  effective than thermal incineration. The  estimated annual costs 

- of incineration are significantly higher than carbon adsorption. For the 
model facilities,  the annualized costs  of thermal incineration range  from 
approximately 1.7 t o  3 .4  times  those  of  carbon adsorption. The  waste gas 
heat content  ranges  from approximately 5 to 9 BTU  per  pound. Therefore, 
large  amounts  of auxiliary fuel are required to  operate  the  incinerator to 
achieve  effective VOC reductions.  This accounts for  a  major portion of the 
annualized costs of  thermal incineration. 

The  cost  effectiveness  of thermal incineration with 70 percent heat 
recovery  ranges  from $4,405 to $6,950 per ton for  the model  EPS facilities 
and from $4,050 to $11,100 per  ton for  the model  PSF sheet  facilities. 

The  cost  effectiveness  of carbon adsorption is estimated to be $1,405, 
$2,010, and $ 3 , 3 3 0  per ton for the large,  medium, and  small  model  EPS 
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plants, respectively. Cost effectiveness for  the  large, medium, and  small 
model  PSF sheet plants are $1,290, $2,190, and $6,790 per ton, 
respectively. 

As facilities  decrease in size,  the  cost  effectiveness  ratio 
increases,  since  the  amount of VOC controlled decreases  faster  than  the 
annualized costs. Additionally,  some  facilities may have a capital worth 
approximately equal to  or less than the capital investment required to 
purchase control equipment.13 Therefore, it i s  important to consider 
annualized costs and the total capital investment in addition to  the cost 
effectiveness when determining whether  controls should be required. 
7.3 EFFECT OF CAPTURE EFFICIENCY ON COSTS 

The cost effectiveness of the control technologies evaluated vary with 
the  capture efficiency associated with the  different process operations. 
While  the  capture efficiency for each operation may be dependent upon the 
physical arrangement o f  equipment and mechanisms of emissions  release, an 
o;erall plant-wide  capture efficiency was used in the  calculations 
performed in this study. 

Capture efficiency i s  a function of the  capture  device inlet velocity 
(face velocity) and the  degree  to which an emission source is enclosed by 
the  capture  device.  Capture efficiency is increased when the  face velocity 
or  the degree of enclosure is increased. There are two  ways to increase 
the  face velocity or the  degree of enclosure and, therefore,  the  capture 
efficiency: by increasing the air flow into the  capture  system, or by 
decreasing  the area between and perpendicular to  the emission  source and 
the  capture  device (face area).  In complete  enclosure,  the face area i s  
zero because the emission source is inside the  collection device. 

The  costs of control devices  are  directly affected by increases in the 
amount of gas  to be treated. The resulting increase in capital and 
annualized costs  is likely to outweigh any increase in capture  efficiency. 
Therefore,  the net result will  be  an increase in the  cost  effectiveness 
ratio. 

The  face area may be decreased by moving the  capture  device  inlet, 
such as a  hood,  closer  to  the VOC emission source. The face  area 
decreases, but the volumetric flow  rate of the  air into the  capture system 
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remains  constant.  Since  the  same volume of air enters  the  capture system 
through a  smaller  area,  the  face  velocity, and correspondingly  the  capture 
efficiency, increases. The  cost  effectiveness  ratio  decreases  because more 
VOC is captured at the  same capital operating costs. However, it may not 
be possible  to install new hoods or move existing hoods closer to  equipment 
in existing facilities  due t o  space  limitations. Fully enclosing  the 
emission will increase  capture  efficiency but  is more expensive and  may  be 
technically  difficult. 

capture  efficiencies  of 50 and 75 percent for  the model EPS facilities in 
Tables 7-3 through 7-6. The  cost  effectiveness  ratios  for  the EPS model 
facilities at 50, 60, and 75 percent capture  efficiencies  are  summarized in 
Table 7-7. For each  model facility the percent difference in cost 
effectiveness between 50 and 75 percent capture  efficiencies  range  from 2 7  

td 32 percent for  carbon  adsorption, and 34 to 35 percent for thermal 
incineration.  The  range  of percent differences in cost effectiveness is 
wider  for  carbon adsorption than for thermal incineration. There are two 
main factors which account for  the percent difference in costs  of  carbon 
adsorption control  at various control efficiencies. These  factors 
are amount of VOC controlled and the capital cost  of the capture/control 
system. A higher  capture efficiency will require  more  carbon  to adsorb the 
additional VOC. More  carbon  requires  a  larger  carbon  adsorber  unit and a 
correspondingly  larger capital investment. However,  the  increase in 
capital cost is more than offset by the additional recovery  of blowing 
agent, and the  net  result is a  lower  cost effectiveness ratio. 

Carbon adsorption and  thermal incineration costs are presented for 

The amount of VOC controlled is the primary factor affecting the  cost 
of thermal incineration. The percent difference in cost  effectiveness  is, 
therefore, almost unaffected by facility size. 
in auxiliary fuel requirements do occur with d 
efficiency,  the effect on  capital cost if negl 

The  cost  analysis indicates that, for EPS 
to 4,500 tpy,  carbon adsorption may be more co! S' 

A1 though sl ight differences 
fferences in capture 
gible. 
facilities  ranging from 1500 
t effective than thermal 

incineration at capture  efficiencies  of 50,  60, and 75 percent. For both 
carbon adsorption and thermal incineration,  the  higher  the  capture 
efficiency,  the better the cost effectiveness ratio. A similar analysis of 
PSF sheet  extrusion is exDected to  show  the same results,  since the  same 
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TABLE 7-7. COST  EFFECTIVENESS  ($/TON)  AT 50, 60, AND 75 PERCENT 
CAPTURE  EFFICIENCIES - EPS  MODEL  FACILITIES 

Carbon  Adsorption Thermal  Incineration 
P1 ant 
Size 

Capture  Efficiency Capture  Efficiency 

(tons/yr) 50 60 50 60 75 75 

1,500 

3,000 

8,235 6,925  5,380 4,000 3,330 2,720 

5,280  4,385  3,460 1,665  1,405 1,220 4,500 

6,050 5,000 3,980 2,370  2,010  1,690 
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driving  forces would affect capture  efficiencies and cost  effectiveness. 
However,  the use of existing boilers as VOC controls may have substantial 
effects on the thermal incineration cost  effectiveness figures. 
7.4 USE OF EXISTING BOILERS 

Most EPS facilities will have existing boilers for process steam 
production. If it is feasible to use existing boilers as VOC controls,  the 
only required capital investments involved are  the  ductwork,  fans,  dampers, 
and control s required to 

The estimated annua 
a  single  fan meeting the 
facilities are presented 
the method of Vatavuk an 

capture  the  emissions and vent them to  the boiler. 
ized costs of installing 3000 feet of ductwork and 
air flow  requirements  for each of the EPS model 
in Table 7-8. Capital costs  were estimated using 
Neveril for  the  ductwork and the Richardson 

Estimating Standards  for  the fan requirements.14, l 5  Capital cost  factors 
from  the OAQPS Control Cost Manual were then applied to estimate  the annual 
Costs.16 As discussed above,  capture  device  design and installation are 
site  specific, and cost  data are not available;  therefore,  costs  for 
capture  devices (i .e., hoods or enclosures) are not included in these 
figures . 

The total annualized costs  for  ductwork  range from 23 to 39 percent o f  

the total annualized costs required to apply carbon adsorption to the model 
EPS facilities. Thus, substantial savings may be obtainable if existing 
boilers can be  used as control devices. The feasibility and cost 
effectiveness of using existing boilers as control devices are difficult  to 
assess. This will depend on the capacity and number of the  existing 
boilers, required fuel to air ratio, and the  operating  temperature. In 
some  facilities,  these  limitations may preclude the use of existing boilers 
as control devices. However,  where  this control strategy is feasible, 
higher VOC destruction efficiencies may be obtained compared to carbon 
adsorption, depending on design constraints. 
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TABLE 7-8. ESTIMATED DUCT COST - 3000 FEET 

h 1 I 1 

P1 a n t  T o t a l  T o t a l  
P1 a n t  Annual i zed Investment  S i z e  
TY Pe c o s t  ( f )  c o s t  ( f )  ( t o n / y r )  

It I I I 

E PS 
92,860 364,650 4,500 
71,595 291,220 3,000 
47,100 200,840 1,500 
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APPENDIX A 

COMPANIES INVOLVED I N  MANUFACTURING OF PS FOAM PRODUCTS 

. -  COMPANIES INVOLVED I N  MANUFACTURING OF PS FOAM PRODUCTS 

Accurate Foam  Co. 
Advance Foam P las t i cs ,   I nc .  
A i r l i t e   P l a s t i c s  Co. 
A l a m  Foam, Inc .  
Albany  Internat ional  
A1 coa  Bui  1 d i  ng Products,  Inc. 
All American Enterprises 
All.ied Foam Products,  Inc. 
Al l -Pak.  Inc.  
Alsco  Arco  Building  Products 
American  Excel s i  or Co. 
American Foam Products 
Amoco 
A M C O  

Amoco 
h o c 0  
h t e x  P1 ast  i cs 
Amxco, Inc. 
ARC0 Chemical Company 
Argent  Corp. 
Arkansas P l a s t i c s  
Arvron,  Inc. 
Ashland  Chemical Co. 
Astrofoam  Molding  Co.,  Inc: 
A t l as   I ndus t r i es  
BASF Corp. 
Be rs to f f  Corp. 
Bird,  Inc.,  Vinyl  Products 
Burnett  Associates,  Ltd. 
Burton  Packaging Co., Inc.  
Cellofoam/Southeastern 
Cel lox  Corporat i  on 
Cellular  Packaging Co. 
Century  Insulat ion  Mfg., Co. 
Chemtech In te rna t i ona l  Co. 
Chestnut  Ridge Foam, Inc .  
Cinc innat i  Foam Products,  Inc. 
C m d o r e   P l a s t i c s  
CONPROCO Corp. 
Contour  Products 
'?rrnxated J - - d x r n .  -7c  

La Porte, I N  
Denver, CO 
Omaha, NB 
San Antonio, TX 
Agawam, MA 
P i t tsburgh,  PA 
A1 buquerque, NM 
Gainesv i l le ,  GA 
Pit tsburgh, PA 
Akron, OH 
Arl i ngton, TX 
Pai nsvi 11 e,  OH 
Beech Is land,  SC 
Chippawa F a l l s ,  VI 
Lami rada, CA 
V i  nchester, V A  
Nashvi 11 e. TN 
Arl i ngton, TX 
Newtown Sq., PA 
Novi, M I  
Sulphur  Springs, AR 
Grand  Rapids, M I  
Dub1 i n .  OH 
Chetsworth, CA 
Ayer, MA 
Parsippany, NJ 
Char lo t te ,  NC 
Bardstown, KY 
Syracuse, NY 
Maspeth, NY 
Conyers, GA 
Reedsburg, VI ' 

Auburn, WA 
Union, MS 
Houston, TX 
Latrobe. PA 
C inc inna t i ,  OH 
Holcanb, NY 
Concord, NH 
Y2zs32:  P A C . ,  "5 
h j t . / v T ' ' a .  U Y  

X 
X 

X 

X 
X X 
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X X 
X X 

X X 
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X 
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X 
X 
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X 
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X 
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X X 
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Crysta l  X Corporati  on 
Custom Pack Inc.  
Dart  Container  Corporation 
Dart  Container  Corporation 
Dart  Container  Corporation 
Dart  Container  Corporation 
Dart  Container  Corporation 
Dart  Container  Corporation 
Dart  Container  Corporation 
Dart  Container  Corporation 
Dart  Contai  ner  Corporati on 
Davis Core  and Pad  Co. 
Del ta  Foam Products Co. 
Denver P1 ast  i cs , Inc .  
Dipak  Manf.  Co., I nc .  
D i v e r s i f i e d  Foam, Inc .  
D i v e r s i f i e d   P l a s t i c s  Corp. 
Di vers i  foam Products  Inc. 
D i  x i  e/Marathon 
Dixie/Marathon 
Dow Chemical Co., USA 
Dow Chemical Co., USA 
Dow Chemical  Co., USA 
Dow Chemical  Co., USA 
Dow Chemical Co., USA 
Dow Chemical Co., USA 
Dow Chemical Co., USA 
Dow Chemical Co., USA 
Dow Chemical Co., USA 
Drew Foam Canpanies, Inc.  
Drew Foam D i v i s i o n  
Dyplest Foam Insu la t ion ,   Ind .  
Dyre l i te   Corporat ion 
EFP Corp. 
Epal l o n  Foam Corp. 
EPS Molding,  Inc. 
E. R .  Carpenter 
E r i e  Foam Products,  Inc. 
Expanded P las t ics ,   Inc .  
Falcon  Manf.,  Inc. 
F lex t ron   Indus t r ies ,   Inc .  
F1 ori da Pak 

Darby, PA 
Malvern, PA X 
Corona, CA 
Horse Cave, KY 
Lavonia, GA 
Leola, PA 
Lodi, CA 
Mason, M I  
Plant   C i ty ,  FL 
Tunwater, YA 
Yaxahachi e ,  TX 
Cave Spring, GA 
Los Angeles, CA 
Hudson, CO 
Yestport,  NY 
Yadki nv i  11 e, NC 
Nixa. MO 
New Brighton, MN 
Balt imore, MD 
S t .  Louis, MO 
Al lyn 's   Po in t ,  CT 
Car teret ,  NJ 
Hanging Rock, OH 
J o l i e t .   I L  
Magnol i a, AR 
Mi d l  and, M I  
Pevely, MO 
Seat t le ,  YA 
Torrance, CA 
Mont i c e l l  0, AR 
Denver, CD 
Miami , FL 
New Bedford, MA 
E l  khar t ,  I N  X 
Azusa. CA 
Houston, TX 
Foge lsv i l l e .  PA X 
Erie, PA 
Fenton, M I  X 
Byron  Center, M I  
Aston, PA X 
Ocala, FL X 

X 
X 

X X 
X 
X X 

X X 

X 
X 

X 
X 

X 
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APPENDIX A 

COMPANIES INVOLVES I N  MANUFACTURING 2 ;  FS FGM PRDDUCTS 

Foam Fabr ica tors ,   Inc .  
Foam Fabr icators,   Inc.  
Foam Fabricators,  Inc. 
Foam Fabr ica tors ,   Inc .  
Foam Fabr icators,   Inc.  
Foam Fabricators,  Inc. 
Foam Fabr ica tors ,   Inc .  
Foam Molders and Spec ia l t i es  
Foam Packaging, Ltd. 
Foam P l a s t i c s   o f  New England 
Foam Products  Corp. 
Foamcor Packaging 
Foamfab. I nc .  
Foam-Lite P las t i cs ,   I nc .  
FPP 
Free-Flow  Packaging  Corp. 
French  Creek  Products 
Frostee Foam, Inc .  
Genpak 
Genpak 
Genpak 
Genpak 
Genpak 
Georgia Foam, Inc .  
Geotech Systems Corp. 
Gilman Brothers Co. 
Glendale  Plast ics 
Gotham Chicago  Corp. 
Handi -Kup Co. 
Hast ings  Plast ics Co. 
Hol land  Industr ies,   Inc.  
Hydra-Matic  Packing Co. 
H. Muehlstein and  Co.,Inc 

Bloomsburg, PA 
Canpton, CA 
E l  Dorado Springs, MO 
Er ie,  PA 
Me1 rose  Park, I L  
New  A1 bany , I N  
S t .  Louis, MO 
Cerr i   tos,  CA 
Harrison, NY 
Prospect, CT 
Maryland  Heights, MO 
Langhorne, PA 
Mansfield, MA 
Knoxv i l le ,  TN 
Vi cksburg , MS 
Redwood C i t y ,  CA 
Royersford, PA 
Ant ioch.   IL  
Longview, TX 
Los Angeles, CA 
Manchaug, MA 
Mi ddl etown, NY 
Montgomery, AL 
Gainesv i l le .  GA 
S t e r l  i ng, VA 
Gilman, CT 
Ludlow, MA 
Chi cago, I L 
Corte Madera, CA 
Santa  Monica, CA 
Gilman, I A  
Bethayres , PA 
Greenwich, CT 

I n d u s t r i a l  Rubber & P last ics   Co. ,   Haverh i l l ,  MA 
Insu la i re .   Inc .   Ga inesv i l le ,  BA 
Insu la ted   Bu i ld ing  Systems, Inc .   S ter l ing ,  VA 
I n s u l a t i o n  Corp. o f  America A1 1  entown, PA 
I n s u l a t i o n  Technology Inc .  B r i  dgewater, MA 
Insul-Board,  Inc.  Erie, PA.  
I n te rna t i ona l  Polymers  Corp. A1 1  entown, PA 
Inter-pac Packaging  Corp. Memphis, TN 

X X 
X X 

X 
X X 
X X 
X X 
X 

X 

X X 

X 
X 

X 

X 

" 
h 

X 
X 

X 

X X 
X 
X 

X 
X 

X 
X 

X 

X 
""" """ """"""_ 

A- 3 



APPENDIX A 

COMPANIES  INVOLVED I N  YANUCAC:U?!NG OF PS FOAM PROOUCTS 

Jacobs P l a s t i c s ,   I n c .  
James Global  Service 
Kalamazoo P l a s t i c s  

. Kaneka America  Corp. 
Keyes Fi  bre/Dol  co 
Keyes Fi  bre/Dol  co 
Keyes Fi  bre/Dol  co 
Keyes Fi  bre/Dol  co 
Keyes Fi  bre/Dolco 
Kohler-General  Corp. 
Lakeside  P last ics ,   Inc.  
LexFoam Manf.,  Inc. 
L i  foam 
L i n  Manf. Company 
L inpk   (F lo r i da   Con ta ine r )  
L inpac  (Flor ida  Container)  
MacDonald P l a s t i c s  
Majeski, H . ,  Co., I nc .  
Mars Cup  Company, I nc .  
Master  Containers,  Inc. 
Matr ix   Appl icat ions Co. 
Merryweather Foam, Inc .  
Merryweather Foam, Inc .  
Michigan Foam Products,  Inc. 
Mid-America Indus t r i es  
Mobi 1  Chemical Co. 
Mobi 1  Chemical Co. 
Mobil Chemical Co. 
Mobil Chemical Co. 
Mobi 1  Chemical Co. 
Mobil Chemical Co. 
Moldtek,  Inc. 
Monsanto Company 
MTC America. Inc.  
Nether1  and Rubber Co. 
North  Brothers Company 
NPS Corp. 

N m n  
01 soni te   Corpora t ion  
Owens-I l l inois 

X 
X X 

Adrian, MI X 
Sal i nas, CA X 
Kalamazoo, MI 
New York, NY X X X 
Dallas, TX 
Decatur, I N  
Lawrencevi  1  1  e, GA 
Pic0  Rivera, CA 
Yenatchee YA 
Sheboygen F a l l s ,   U I  
Oshkosh. U I  
Lexington, KY 
Balt imore, MD 
C1 i nton, OK 
Seabring, FL 
Wilson, NC 
New Balt imore, MI 
Aston, PA X 
Huntington  Stat ion, NY 
Mu1 berry ,  FL 
Pasco, WA 
Barberton, OH 
Syl  acauga, AL 
Grand  Rapids, M I  
Mead, NE 
Bakersf ie ld ,  CA 
Canandaigua. NY 
Covi  ngton, GA 
Frank fu r t ,   I L  
Stamford, CT 
Temple, TX 
Rome, GA X 
S t .  Louis, MO 
New York, NY X 
Cinc innat i ,  OH X 
At lanta,  GA X 
Perryv i  1 l e ,  MO X X 
E. Providence, RI 
D e t r o i t ,  MI 
Toledo. OH 

X 
X 

X 

X 
X 

""""""""_"""""""""""""""""""""""""""""""""""""""" 
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APPENDIX A 

COMPANIES INVOLVED I N  MANUFACTURING OF PS FOAM PRODUCTS 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  "_"" 
Company  Name Location EPS Beads PS Sheet PS Board 

"""""""""""""~""""""""""""""""""""""""""""""""""" 

Pacl f i c  Molded Foam Long Beach. CA X 
Packaging A l te rna t i ves  Corp.  Fountain  Valley, CA X X X 
Packaging  Concepts Zanesvi l le ,  OH X 
Packaging Indus t r i es  Group, Inc.  Hyannis, MA X 
Packateers.  Inc. 
PacTuCo 
Pac-Lite  Products,  Inc. 
Pelafoam, Inc .  
Petersen. H.K., Inc.  
Pioneer  Plast ics 
P1 asteel   Corporat ion 
Plast ic  Molders,   Inc.  
P las t i ca  Company. I nc .  
P last  i foam 
P l a s t i l i t e   C o r p o r a t i o n  
P las t i -Kra f t   Corpora t ion  
Plast ron ic  Packaging  Corp. 
P last ron ic  Packaging  Corp. 
P las t ron i c  Packaging  Corp. 
P last ron ic  Packaging  Corp. 
P las t ron i c  Packaging  Corp. 
P1 ast ron i  c  Packaging  Corp. 
Plymouth Foam Products 
Pollyfoam Corp. 
Poly Foam Inc . 
Poly  Molding  Corp. 
Pre fer red   P las t ics ,   Inc .  
Primex P l a s t i c s  Corp. 
Radva P1 ast  i cs  Corp. 
Rector  Insulat ions 
Rel iab le  P last ics ,   Inc.  
Rempac  Foam b r p .  
Republ i c  Packaging  Corp. 
Robin 11, Inc. 
Scott  Polymers?  Inc. 
SF Products,  Inc. 
SF Products,  Inc. 
SF Products,  Inc. 
Shelmark Indus t r ies ,   Inc .  
S i l v a t r i m  Corp. of.America 
Snow  Foam Products 

X 

Edgemont, PA X X 
Goleta. CA X 
Marine  City, MI X X X 
Richnond, CA 
Fairview  Park, OH X 
Bedford. CA 
I nks te r ,  MI 
L i t t l e  Rock, AR X X 
H a t f i e l d ,  PA 
Rockvi  1 l e ,  CT 
Omaha, NB 
Ozona, FL 
El Paso, TX 
Grand P r a i r i e ,  TX 
Mi nneapol i s ,  HN 
Sparta, Y I  
Stevensvi 1 l e ,  H I  
S t .  Charles, I L  
Plymouth, YI 
Nort  hbr i dge , MA 
Lester   Pra i r ie ,  MN 
Haskell , NJ 
Putnam. CT 
West Carson, CA 
Norr i  stown, PA 
M t .  Vernon, NY 
Dune1 1 en, NJ 
C1 i f ton,  NJ 
Chicago. I L 
Markesan, VI 
F o r t  Worth. TX , 

Jackson, MS 
Memphis, TN 
N. Kansas City, HO 
Col umbus, OH 
S. P l a i n f i e l d ,  NJ X 
E l  Monte, CA 

X 

X  X 
X  X 

X 

X  X 
X X 
X 
X 
X 

X 

X 

X 
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APPENDIX A 

COMPANIES INVOLVED I N  MANUFACTURING OF PS FOAM PRODUCTS 

Stal lman Company 
Stanark  Plast ics,   Inc.  
Stanga Enterpr ises,   Inc.  
Styro-Molders Corp. 
Sweetheart   Plast ics,   Inc.  
Sweetheart   Plast ics,   Inc.  
Sweetheart   Plast ics,   Inc.  
Sweetheart   Plast ics,   Inc.  
Sweetheart   Plast ics,   Inc.  
Sweetheart  Plast ics,  Inc. 
Tech Pak. I nc .  
Tekmol d,  Inc . 
Tempo P l a s t i c  Co. 
Tex Styrene 
Thermal Foams, Inc. 
Therma-Tru  Corp. 
Thompson Indus t r i es  
Topper P1 ast  i cs , Inc . 
Toyad Corporation 
T R I  Manf.  and  Sales Co. 
Tri-State%Foam  Products,  Inc. 
Tuscarora  Plast ics,   Inc.  
T.H.E.M. o f  New Jersey 
UC Indus t r i es ,   I nc .  
UC Indus t r ies ,   Inc .  
UC Indus t r i es ,   I nc .  
United Foam P l a s t i c s  Corp. 
United Foam P l a s t i c s  Corp. 
United Foam Plast ics  Corp.  
United Foam P las t i cs  Corp. 
United Foam P l a s t i c s  Corp. 
United Foam Plast ics  Corp.  
U.S. Mineral  Products Co. 
Virginia  Design Packaging  Corp. 
Western Foampak 
Western Foampak 
Western Foampak 
Western Foampak 
Western Insu l  foam Corp. 
U i l s h i r e  Foam Products,  Inc. 
U.R. Grace & Co. 
U.R. Grace & Co. 

Providence, R I  
L i t t l e  Rock, AR X 
T i t u s v i l l e ,  FL X X 
Colorado  Springs, CO X X 
Chi cago, I L 
Conyers. GA 
Dallas, TX 
Los Angeles, CA 
Owings M i l l s ,  MD 
Uilmington, MA 
Peabody, MA 
Muskegon, M I  
Burbank, CA 
New Brighton. HN 
Buf fa lo ,  NY 
Toledo, OH 
Phoen i x ; AZ 
Covine, CA 
Cat robe, PA 
Lebanon, OH 
Mart i   nsvi  11 e, VA 
New Brighton. PA 
Mount Laurel,  NJ 
Parsippany, NJ 
Rockford, I L 
Tal Image, OH 
Bridgeport , PA 
Fai  rburn. GA 
Georgetown, MA 
Kissimnee, FL 
Pawcatuck, CT 
Somerset, NJ 
Stanhope, NJ 

X 
X 
X 

X X 
X 

X X 

X X 
X ,x 

X 

X 

X 
X 

X 

Suf fo l k ,  VA 
Greensboro, NC 
Mal Verne, AR 
Oel wei n, I A  
Yakima, UA 
Kent, WA 
Carson, CA 
Indi anapol i s, I N  
Readi ng , PA 

X 

X 

Sources l i s t e d  on fo l l ow ing  page 
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APPENDIX A 

COMPANIES INVOLVED I N  MANUFACTLIKING CF PS FOX4 PRONCTS 

1. Society of the   P las t ics   Indus t ry .  1989 Membership Di rectory .  

2 .  U . S .  Environmental  Protection Agency. I n d u s t r i a l  Process P r o f i l e s   f o r  Environmental Use. 
U.S. EPA, ORD, C inc inna t i ,  O.H., 1987. 

3. Thomas Regis te r   o f  American  Manufacturers:  Products  and  Services. Thomas Publ ish ing 
Company, New York. N . Y . ,  1988. 
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APPENDIX 8 

CALCULATION  OF VOC EMISSION ESTIMATES FOR POLYSTYRENE FOAM BLOWING 
.................................................... 

1. EPS FOAM BEADS """""""_"""" 
ASSUME: a )  Beads are  b lown  exc lus ive ly   wi th  VOCs (no CFCs) (Reference  2a) 

INPUTS: a) 1988 Production: 5.58E+08 pounds (Reference 1) 
b) h u n t  o f  VOC used for blowing: 6% of  product  weight  (Reference 3 )  
c )  VOC lost   dur ing  process ing:  85% 

VOC EMISSIONS = 14,229 tons/year 

2. PS FOAM SHEET _""""""""""" 
ASSUME: a) 60-70 % o f   a l l  foam sheet i s  blown w i t h  VOC 6 5% (Reference 2 b )  

INPUTS: a )  1988 Production: 6.5E+08 pounds (Reference  1) 
b)  h u n t  VOC used for   b lowing:  4.8% o f  product  weight  (Reference 3 )  
c )  VOC los t   dur ing  process ing:  50% (Reference  3) 
d) VOC l o s t  over 1-2 months: 50% (Reference 3 )  

VOC PROCESS EMISSIONS:  5062 tons/year 

VOC LOST OVER 1-2 MONTHS: 5062 tons/year ""_ "" 

TOTAL: 10,124 tons lyear  

SUMMARY OF VOC EMISSION ESTIMATES 
I """_""""""""""""""""""""""" I 
I Process  Emissions (TPY) I 
I I """"_ """"""""" 

I EPS Beads 
I Foam Sheet Blowing 
I 
I 

14,229 I 
10,124 I 

""""- I 
24,353 I 

I ""_"""""""""""""""""""""""" I 
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INFGRMATIGH SOURCES """_"""""""" 

1. 1988 Production Numbers: "Resin  Report  1989".  Journal o f  Modern Plast ics,   January,  1989. 

2 .  Percent o f  VOC vs CFCs used for b lowing   o f   d i f fe ren t   p roduc ts :  

a )  EPS Beads - "CFC Issue  H i ts  Hane". Hodern Plast ics,   October,  1987. 

b)  Foam Sheet - "Control  Technology  Overview  Report: CFC hi ssions From 
R i g i d  Foam Manufacturing."  Prepared  by  Radian  Corporation  for 
the U.  S. €PA. September 1987. 

3. Percent o f  emissions  occuring  during  processing and dur ing  cur ing:  

a)  Letter  from  Charles  Krutchen.  Hobil   Corporation,  to Susan R.  Wyatt, 
U. S. Environmental  Protection Agency, May 9,  1990. 

b)  Telecon. HcLean J.,  Radian Corporat ion  wi th  Cooper, D . ,  Dow Chemical 
Corporation, June 6, 1990. Conversation  regarding PSF sheet  extrusion 

c )   L e t t e r  from Val W. Fisher, Amoco.  Foam Products Company t o  Susan R.  Wyatt, 
U .  S. Environmental  Protection Agency, May 7 ,  1990. 
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